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Objective A 

Title: Rheological Properties

Contact: Mike McCarthy

I. Progress report and principal accomplishments

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.  Recent research evaluates the use and applicability of microfabricated radio frequency coils for viscosity measurements of fluid foods.  Efforts in the past year have been focused on decreasing the time for application of the flow encoding gradient pulses to increase the range of shear rates that can be measured
II. Impact statement (for non-specialized audiences)

The miniaturization of the MRI-based in-line viscometer has promising applications in process control and quality assurance.
III. Work planned for the next year

Experiments with remanufactured tomato concentrates are planned for Fall 2007 to complete this project. 

IV. Publications and presentations 

 Choi, Y.J., R.R. Milczarek, C.E. Fleck, T.C. Garvey, K.L. McCarthy and M.J. McCarthy.  2006. In-line monitoring of tomato concentrate physical properties during evaporation.  Journal of Food Process Engineering. 29(6):6115-632.

McCarthy, M.J. 2007. In: M.V. Koch, K.M. VandenBussche and R. W. Chrisman (eds). Micro Instrumentation, Wiley-VCH, Weinheim, pp. 241-245.

Objective A  (2 nd report)

Title: Rheological Properties

Contact: Kathryn McCarthy

I. Progress report and principal accomplishments

The objective of current work with a local tomato processor is to evaluate the rheological behavior of tomato concentrate blends and the ketchup produced from these blends.  A number of ketchup samples were made from blends of two tomato pastes.  The tomato pastes differed in their Bostwick measurement at packing.  Ketchup was evaluated for loss of consistency during remanufacture and relative contribution of each paste to final product consistency.

II. Impact statement 

The Bostwick consistometer measurement is the quality assurance test that is performed for consistency of tomato ketchup, as specified by the U.S. Standards for Grades of Tomato Catsup.   Work performed by the CA station relates the Bostwick measurement to off-line and in-line viscosity measurements that provide greater control capability.
III. Work planned for the next year

Data analysis for the work described above will be completed and a manuscript will be submitted for publication in a peer-reviewed journal.

IV. Publications and presentations :

Milczarek, R.R. and McCarthy K.L.  2006.  Relationship between the Bostwick measurement and fluid properties. Journal of Texture Studies 37(6):640-654.

Objective B (1st report)

Title:  Food Quality

Contact: Mike McCarthy
I. Progress report and principal accomplishments

The use of proton spin-spin relaxation times to estimate internal quality of processing tomatoes was investigated.  The study included firmness, maturity level and common defects.  In general, there were statistically significant differences in the mean values of the spin-spin relaxation times at the P-0.05 level, yet these differences were small in magnitude.  In addition correlations between spin-spin relaxation time and fruit firmness were poor.  

II. Impact statement

Very low magnetic field strength based nuclear magnetic resonance sensors (<0.2 Tesla) are suitable for quality assurance laboratory testing. 

III. Work planned for the next year

No further work is planned in this area. 

IV. Publications and presentations 

Tu, S.S., Y.J. Choi, M.J. McCarthy and K.L. McCarthy. 2007. Tomato quality evaluation by peak force and NMR spin-spin relaxation time. Postharvest Biology and Technology 44(2):157-164.

Objective B (2nd report)

Title: Food Disintegration Kinetics during Digestion

Contact: R. Paul Singh
I. Progress report and principal accomplishments

The knowledge of disintegration kinetics of food particulates in the human stomach is essential to assess bioavailability of nutrients in solid foods, and to establish processing conditions of foods at the manufacturing stage to promote optimum release of nutrients in targeted regions of the gastrointestinal (GI) tract.  The objective of this work was to develop an in vitro stomach system and investigate food disintegration kinetics. The system consists of a turn-table and a jacketed chamber containing simulated gastric juice, in which plastic beads were added to simulate food particulates as well as provide suitable mechanical destructive force on food samples. The force on the samples was simultaneously measured by a TA-XT2 Texture Analyzer. Cylindrical carrots (raw and cooked) and ham samples with different sizes (3-6 mm in diameter and 4-6 mm in length) were tested as representative foods in this system, the disintegration performances were evaluated by measuring the sample weight with time. The mass retention data were modeled and half times (t1/2) were calculated. The system is capable of simulating in vivo human stomach in terms of providing a wide range of continuous and intermittent forces up to 0.4 N on food samples that are comparable to the force measured in vivo based on published data in medical literature. The modified power exponential function of the form yt= 1-(1-e-kt) β, where yt is the mass retention ratio at time t, k and β are constants, provided a reasonable description for the disintegration performance of tested foods. The disintegration kinetic was largely decided by textural changes of the foods during digestion and the extent of forces present in the stomach to which the foods were subjected. Higher forces, smaller size, and cooking are all related with shorter half time. A good match was observed between food disintegration and in vivo stomach emptying profiles, indicating the stomach emptying is largely affected by food disintegration in the stomach. 

II. Impact statement 

The in vitro stomach system provided a reliable means to study food disintegration. Knowledge of the kinetics of food breakdown in the human stomach will enable improvements in food processing methods for optimal nutrient delivery

III. Work planned for the next year 

Research will continue to obtain data on disintegration of foods representing a range of physical properties using the in vitro system.

Objective D (1st report)

Title: MRI Sensor 

Contact: Mike McCarthy
I. Progress report and principal accomplishments

Development of magnetic resonance imaging as a sensor for internal fruit quality has focused on seed detection in mandarins.  Chemometrics has been used to develop models for the determination of no seeds, one seed, two seeds and more than two seeds from a series of multiple congruent images.

II. Impact statement

Development of internal quality sensors will complement existing external quality evaluation.  This will assist U.S. fruit producers in differentiating their product based on quality. 

III. Work planned for the next year

Analysis of images to determine simultaneous multiple quality factors will be pursued. 

IV. Publications and presentations. none

Objective D (2nd report)

Title: Mathematical model for simulation of strawberry cooling in retail packages

Contact:  R. Paul Singh
I. Progress report and principal accomplishments

Reducing the post-harvest losses of fresh horticultural commodities is a topic of major importance around the world. Optimal design and efficiency of the forced-air cooling process are critical factors to enhance the postharvest life of high-value produce, such as strawberries. The specific goal of this research is to develop a better understanding and modeling of the transport phenomena during the forced-air cooling process of packed products. A Computational fluid dynamics (CFD) model was used to analyze the flow field and temperature history of fresh strawberries, being cooled in a commercial forced-air cooling facility. Navier-Stokes equations were solved within a computational model of the commercial packaging structure. By modeling the rate of moisture evaporation and assuming uncoupled heat and momentum processes, the cooling rate of individual products was predicted. CFD analysis showed a complex and uneven distribution of the airflow, only 25% of the total airflow enters the packages. The simulated cooling process showed significant differences between and within packages, the 7/8th cooling time within individual packages ranged from 62-150 min. The CFD model was validated against experimental flow field and temperature measurements. 

II. Impact statement 

CFD modeling provides a powerful design tool to improve the design and efficiency of the forced-air cooling process. This research has provided a new modeling tool to design next generation of retail packages for strawberries.

III. Work planned for the next year 

Several new design concepts will be tested to develop recommendations for packages suitable for uniform cooling of strawberries.

IV. Publications and presentations 

Ferrua, M.J. and Singh, R.P, 2007. A non-intrusive flow measurement technique to validate the simulated laminar fluid flow in a packed container with vented walls. International Journal of Refrigeration. doi: 10.1016/j.ijrefrig.2007.05.013

Objective D (3rd  report)

Title: Modeling flow field in human stomach

Contact: R. Paul Singh 
I. Progress report and principal accomplishments

Upon ingestion, food particulates are conveyed in a bolus to the stomach where further size reduction takes place by chemical and physical forces. Stomach wall contracts to form a wave shaped deformation in the antral region of the stomach. An antral contraction wave starts from the middle of the stomach wall and moves towards the pylorus. Propagation of contraction waves along the stomach wall results in a complex peristaltic flow of gastric juice inside the stomach. The churning effect causes the disintegration of food particulates (<2mm). The goal of our research is to develop rigorous computer models of the flow field inside the stomach to understand the process of food breakdown and digestion. We developed a 3-dimensional computational model of the human stomach. The model can simulate the unsteady flow field generated due to the movement of contraction waves of the stomach wall. The size, shape and movement of the contraction waves were obtained from the reported measurements of human stomach using MRI. The low velocity and highly viscous flow inside the human stomach is in the laminar regime according to recent studies. The model uses the Navier-stokes equations for fluid flow with deforming boundary walls. Fluent, a computational fluid dynamics (CFD) solver was used to solve the flow equations. The flow profile obtained by the CFD model shows the basic features reported in the literature (flow recirculation and retrograde jet). The predicted strain rate was higher near the occlusion created by the contraction waves in the antral stomach region. Food particulates are expected to undergo maximum erosion in this region. Flow was minimal in the fundus region. Using this flow information one can predict the breakdown and release of nutrients from a given food particulate for designing novel foods for sustained health.

II. Impact statement 

The CFD model of the flow field in a human stomach is useful to predict the role of food structure and properties in nutrient release during digestion.  

III. Work planned for the next year 

Modeling of flow field for different properties of ingested foods (such as non-Newtonian) will be studied.

IV. Publications and presentations: 

Anderson, M. C., C. F. Shoemaker, and R. P. Singh. 2006  Rheological characterization of aseptically packaged pudding.  Journal of Texture Studies. Volume 37, Issue 6, Page 681-695

Schwartzberg, H., R. P. Singh, and A. Sarkar. 2007.  Freezing and thawing of foods – computation methods and thermal properties correlation.  In  Heat Transfer Advances in Food Engineering, Editors S. Yanniotis and B. Sunden, W.I.T. Press, South Hampton, U.K
Singh, R. P. 2007.  Heating and cooling processes for foods. In Handbook of Food Engineering, Editors D. R. Heldman and D. B. Lund, CRC Press, Boca Raton, FL.

Singh, R.P. 2006. Estimating freezing times of foods. In Heat Transfer Calculations, Editor, M.Kutz. McGraw Hill, New York, N.Y.

Objective D (4th  report)

Title: Virtual laboratory experiments based on process simulations of key food processing operations 

Contact: R. Paul Singh
I. Progress report and principal accomplishments

During the past three years, we have created several virtual laboratory experiments using mathematical models developed under the auspices of research reported under this regional project. These laboratories are designed to provide educational contents for students taking university courses as well as practicing professionals in the food industry. The collaborative opportunities provided by NC 1023 resulted in a multi-state project funded by the Higher Education Challenge Grant program of USDA. This effort is now underway with active participation of Purdue University, Ohio State University, University of Illinois and University of California. Virtual laboratories on a variety of topics are being developed.

II. Impact statement

Virtual laboratories provide an effective mean to learn food processing principles and applications. The computer-aided laboratories developed in this project will be available via the Internet for wide use in industry and academic institutions.

III. Work planned for the next year

Collaborative work between four institutions will continue to develop new laboratories on topics in food processing.

IV. Publications and presentations. 

A symposium was organized at the 2007 Annual meeting of Institute of Food Technologists with presentations on the development of virtual laboratories by the California and Illinois stations.
Objective D (5th  report)

Title: Use of magnetic resonance imaging to monitor temperature and moisture profiles during heating of model food systems

Contact: K.L. McCarthy 
I. Progress report and principal accomplishments

A subcontract between University of California, Davis researchers and Cornell University researcher Dr. Ashim Datta was initiated and approved. Magnetic resonance imaging has been performed on a gel model and potato cylinder to provide experimental validation for transport models developed at Cornell University.  Spatially resolved temperature maps and Mo maps have been acquired as a function of cooking mode and cooking time.  Work is continuing to relate Mo maps to moisture content of the potato during convection heating and convection/microwave heating.

II. Impact statement

Magnetic resonance imaging is a powerful experimental technique to acquire spatially and temporally resolved experimental data to validate transport models and better understand heat processes. 

III. Work planned for the next year

Collaborative work is continuing with the NY station to use magnetic resonance imaging to validate transport models for the potato system.   

IV. Publications and presentations. none

Station: University of Delaware
	Representative: Haiqiang Chen

Affiliation: Department of Animal and food Sciences
	Email: haiqiagn@udel.edu

Phone: 302-831-1045

Fax:     302-831-2822




Objective A 

Title: Pressure inactivation of Vibrio species and hepatitis A virus in oysters

Contact: Haiqiang Chen

I. Progress report and principal accomplishments

Vibrio vulnificus is frequently associated with oysters, and since oysters are typically consumed raw on a half shell, they can pose a threat to public health due to ingestion of this pathogenic marine microorganism. Oysters should be processed to reduce the number of this pathogen. High pressure processing is gaining more and more acceptance among oyster processors due to its ability to shuck oysters while keeping the fresh-like characteristics of oysters. Nine strains of V. vulnificus were tested for their sensitivities to high pressure. The most pressure-resistant strain of V. vulnificus, MLT 403, was selected and used in the subsequent experiments to represent a worst case scenario for evaluation of the processing parameters for inactivation of V. vulnificus in oysters. To evaluate the effect of temperature on pressure inactivation of V. vulnificus, oyster meats were inoculated with V. vulnificus MLT 403 and incubated at room temperature for 24 h. Oyster meats were then blended and treated at 150 MPa for 4 min, and 200 MPa for 1 min. Pressure treatments were carried out at -2, 1, 5, 10, 20, 30, 40, and 45°C. Cold temperatures (< 20(C) and slightly elevated temperatures (> 30(C) substantially increased pressure inactivation of V. vulnificus. For example, a 4-min treatment of 150 MPa at -2 and 40(C reduced the counts of V. vulnificus by 4.7 and 2.8 log, respectively, while at 20(C the same treatment only reduced counts by 0.5 log. Temperatures of -2 and 1(C were used to determine the effect of pressure level, temperature, and treatment time on the inactivation of V. vulnificus infected to live oysters through feeding. To achieve a > 5-log reduction in the counts of V. vulnificus in a relatively short treatment time (( 4 min), pressure treatment needs to be conducted at pressure levels of ≥ 250 MPa at -2 or 1(C.

II. Impact statement (for non-specialized audiences)

These results point to the potential of using temperatures above or below room temperature (20 - 30(C) to lower the pressure needed to cause the desired level of V. vulnificus inactivation.

III. Work planned for the next year (or indicate project completion)


To work on pressure inactivation of Vibrio parahaemolyticus in oysters.

IV. Publications and presentations 

Journal papers

1. Kural, A. and Chen, H. 2007. Inactivation of Vibrio vulnificus in oysters by high pressure and low temperature. Int. J. Food Micro. Submitted.

2. Kingsley, D.H., Guan, D., Hoover, D.G., and Chen, H. 2006. Inactivation of hepatitis A virus by high pressure processing: the role of temperature and pressure oscillation. J. Food Prot. 69:2454-9.

V. Collaborations


Dr. David Kingsley at the USDA.

Objective B 

Title: Use of antimicrobial packaging films to control the growth of Listeria monocytogenes on ready-to-eat foods 

Contact: Haiqiang Chen

I. Progress report and principal accomplishments

Cold-smoked (Salmo salar) salmon samples were surface-inoculated with a cocktail of three nisin-resistant strains of L. monocytogenes (PSU1, PSU2 and PSU21) to a level of approximately 5 x 102 or 5 x 105 CFU/cm2 of salmon surface. The inoculated smoked salmon samples were vacuum-packaged with control film (no nisin) or nisin-coated plastic films and stored at either 4 or 10(C. When the inoculated smoked salmon samples were packaged with film coated with 2000 IU/cm2 of nisin, a reduction of 3.9 log CFU/cm2 (compared with control) was achieved at either temperature for samples inoculated with 5 x 102 CFU/cm2 of L. monocytogenes after 56 (4(C) and 49 (10(C) days of storage ​while reductions of 2.4 and 0.7 log CFU/cm2 were achieved for samples inoculated with a high level of L. monocytogenes (5 x 105 CFU/cm2) after 58 (4(C) and 43 (10(C) days, respectively. For samples packaged in film coated with 500 IU/cm2 of nisin, reductions of 0.5 and 1.7 log CFU/cm2 were achieved for samples inoculated with a low level of L. monocytogenes (5 x 102 CFU/cm2) after 56 (4(C) and 49 (10(C) days of storage while reductions of 1.8 and 0.8 log CFU/cm2 were achieved for samples inoculated with high level of L. monocytogenes after 58(4(C) and 43 (10(C) days, respectively. Nisin also inhibited the proliferation of background microbiota on smoked salmon and achieved shelf- life extensions of 28 and 21 days at 4(C and 7 and 5 days at 10(C with nisin incorporated at levels of 500 and 2000 IU/cm2, respectively. 

II. Impact statement (for non-specialized audiences)

Our studies indicate that antimicrobial films could be used to control Listeria monocytogenes on ham and cold smoked salmon.

III. Work planned for the next year (or indicate project completion)


To optimize the antimicrobial formulations in the packaging films.

IV. Publications and presentations 

Journal papers

1. Neetoo, H., Ye, M., and Chen, H. 2007. Potential antimicrobials to control Listeria monocytogenes in vacuum-packaged cold-smoked salmon fillets and pâté. Submitted to Food Micro.

2. Ye, M., Neetoo, H., and Chen, H. 2007. Control of Listeria monocytogenes on ham steaks by antimicrobials incorporated into chitosan-coated plastic films. Submitted to Food Micro.

3. Neetoo, H, Ye, M. Chen, H., Joerger, R.D., Hicks, D.T., Hoover. D.G. 2007. Use of nisin-coated plastic films to control Listeria monocytogenes on vacuum-packaged cold-smoked salmon. Int. J. Food Micro. Submitted.

4. Neetoo, H., Ye, M., and Chen, H. 2007. The effectiveness and shelf-life of plastic films coated with nisin for inhibition of Listeria monocytogenes. J. Food Prot. 70:1267-1271.

V. Collaborations


Dr. Dallas Hoover at the University of Delaware.

NC-1023 FLORIDA STATION REPORT FOR 2007, UNIVERSITY OF FLORIDA
A. A. Teixeira, Station Representative

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

PROGRESS AND ACCOMPLISHMENTS

Objective A  (Measurement of Properties)

            NEW TEXT BOOK ON PHYSICAL PROPERTIES OF FOODS

The Florida station participated in co-authorship of a textbook entitled “Food Physics: Physical Properties, Measurement and Application”. Authors are Ludger O. Figura from University of Applied 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. The book will be released by Springer Press out of Heidelburg, Germany in early 2008.

Objective B  (Measurement of Kinetics)

BIOPROCESS CONVERSION KINETICS 

Work has continued 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, a waste by-product of the raw sugar beet receiving, handling and washing operations. 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 has shown that conversion rates can be doubled by elevating temperatures from mesophylic to thermophylic conditions. 

Work is also near completion on identification and development of pre and post treatments of biomass feed stocks and spent residues, that dramatically improve and speed-up conversion kinetics and utilization of spent residue, respectively.

Objective C  (Transport Phenomena)

            THERMAL PROCESS DESIGN FOR SHELF-STABLE FOODS IN SEMI-RIGID                     RETORTABLE TRAYS

Successful retorting of shelf-stable foods in semi-rigid trays and bowls requires that they be sealed with minimum non-condensable gas (air) before entering the retort. Otherwise, the entrapped gasses will expand with increasing internal product temperature causing internal pressure to exceed retort pressure risking failure of the container seals.  For this reason products currently on the market are limited to casserole-type foods in which the trays are filled to the brim at time of sealing with a liquid brine, sauce or gravy to eliminate empty void spaces within the product. This problem currently precludes market entry of retortable trays and bowls containing individual solid pieces with little or no liquid sauce or gravy. 

The goal of this project was to demonstrate that vacuum sealing of retortable trays could be successfully used with such products when tightly filled and processed under dynamic overriding pressure control. 

Methodology involved a series of tasks in carrying the following scope of work:

Development of methodology for filling and sealing of trays under sufficient vacuum, and controlled placement of thermocouples to assure and control internal temperature measurement at product cold spot.

A series of heat penetration tests with laboratory and pilot scale equipment at the University of Florida on prototype menu items.

Analysis of data with computer simulation software to estimate heat penetration parameters and specify optimum process conditions for each menu item.

Estimated experimental thermal process parameters for each menu item ranged from the fastest heating product (fh range of 9.5-12 minutes and process time of 32 minutes) to the slowest heating product (fh range of 39.5-48.0 minutes and process time of 69 minutes).

Results from this research will enable food processors to offer new value-added convenience food products that can be formulated to comply with the needs of consumer subpopulations wishing prepared meals free of sauces and gravies.

Objective D  (Modeling)

THERMAL PROCESSING

Work continues at the FL station in furthering development of improved heat transfer models for thermal process simulation. Extensive application of these models was employed in the data analysis and process calculations needed in the thermal process design for shelf-stable foods in semi-rigid retortable trays described above.

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 to predict voltage field distribution in response to specified thawing conditions.  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.

II.    WORK PLANNED FOR NEXT YEAR

Participate in design and construction of on-site demonstration anaerobic digestion bioreactor facility at American Crystal sugar headquarters in Moorehead, MN (Objective B).  Development mathematical model for predicting internal pressure profiles in flexible semi-  rigid retortable food trays during retort processing operations (Objective D). Completion of work on modeling of ohmic thawing (Objective D).

PUBLICATIONS

Figura, L.O. and Teixeira, A.A. “Food Physics: Physical Properties, Measurement and Application”, Springer Press, Heidelberg, Germany (2008).

Teixeira, A.A.  Thermal Processing of Canned Foods. Chapter 11 in D.R. Heldman and D.B. Lund ed.  Food Engineering Handbook. Second Edition, CRC Press, Taylor and Francis Group. Boca Raton, FL, 2007, pp. 592-659.

Teixeira, A.A. Mechanistic Models of Microbial Inactivation Behavior in Foods. Chapter 10 in: S. Bruhl, S. van Gerwen and M. Zwietering ed. Modeling microorganisms in food. Woodhead Publishing in Food Science, Technology and Nutrition. CRC Press. Cambridge, UK, 2007, pp. 198-213.

Teixeira, A.A. Thermal Processing for Food Sterilization and Preservation. Chapter 15 in:M. Kutz ed. Handbook of Farm, Dairy, and Food Machinery. William Andrew Publishing, Springer Press, Norwich, NY. USA, 2007 pp 415-448.

Teixeira, A.A. 2007. Food Engineering Systems for Long-term Space Mission to Mars. Food Australia, Official Journal of AIFST, Inc., 59(3): 90-93.

Georgia Station:  University of Gerogia
	Representative    William L Kerr

Affiliation           Professor
	Email   wlkerr@uga.edu

Phone  706-542-1085

Fax:     706-542-1050




NC 1023: Improvement of Thermal and Alternative Processes for Foods (NC136)

 

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.

 

I. Progress report and principal accomplishments

1. Rheological

Sivanandan, Toledo and Singh used continuous high pressure throttling to study the changes in rheology of soymilk made from whole de-hulled beans.  Beans were roasted, wet-milled and processed in a Model nG7900 high-pressure homogenizer (Stansted Fluid Power) at 20,000-40,000 PSI.  A smooth product with viscosity similar to that of milk was attained with particles on the order of 10-20 µm. 

Affrifah et al studied the effects of drying conditions on textural and physicochemical characteristics during storage of steamed cowpeas. Cowpeas at 13% moisture were steamed at 121°C then subjected to drying at various time, temperature and humidity. Samples dried at 58.8°C at 26.6% RH and for 6 hours had textural quality better or similar to that of control.

Jarrad et al studied the effects of milling and preparation method on the texture and physical properties of steamed cowpea paste (moin-moin). Paste made from small-particle flour formed a finer structure than that made from cowpea meal. Moin-moin made with materials of smaller particle size and longer cooking times produced stickier moin-moin.  The ratio of cowpea solids to water affected the perceived firmness.

Yi and Kerr have been studying methods for the improvement of bread made from frozen dough. This includes the use of various freezing rate/storage temperatures, the use of high waxy wheat flours, and ultrasonic freezing methods. As part of the evaluation, the rheological/texture properties of both dough (extensibility, stickiness, dynamic mechanical properties ) and bread (firmness, texture profile analysis) were measured. Doughs frozen at lower temperatures (-25 to -35°C) were less sticky and more extensible.  Breads made from dough frozen at -10°C and -20°C exhibited faster proofing, better loaf volume, and softer bread texture.  Addition of between 15 and 30% high waxy wheat flour improved resistance to staling. Higher levels resulted in a sticky, overly cohesive bread.

2. Thermal and thermodynamic

Corey and Kerr are studying the effects of heat, pH and nonthermal processes on bioactive compounds in water, tea and juice beverages.  Studies on hot-filled beverages with herbal supplements show high pH (5-7) is detrimental to compound stability, while those at pH 3-4 were relatively stable.  Changes at pH 5 could be somewhat ameliorated by incorporation of ascorbic acid, or the use of UV-blocking plastic bottles.


Trivedi et al used commercial household steam cleaners to decontaminate beef and hog carcasses processed by small meat processing plants.  Several log reduction of microorganisms was attained and carcasses that were steamed were negative for Salmanella.


Poonoy et al used artificial neural network modeling to predict temperature and moisture content of tomato slices undergoing microwave-vacuum drying. Inputs included initial temperature, moisture content, microwave power and vacuum pressure. A two-hidden-layer model was most appropriate for predicting properties.

3. Mass transfer

4. Electrical


Toledo and Singh have been measuring dielectric properties of marinated chicken breast, with particular interest in radio frequencies.  Currently, an RF oven has been installed at UGA and studies on RF preheating of marinated boneless chicken breast are underway.  This work will test whether RF heating can set the thickness of poultry products prior to subsequent heating.

5. Optical

6. Volatiles

Impact: Studies on physical and chemical properties allow us to design new processes for consumers and processors.  The rheological properties of soymilk have a direct impact on consumer acceptance of healthful soy drinks. Appropriate heat treatment of cowpeas and similar high-protein commodities, will help promote greater acceptance of these products. The affect of thermal and alternative processes on bioactive food compounds is critical, as more processors begin to manufacturer functional beverages with health-promoting properties.

            

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

 

1. Physical processes

2. Chemical reactions

            Corey and Kerr have also been developing statistically-based quantitative structure-property (QSPR) models to predict properties of bioactive compounds. Initial studies indicate that loss or breakdown of components can be predicted based on 4-5 key molecular descriptors.

 

3. Microbial kinetics

Milly and Toledo have been measuring microbial inactivation in apple juice during processing with a cavitation pump, and have showed that up to 4-5 log reduction can be attained.

Sivanandan. Toledo and Singh have been studying the inactivation of microorgainisms during continuous high-pressure processing of soymilk.

Kerr, Harrison and Hurst are beginning work on studying changes in E. coli 0157 during field-to-store processing of lettuce and spinach, in particular examining the effects of vacuum cooling and forced-air chilling.

 

4. Enzyme kinetics 

Impact: As consumers demand and manufacturers processes that have less impact on flavor, quality, nutrition and other health-promoting compounds, the efficacy of these processes must be assured.

 

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

 

1. Heat transfer

2. Electromagnetic energy

3. Mass transfer

4. Momentum transfer

 

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

 

1. Thermal processes

           Corey and Kerr are studying the effects of heat, pH and nonthermal processes on bioactive compounds in water, tea and juice beverages.  Studies on hot-filled beverages with herbal supplements show high pH (5-7) is detrimental to compound stability, while those at pH 3-4 were relatively stable.  Changes at pH 5 could be somewhat ameliorated by incorporation of ascorbic acid, or the use of UV-blocking plastic bottles.

 

2. Alternative processes

            Work continues with continuous high-pressure throttling as an alternative or supplement to thermal processing of beverages.   Savindandan and Toledo are working on CHPT processed soymilk, which provides a smooth whole bean soymilk.  Kerr and Cavender are investigating cold pasteurization of milk to be used for artisan cheeses.  Corey and Kerr are using continuous high pressure processing for juice-based beverages incorporating teas and other herbal supplements. 

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. They are currently evaluating the use of electrolyzed oxidizing water as a sanitizer for fresh-cut produce and food contact surfaces.

            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.  We are currently building a system to combine cavitation with ultraviolet radiation for further microbial destruction, and to ensure reduction of spores, and to improve our ability to work with high-acid products.

Lee et al studied the use of electrolyzed water on the quality of hand and machine-peeled yams. Electrolyzed water at pH 2.5 was produced from 20% NaCl in a container separated by a polyester membrane, at the anode side.  The effectiveness of the suppression of microorganisms was similar to that of 0.6% acetic acid.  Sensory acceptance of yams processed in electrolyzed water were slightly higher than those, with less browning and change in aroma. 

 

3. Modeling of food safety and risk

4. Process control

Impact: New processes will allow processors to produce products with exceptional quality and nutrition. This research helps us understand how safety can be assured, and under what conditions these processes can be used.

Lee HJ, Kim D, Chinnan MS, Park HJ and Jeong JW.  2007.  Effect of electrolyzed water treatments on the quality of hand- and machine-peeled yams during cold strorage.  Food Science and Technology  40(4): 646-654.

Poonoy P, Chinnan M, and Tansakul A. 2007. Artificial neural network modeling for temperature and moisture content prediction in tomato slices undergoing microwave-vacuum drying.  Journal of Food Science  72(1): e042-e047

Trivedi S, Chen J, and Reynolds AE.  2007. Use of commercial household steam  leaning system to decontaminate beef and hog carcasses processed by four small or very small meat processing plants in Georgia.  Journal of Food Protection.  70(3): 635-640

Yi J and Kerr WL.  2007. Effects of freezing rate and storage condition on water dynamics and physical properties of frozen dough and pan bread.  IFT Annual Meeting, August 2007, Chicago IL.
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OBJECTIVE A 

Title: Characterization of zein nano and microscale structures.

Contact: Graciela Padua

I. Progress report and principal accomplishments

i. Progress report

Zein-solvent-surfactant mixtures were investigated for mesophase formation and structure. The effect of varying the system HLB was investigated. SEM and AFM images revealed the formationof sphere, cubic, hexagonal, and lamellar species. Transitions between mesophasses were also detected. Lipophilic materials tended to decrease the radius of curvature of zein aggregates forming spheres, while hydroophilc materials rended to increase curvature to form lamellar films. 

ii. Main accomplishments 

Zein-solvent-surfactant mixtures of varying HLB were characterized by SEM, DLS, AFM, and FIB techniques. Such structures may find application in microencapsulation processes.

II. Impact statement 

Corn proteins will become more readily available as the con ethanol industry intensifies production. Zein, a major kernel protein, offers the possibility of becoming a building block for novel food structures and biomaterials. Of particular interest for this research, zein microspheres can be easily produced. Microspheres may be used to improvwe the quality of foods by carrying, protecting, and deliveingr a number of health functional compounds and flavoring agents.

III. Work planned for the next year 

Having gained understanding on the processes for forming and releasing microsphers. The next step is to investigate the behavior of specific food components encapsulated in zein systems.

IV. Publications and presentations 

V. Collaborations

- with J. Kokini, Rutgers The State University of New Jersey.

- with F. Harte, University of Tennessee.    

OBJECTIVE B

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

Title: Improving Food Safety and Quality of Fresh and Fresh-cut Fruits and Vegetables

Contact: Hao Feng, University of Illinois 

I. Progress report and principal accomplishments

i. Progress report

(A) The effects of peroxyacetic acid (POAA), acidic electrolyzed water (AEW), and chlorine on inactivation of Escherichia coli O157:H7 on fresh-cut apples and cantaloupe rinds were investigated. Apple cylinders were dip inoculated with E. coli O157:H7, and treated with sterilized water (control), chlorine, AEW, or POAA for up to 8 min. Cantaloupe cylinders were spot inoculated with E. coli O157:H7 to the rind and treated with sterilized water, AEW, or POAA for up to 15 min. All sanitizer treatments showed a significantly (P < 0.05) higher inactivation than the control. The residual counts of E. coli O157:H7 on both fruits exhibited a dual-phasic reduction behavior, with a fast inactivation (D-values: 0.8-5.0 min) in the first min (phase I) of treatments followed by a much slower inactivation (D-values: 14.6-59.8 min) in the remaining time (phase II). The dual-phasic inactivation seems to be related to fruit surface topography that determines the bacterial distribution. 

(B) This study was undertaken to investigate the effects of washing conditions such as flow velocity, agitation rate, and contact time on the reduction of Escherichia coli O157:H7 populations from the surfaces of cantaloupe rind and cut apples. Top surfaces of cylindrical samples were spot inoculated with E. coli O157:H7 and treated with peroxyacetic acid (POAA, 80 mg/liter) solution under different flow velocities and agitation rates, and with different washing modes. Test results indicate that the reduction rate of E. coli O157:H7 increased with the increase in flow velocity and agitation rate under the testing conditions. In a 3 min treatment in the flow-through chamber, the E. coli O157:H7 count reduction on cantaloupe rind and cup apples reached 2.5 and 2.3 log cfu/cm2, respectively, when the flow velocity increased from 0.0 m/min to 0.8 m/min. Agitation conducted at the bottom of the treatment chamber reduced the E. coli O157:H7 population on cut apples by 1.2 log cfu/cm2 in 3 min, while in the treatment with the agitation over the top of the chamber, the survival count of E. coli O157:H7 was reduced by only 0.8 log cfu/cm2. The experimental data were used to fit four microbial reduction kinetic models (first order kinetic model, Weibull model, biphasic linear model, and hyperbolic tangent model). It was found that E. coli O157:H7 reduction from the fruit surfaces was best described by the Weibull model. 

ii. Main accomplishments 

A flow-through chamber was designed and used to wash produce samples for microbial reduction tests. This was the first effort to examine the efficacy of sanitizers with a continuous flow set-up.  A biphasic microbial inactivation was found in washing of fresh produce with and without a sanitizer. For the first time, kinetic models were used to describe the microbial removal kinetics during produce washing operations.  

II. Impact statement 

Washing produce with sanitizing solutions is an important step in reducing microbial population during postharvest handling. Little information exists regarding the effects of washing solution flow conditions on the efficacy of pathogen reduction during washing. The research findings reported here may be useful in designing produce wash systems for achieving enhanced pathogen reduction and improved produce quality and safety. The biphasic microbial inactivation behavior during produce washing provides important guideline for the design of a commercial washing procedure, as washing in the phase II is ineffective and should be avoided. 

III. Work planned for the next year 

Work planned include 1) to examine the effect of ultrasound on quality of fresh and fresh cut produce 2) characterize the flow field inside a produce washing tank with computational fluid dynamics (CFD), and 2) to optimize the acoustic field distribution in a washer using computer simulation in order to introduce into a washing system.  

IV. Publications and presentations 

i. Journal papers 

Kim HJ, Feng H, Kushad MM, Fan X. 2006. Effects of ultrasound, irradiation, and acidic electrolyzed water on germination of alfalfa and broccoli seeds and Escherichia coli O157:H7, J Food Sci, 71(6): 168-173.

Zhou B, McEvoy JL, Luo Y, Robert A. Saftner RA, Feng H, Beltran T. 2006. Application of 1- methylcyclopropene reverses the deleterious effect of exogenous ethylene on fresh-cut watermelon and controls microbial growth, J Food Sci, 71(6): 180-183.

Wang H, Feng H, Luo Y. 2006. Dual-phasic inactivation of Escherichia coli O157:H7 with peroxyacetic acid, acidic electrolyzed water, and chlorine on cantaloupes and fresh-cut apples, J Food Safety, 26: 335-347.

Wang H, Feng H, Luo Y. 2007. Control of browning and microbial growth on fresh-cut apples by sequential treatment of sanitizers and calcium ascorbate, J Food Sci, 72: 1-7.

Lu S, Luo Y, Turner E, Feng H. 2007. Efficacy of sodium chlorite as an inhibitor of enzymatic browning in apple slices, Food Chem, 104: 824-829.

Wang H, Feng H, Luo Y. 2007. Modeling of the effect of washing solution flow conditions on Escherichia coli O157:H7 population reduction on fruit surfaces, J Food Prot, forthcoming.

Wang H, Feng H, Luo Y, Zhang A. 2007. Produce surface characteristics affect product quality and safety, Acta Horticulturae, forthcoming. 

ii. Abstracts, proceedings

Wang H, Feng H, Luo Y. Inactivation of Escherichia coli O157:H7 with peroxyacetic acid, acidic electrolyzed water, and chlorine on cantaloupes and fresh-cut apples, International Fresh-Cut Produce Association (IFPA) annual meeting, Baltimore, MD, 2006. 

Wang H, Feng H, Luo Y. Effects of washing conditions on Escherichia coli O157:H7 reduction on fruit surfaces, International Fresh-Cut Produce Association (IFPA) annual meeting, Baltimore, MD, 2006. 

Wang H, Feng H, MacLaren S, Luo Y. Examination of cell morphological changes of Escherichia coli treated with acidic electrolyzed water, peroxyacetic acid and chlorine using a MFP-3DTM atomic force microscope, Institute of Food Technologist, 2006 Annual meeting, Orlando, FL, 2006.

Luo Y, Wang H, Feng H. Produce surface characteristics and washing conditions affect quality and safety of fresh-cut products, The International Conference on Quality Management of Fresh Cut Produce 2007 (QMFCP2007), Bangkok, Thailand, 6-8 August, 2007.

Zhou B, Feng H, Lou Y. The efficacy of sanitizer and ultrasound combined treatments on reduction of Escherichia coli O157:H7 surrogate population on spinach, Institute of Food Technologist, 2007 Annual meeting, Chicago, IL, 2007.

iii. Presentations 

iv. Other (i.e., media)

V. Collaborations

USDA ARS, Produce Safety and Quality Lab

Objective B (2nd report)

Title: Acoustic Energy as a Practical Juice Safety Intervention for Inactivation of Acid Tolerant Pathogenic Microorganism

Contact: Hao Feng, University of Illinois 

I. Progress report and principal accomplishments

i. Progress report

A mano-thermo-sonication ultrasound system was used in E. coli K12 inactivation experiments. A new reaction chamber was designed and fabricated to obtain constant temperature and pressure during ultrasound treatment. Thermo- (TS), mano- (MS), and manothermo-sonication (MTS) were conducted in batch mode with combinations of 4 temperatures (40, 47, 54, and 61°C) and 4 pressures (0, 200, 300, and 400 kPa). Inactivation data were analyzed with six kinetic models. Microscopic observations of ultrasound-treated E. coli K12 cells were conducted by scanning electron microscope (SEM) and fluorescence microscope.

ii. Main accomplishments 


For the first time, a complete set of TS, MS and MTS inactivation date for a microorganism were obtained at sublethal and lethal temperatures. The population reduction of E. coli K12 treated with TS, MS, and MTS followed dual-phasic inactivation kinetics, which includes a fast reduction phase in the first few minutes followed by a slow one for remaining minutes. Within 2 min, a 5-log reduction of E. coli K12 in phosphate buffer (0.01M, pH 7) was achieved by MS, TS, and MTS. Especially, at 61°C, a 5-log reduction was achieved within 30 s by TS and MTS. In SEM observation, disrupted cells and debris of cells were observed in MTS-treated cell at 61°C and 400 kPa for 30 s. 

II. Impact statement 


The results demonstrate that MTS may be used as an alternative to inactivate foodborne pathogens in liquid foods (orange and apple juice). The relatively short treatment time (30 s) and low temperature compared to commercial thermal pasteurization (71.1°C) may ensure the production of orange and apple juice with an improved product quality. 

III. Work planned for the next year 


Experiments will be conducted to inactivate E. coli K12 in a buffer system at low pH values (pH 3, 4, and 5). Best inactivation conditions will be selected from previous research conducted at pH 7. Sublethal injury tests by different ultrasound treatments will also be conducted. The survival of ultrasound injured cells during storage under acidic conditions in both buffer and food products (orange juice and apple juice) will be examined. Quality attributes (soluble solid, pH, acidity, color, vitamin C, and cloudiness) of ultrasound treated or thermal pasteurized juice will be monitored during storage at 4oC.   

IV. Publications and presentations 

i. Book chapter

Feng H, Martin SE. 2007. Ultrasonic pasteurization of foods. In Encyclopedia of Agricultural, Food, and Biological Engineering, (ed.) Heldman DR, Marcel Dekker, New York.

ii. Journal papers 

Ugarte E, Feng H, Martin SE, Cadwallader KR. 2006. Inactivation of Escherichia coli with power ultrasound in apple cider. J Food Sci, 71(2): 102-108.

Ugarte E, Feng H, Martin SE. 2007. Inactivation of Shigella boydii 18 IDPH and Listeria monocytogenes Scott A with power ultrasound at different acoustic energy densities and temperatures, J Food Sci, 72: 103–107.

Wambura P, Yang W, Williams L, Feng H, Rababah TM. 2007. Shelf life extension of roasted peanuts by surface lipid removal, Transactions of ASAE 54: 1315-1321.

ii. Abstracts, proceedings

Mutamba ABO, Ibrahim SA, Yang H, Seo CW, Feng H. Reduction of Escherichia coli 0157: H7 in milk using sonication as influenced by milk fat content, The Annual Biomedical Research Conference for Minority Students, Anaheim, CA, 2006.

Feng H, Martin SE. Power ultrasound inactivation of bacteria and food enzymes, ASABE annual meeting, Minneapolis MN, June 17-20, 2007.

Yang W, Yang R, Feng H. Power ultrasound enhanced extraction of xylan from corncob, 2007 Annual meeting, Chicago, IL, 2007.

iii. Presentations 

iv. Other (i.e., media)

V. Collaborations

OBJECTIVE D

Title: Interactive Virtual Experiments for Food Processing Education

Contact: Feng H (UIUC), Morgan MT (Purdue), Hayes KD (Purdue), Balasubramaniam VM (OSU), and Singh RP (UC Davis)

I. Progress report and principal accomplishments

i. Progress report

In this multi-institutional project, University of Illinois at Urbana-Champaign is in charge of developing three virtual laboratory modules, including concentration of sugar solution, microwave and fluidized bed combined drying of diced apples, and power ultrasound inactivation of Escherichia coli K12 in apple cider. All the data needed for the development of three modules have been collected. One module, the concentration of sugar solution with a falling-film evaporator has been developed and demonstrated at 2007 IFT meeting. The documentation, including the data sheet for the simulator development for the microwave drying module has been produced. 

ii. Main accomplishments 

One virtual lab module has been developed that was demonstrated in a presentation at the 2007 IFT meeting. The E. coli population reduction data during thermo-sonication treatments have been collected as a function of treatment time and temperature. The inactivation data were fitted to different kinetic models. It was found that the inactivation of E. coli K 12 with power ultrasound in the thermo-sonication mode can be best described by the Weibull model. 

II. Impact statement 

The virtual lab module(s) developed in this study may provide a useful tool for students to deepen the understanding of food processing principles taught in the classroom. It allows students to explore the effect of operational conditions on the rate of heat, mass and momentum transport, as well as quality changes, during a unit operation process.  It also provides access for students to emerging food processing technologies (High pressure processing, Pulsed electric field, Ultrasound, etc.) that are normally not available in classroom settings for most food processing course instructors. 

III. Work planned for the next year 

Finish the simulator development for the microwave drying module. Compile the work sheet for the ultrasound inactivation module and finish the simulator development. 

IV. Publications and presentations

Feng H, Morgan M, Balasubramaniam VM, Singh RP. Virtual Laboratory Modules for Food Processing Education, Institute of Food Technologist, 2007 Annual meeting, Chicago, IL, 2007.

V. Collaborations

This is a joint effort among four institutions: Purdue University, The Ohio State University, University of California, Davis, and UIUC with the support of a USDA Higher Education Challenge Grant. Dr. Morgan (Purdue) leads the effort and Dr. Singh at UC Davis provides important technical support in the development of the simulators. 

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

I.  Water-solid interactions, shelf-life, and FT-IR spectroscopy method development. (Lisa Mauer)    

An emphasis of Dr. Mauer’s work has been advancing the use of spectroscopy for rapid, non-destructive food analysis. Dr. Mauer has developed novel applications of Fourier-transform infrared spectroscopy (FT-IR) and chemometrics for rapid and accurate analysis of key quality and structural parameters for a wide variety of foods and ingredients, as well as for rapid identification and characterization of select foodborne pathogens. An impact of this work is improved screening of olive oils for adulteration detection. Dr. Mauer is adapting spectroscopy, moisture sorption isotherm, water activity, atomic force microscopy, and dynamic nuclear magnetic resonance relaxometry measurements in multidisciplinary projects with food scientists, food industry personnel, pharmaceutical scientists, and engineers to better understand water interactions with food and pharmaceutical ingredients in order to develop appropriate processing, packaging, and storage conditions to maintain product quality. An impact of this work is improved powder blend stability through control of sequencing and environmental humidity. Dr. Mauer has also worked on optimizing food quality for a mission to Mars by identifying levels of radiation, processing techniques, and storage conditions that impact the quality of various food types and plant cultivars and by providing quantitative measures of food processing scenarios to enable systems-based decisions utilizing the NASA-specific equivalent system mass metric.  In a new collaborative undertaking, Dr. Mauer is working to optimize a hermetic storage system to improve storage stability and reduce insect-related losses of cowpea in Africa.

II.  Eliminating pathogens in food products using non-thermal, atmospheric plasma. (Kevin Keener – Purdue University, Paul Dawson – Clemson University,)

A non-thermal, atmospheric plasma system has been designed and built which can produce atmospheric plasma in a sealed package. This system has been used to treat ready-to-eat leafy greens and documented a reduction in spoilage organisms of 1-2 log10. On-going research is examining the efficacy of non-thermal, atmospheric plasma on leafy greens and other foods contaminated with pathogens. 

Publications and Presentations

1.  Keener, K. M. 2007. Atmospheric, Non-Equilibrium Plasma. In “Encyclopedia of Agricultural and Food Engineering". Editor D. Heldman. Marcel Dekker, Inc. Accepted for Publication.

III.  Sterilization of Aseptic Processing Systems using Chlorine Dioxide Gas.  (Mark Morgan)

A.  Aseptic tank rinsing after chlorine dioxide sterilization

Chlorine dioxide gas has potential for use as a chemical sterilant for food processing equipment such as aseptic processing systems.  The purpose of this study was to develop a procedure for using chlorine dioxide gas to sterilize processing equipment including processing tanks, piping, valves, and filters prior to aseptic transfer of product.  The rates of removal of residual chlorine dioxide gas from the equipment with and without water rinse were investigated.  After the processing equipment was exposed to a preset level of chlorine dioxide gas for sterilization, a filter-sterilized water rinse or air flush (Fig. 1) was used to remove the residual gas.  The gas removal efficiency was investigated by monitoring the concentrations of chlorine dioxide in the rinse water or in air over time.   

A final water rinse, after air flush was performed to determine ClO2 residuals that may be left on the tank surface.  Results showed that either method of gas removal was adequate for minimizing residual chlorine dioxide on the equipment surfaces.  Residuals on tank surface measured in a rinse using 2000 g of water was less than 0.1 ppm.


Impact:  If chlorine dioxide can be removed from aseptic processing lines using aeration with minimal residuals, then a water rinse step may be eliminated.  This will save in water usage, especially for large tanks, (e.g. 1.8 million gallons).  

B:  LRT of organisms deposited on stainless strips and on PTFE strips

Organisms deposited on stainless steel and PTFE strips showed different resistances to chlorine dioxide treatment.  Figure 2. shows that organisms deposited on PTFE strips had longer log reduction times (LRT) than those deposited on stainless steel strips, indicating that they were more resistant to chlorine dioxide gas. 


It is likely that there is a higher surface tension between PTFE strips and the liquid used for inocculation. The spreading area of the deposited organisms on PTFE (~4.5mm) was smaller then the spreading area on a stainless steel (~6.5mm) resulting in a thicker layer of organisms which may increase the time for chlorine dioxide to penetrate.  As a result, the apparent resistance of organisms deposited on PTFE is higher than that deposited on a stainless steel strips.


 As it is expected, the z values of A. niger spores on PTFE  and on stainless steel were very close, 5.68 and 5.17 respectively. The sensitivity of organisms toward changes of chlorine dioxide remains the same. 


Impact:  When applying chlorine dioxide gas to an aseptic processing line for in-line sterilization, the organisms which are most difficult to kill can be used as a target.  For high acid products such as orange juice, mold spores were found to be most resistant to the gas treatment.  In addition, the material on which the organisms are located affects their resistance to the gas treatment.  PTFE was found to have higher log reduction times for A. niger spores than stainless steel with standard 2B finish.

Publications and Presentations

1. Morgan, M., E. Sutantio, F. Pangestu, Q. Xu, P. Nelson  2007.  A process for chemical sterilization of aseptic processing tanks using chlorine dioxide gas.  Poster Presentation, IFT Annual Meeting.  Chicago, IL.

2. Xu, Q., P. Klockow, P. Nelson, and M.T. Morgan.  2007.  Chlorine dioxide gas for inactivation of microorganisms on surfaces of processing equipment.  Poster Presentation, IFT Annual Meeting.  Chicago, IL.

Objective D: To develop mathematical models for analysis, design, and improvement of food processes.

I.  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. 

Impact statement:  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.  

Publications and Presentations

1. Y. Yaniv, B.E. Farkas, K.M. Keener. 2007. Mathematical modeling of infrared heating of a food matrix. Institute of Food Technologists Meeting. July 28-August 1, 2007. Chicago, IL.

2. K.M. Keener, P.A. Klockow. “Atmospheric, Non-equilibrium Plasma Generation in a Sealed Package”. Invention disclosure. Submitted to Purdue, 5/5/07.

Station: Iowa State University 

Lester A. Wilson, Stephanie Jung, and Patricia A. Murphy
	Representative: Lester A. Wilson

Affiliation : Iowa State University   
	Email : lawilson@iastate.edu  

Phone : 515-294-3889

Fax:    515-294-8181




O

Objective A 

Title: Effect of New Soybean Oils and Trans-Fat Free Shortening on Quality of Baked Product

Contact: Lester A. Wilson and Terri Boylston

I. Progress report and principal accomplishments

a. Progress report (1-2 paragraphs)

The purpose of the study was to determine the quality attributes of commercial bakery products in which the hydrogenated vegetable shortening is replaced with five alternative options.  These options include ultra low linolenic acid soybean oil (ULLO), Fluid-Flex Cake Shortening (FF), Soybean/Cottonseed Oil Blend, and two different interesterfied shortenings (050-IE and 150-IE).  The commercial bakery products include gingersnaps, piecrust, bread rolls, white icing (frosting), muffin streusel, yellow cake, blueberry muffins and country biscuits.

Planning the project was centered on eliminating variables to reflect changes in fat only.  Initially each recipe was researched with input from the Soyfoods Council, University of Massachusetts, and our Culinary Chef. Gold Standard recipes were formulated and tested in January and February while we awaited the test oils/shortenings and funding. Instrumental and sensory methods were identified for the testing of each product. Presentation of the samples to panelists was standardized (The streusel was put on plain muffins, and the frosting was put on animal crackers for the sensory tests, and the blue berries were placed in each 1/3 of the dough in the cup to reduce variability due to blue berry location), and ISU Human Subject approval forms were developed and submitted for approval. The products were produced and replicated for instrumental analysis (standard Hunter color, viscosity, and texture analysis), based on AACC procedures.  This also allowed the kitchen team to evaluate the handling characteristic of the dough’s, etc. prior to baking and the presentation of the products to panelists.

ii. Main accomplishments


Based upon the results from this study, the interestified shortenings had a wider application (except for ginger snap cookies) in the replacement of hydrogenated vegetable shortenings that contain trans-fatty acids. No modifications were needed in the recipe gold standard for these products. Ultra Low Linolenic Soybean oil worked well in products where oils are typically used (cakes, muffins) without recipe modification.  These oils would be expected to perform well as frying oils, and in salad dressings, mayonnaises, and similar products.  FluidFlex only performed well in Streusel, blue berry muffins, and ginger snap cookies. The soy/cotton seed blend worked in the streusel and the cake, but problems were observed in separation during baking giving different densities in muffin and other products.

II. Impact statement (for non-specialized audiences)

Interesterified shortenings and ultra low linolenic soybean oil are recommended for bakery products, as they give the best functionality and sensory properties while reducing the trans-fat without requiring recipe re-formulation. These interesterified oils should use stearic acid (heart neutral) so as not to increase the undesirable saturated fatty acid content (palmatic acid) of the food. This will provide heart-health shortenings that will reduce trans-fats and help improve consumers diets (improve health). The FDA should differenate between heart neutral saturated fats from  heart unhealthy saturated fats oin the nutrition Facts Panel on food labels to aid consumers in making health food choices.

III. This projects ends this year.

IV. Publications and presentations 

i.   Journal papers To be submitted to IFT.

ii. Abstracts, proceedings

Boge, E.L., Boylston, T.D., and Wilson, L.A.  2007.  Flavor quality and

stability of roasted soynuts.  Inst. Food Technologists Annual Meeting,

Chicago, IL.  Abstr. 187-38.

Boge, E.L., Boylston, T.D., and Wilson, L.A.  2007.  Sensory

characteristics of roasted soynuts.  Inst. Food Technologists Annual

Meeting, Chicago, IL.  Abstr. 192-0

Wilson, L.A. and D. Borda. 2007 NATO ARW Workshop on Food Safety and Security in the Food for Peace and Security Program. “Food Safety and Security:Global Holistic Approaches for the Future and Environmental Impacts.” Galati, Romania. (Wilson co-director, planner, and speaker)

iii. Presentations Iowa Soybean Promotion Board.To be submitted to IFT.

iv. Other (i.e., media)

V. Collaborations: Nebraska (Speaker); NASA

Title: Effect of high pressure processing parameters on shelf life of soymilk and determination of injured microorganisms

Contact: Stephanie Jung

I. Progress report and principal accomplishments

i. Progress report:

The objective of this work is to determine whether high-pressure processing (HPP) could qualify as an alternative to the conventional thermal treatment of soymilk and tofu.  We investigated the effect of pressure alone and combined with a mild thermal treatment on soymilk key enzymes, nutritional factors, protein/functional properties and microbiological attributes. This year, effect of high-pressure processing parameters on shelf life of soymilk and determination of injured microorganisms was investigated.  Soymilk was pressurized at 400, 500, and 600 MPa at 25 and 75˚C for 1 and 5 minutes.  Total bacterial counts (TBC), psychrotrophs, Enterobacteriaceae, and injured cells were quantified during 28 days of aerobic and anaerobic storage at 4˚C.

ii. Main accomplishments:


HPP increases shelf life of refrigerated soymilk 2 weeks longer than untreated soymilk based on the spoilage level of 106.  Immediate counts indicate that HPP at room temperature is able to reduce the microbial load 2.5 log CFU mL-1 at 400 MPa while the higher pressures cause 4.5 log CFU mL-1 reduction.  HPP coupled with thermal treatment had a reduction of 4.0 to 4.5 log CFU mL-1 for 400 to 600 MPa respectively.  Thermal treatment does have an impact for shelf life extension during pressure processing refrigerated soymilk.  The highest reduction occurred with the highest pressure.  The holding times of 1 and 5 min did not give significantly different plate counts  Only HPP at 25˚C aerobic storage yielded any growth for the psychrotrophs though all counts were well below the spoilage limit at 28 days of storage.  No growth was seen at for the Enterobacteriaceae.  The injury in the population gave total injury except at 400 MPa at 25˚C.  Injury recovery was seen throughout the 28 days of storage.  No samples exhibited full recovery during the study.  The recovery period of the microorganisms varies so caution must be taken when analyzing the microbial content in pressure treated foods.  The soymilk stability and pH were maintained throughout the storage study.

II. Impact statement (for non-specialized audiences)

  HPP treatment was able to enhance shelf life without negatively impacting the quality characteristics of the soymilk while shortening production time.

III. Work planned for the next year (or indicate project completion)

Investigations on the effect of high pressure processing on flavor of pressurized soymilk have been initiated and will continue. We will also focus on the effect of high pressure processing on tofu production and characteristics.

IV. Publications and presentations 

i. Journal papers (follow style guide for JFS, copied below)

Lakshmanan, R., de Lamballerie-Anton, M., Jung, S. 2006. Effect of soybean-to-water ratio and pH on pressurized soymilk properties, Journal of Food Science, 71: E384-391.
ii.  Abstracts, proceedings

iii. Presentations 

Invited seminar: Jung S. High Pressure Treatment of Foods. 4th Annual Nebraska Food Research Symposium. April 14 2007, Lincoln, Nebraska

Jung S. High hydrostatic pressure parameters impact on soy components extractability and characteristics. USDA Project director meeting, NRI Improving food quality and value, August 7-8, 2007

iv. Other (i.e., media)

V. Collaborations

* Bala Balasubramaniam (The Ohio State University) on work dealing with inactivation of soy enzymes under pressure

* Co-PI in a grant submitted to USDA in 2006 (PI: Antonio Torres, Oregon State University).

Objective A #3.

Title: Benefits of extrusion and high-pressure processing combined with enzymatic treatment during aqueous extraction of soybean oil

Contact: Stephanie Jung

I. Progress report and principal accomplishments

i. Progress report :

Aqueous extraction processing (AEP) is an attractive alternative to the current hexane oil-extraction method but extracts only 60-70% of the soybean oil. The purpose of this study is to improve the enzyme-assisted aqueous extraction of soybean oil. This year we focused our effort on release of the extracted oil as free oil by demulsification of the stable emulsion formed during the process and determination of the properties of the protein co-product fraction. Comparison of extrusion and high-pressure processing as a pre-treatment was also performed.

ii. Main accomplishments 

Extrusion followed by enzymatic treatment yielded higher oil extractability that high-pressure processing followed by enzymatic treatment did. Protease and phospholipase were effective in cream demulsification. At low concentrations, the protease released significantly higher amounts of free oil than did phospholipase. Adjustment of the cream to pH 4.5 followed by centrifugation also led to free oil release. 

The protein by-product of the extraction of soybean oil with combination of extrusion and enzymatic has a 90% protein content and good functionality with a high solubility at pH 7.0 and low viscosity. 

II. Impact statement (for non-specialized audiences) 

This result will contribute to the development of aqueous extraction processing which will reduce the use of hexane in the extraction of soybean oil. Isolated protein fraction from extrusion and HPP combined with enzymatic treatment had functionality that might have some food and feed applications.

III. Work planned for the next year (or indicate project completion)

Understanding on mechanisms of emulsion destabilization will be pursued and applied to other seeds. 

IV. Publications and presentations 

i.   Journal papers (follow style guide for JFS, copied below)

ii.  Abstracts, proceedings

1. J. Wu, L. Johnson, S. Jung. Methods for de-emulsification of soycream obtained during enzyme-assisted aqueous extraction of soybean oil, 98th AOCS Annual Meeting and Exposition, Quebec City, Canada, May 13-16, 2007

2. Mahfuz, A., Jung, S. Characterization of isolated soy protein obtained during enzyme-assisted aqueoux extraction of soybean oil using extrusion or high pressure processing, 98th AOCS Annual Meeting and Exposition, Quebec City, Canada, May 13-16, 2007

3. Morales, R., Kim H-J, Zhang C, Glatz C, Jung S. Protease demulsification of emulsion from the aqueous extraction of soy four. 98th AOCS Annual Meeting and Exposition, Quebec City, Canada, May 13-16, 2007

iii. Presentations 

iv. Other (i.e., media)

Patent: Enzyme-Assisted Soy Aqueous Process with De-Emulsification, Provisional Patent, filled December 22, 2006. Lawrence Johnson, Chris Penet, Buddhi Lamsal, Stephanie Jung, Cheng Zhang, Jianping Wu, Jeff Gerstner, Peter Birschbach.

V. Collaborations

This is a project involving several co-PI from Iowa State University

Station:  Louisiana State University Agricultural Center.

	Representative: Kayanush J. Aryana

Affiliation     LSU AgCenter
	Email   karyana@agcenter.lsu.edu

Phone  225 578 4380

Fax:     225 578 4008




Objective 1 

Title: Synthesis and characterization of Poly(lactide-co-glycolide) (PLGA) nanoparticles for various applications 

Contact: Cristina Sabliov

I. Progress report and principal accomplishments

Progress report (1-2 paragraphs)

PLGA nanoparticles (NPs) of different characteristics were synthesized by emulsion evaporation method to serve two purposes. Type I nanoparticles were designed to have a positive charge, required for encapsulation of negatively charged molecules, such as plasmid DNA. The second type of particles, also based on PLGA, was used to entrap an antifungal (Itraconazole). Both sets of nanoparticles were characterized in terms of size, size distribution, and surface charge. DNA-PLGA complexing was also carried out for the chitosan nanoparticles. Finally, the antifungal properties of the PLGA(Itraconazole) was tested in cell culture.

ii. Main accomplishments 

PLGA nanoparticles of desired physical characteristics (such as surface charge, and size) were synthesized by emulsion evaporation method. 

PLGA(Chitosan) nanoparticles were positively charged (+43 mV) and measured 126 nm prior to freeze-drying; DNA/NP complexes of less than 300 nm in size were formed at pDNA/NP ratios ranging between 1:400 to 1:25. The resuspension of the NPs was optimized by using a 1:4 (ug/ug) trehalose:NPs during freeze-drying. This ratio resulted in a clear resuspension of NPs with measuring in size 150 nm and a zeta potential of 30 mV.

PLGA(Itraconazole) nanoparticles of 200 nm in size of spherical morphology were made at two Itraconazole initial loadings of 12.5 and 25% (relative to the PLGA). The entrapment efficiency as measured by spectrophotometric methods was 96% at the lower initial loading (12.5%), and 47% for the higher initial loading (25%). The NPs were negatively charged, with a zeta potential of -30 mV. Cell studies showed that empty PLGA nanoparticles were not toxic and the culture Aspergillus Flavus was not affected after a three-day exposure to the nanoparticles. The PLGA(Itraconazole) nanoparticles did inhibit growth of the fungi, effect accentuated with an increase in the NP concentration, from 1.06 mg/ml to 10.36 mg/ml. 

II. Impact statement (for non-specialized audiences)

Nanoparticles of desired characteristics were synthesized in this study. Type 1 nanoparticles were designed for entrapment and delivery of negatively charged molecules (i.e. DNA). Chitosan was used to impart a positive charge to the surface of the nanoparticles. The second type of nanoparticles was intended to be used as a controlled delivery system for antifungals (i.e. Itraconazole) and showed excellent antifungal activity in cell culture. 

III. Work planned for the next year (or indicate project completion)

Type 1 PLGA(Chitosan) nanoparticles will be resuspended in buffer, complexed with pDNA, and the complexes characterized by TEM, DLS, and UV-VIS for morphology, size, size distribution, zeta potential, and entrapment efficiency.

Type 2 PLGA(Itraconazole) nanoparticles will be surface functionalized by antibody attachment, and the antifungal activity of the nanoparticles will be studied in more detail. Controlled-release studies of the antifungal from the PLGA nanoparticles will also be performed.

IV. Publications and presentations 

Journal papers (follow style guide for JFS, copied below)

Abstracts, proceedings

Pate, D., N. Patel, J. Malik, D. Backstedt, M. Khachaturyan, and C. M. Sabliov. March 30-April 1, 2007. Design of Nanocarrier Drug Delivery System for the Treatment of Aspergillosis. IBE. St. Louis, MO. 

Presentations 

Pate, D., N. Patel, J. Malik, D. Backstedt, M. Khachaturyan, and C. M. Sabliov. March 30-April 1, 2007. Design of Nanocarrier Drug Delivery System for the Treatment of Aspergillosis. IBE. St. Louis, MO. 

iv. Other (i.e., media)

V. Collaborations

Dr. Richard Cooper, Veterinary Science Department, LSU.

Dr. William Monroe, Biological and Agricultural Engineering Department, LSU.

Dr. Kenneth Damann, Plant Pathology Department, LSU. 

Objective 2 

Title: High frequency electromagnetism, heat transfer, and fluid flow coupling in ANSYS multiphysics 

Contact: Cristina Sabliov

I. Progress report and principal accomplishments

Progress report (1-2 paragraphs)

The goal of this study 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 in ANSYS Multiphysics. The developed model was used to determine the temperature change in water processed in a 915 MHz microwave unit, under steady-state conditions. The influence of the flow rates on the temperature distribution in the liquid was assessed. Results showed that the average temperature of water increased from 25°C to 34°C at 2 l/min, and to 42°C at 1 l/min. The highest temperature regions were found in the liquid near the center of the tube, followed by progressively lower temperature regions as the radial distance from the center increased, and finally followed by a slightly higher temperature region near the tube’s wall corresponding to the energy density distribution given by Mathieu function. The energy distribution resulted in a similar temperature pattern, with highest temperatures close to the center of the tube, and lower at the walls. The present study showed that coupling the models of three physical phenomena (heat transfer, fluid flow and electromagnetism) was possible in ANSYS Multiphysics. The model can be improved to account for complex boundary conditions, phase change, temperature dependent properties, and non-Newtonian flows, which makes the objective of future studies.

ii. Main accomplishments 

To our knowledge, the present study presents the first successful attempt to couple high frequency electromagnetics with fluid flow and heat transfer in ANSYS. In the developed ANSYS Multiphysics model, High Frequency Electromagnetic Module (used for high frequency electromagnetic analysis) and FLOTRAN CFD Module (used to solve fluid flow and heat transfer problems) are iteratively coupled via volumetric heat generation term and solved for a steady-state situation. ANSYS Multi-Field solver iterates between the fields’ analyses until the “loads” transfer across each interface converges. Maxwell’s equations are solved using a sparse direct solver to calculate the electric field and the heat loss in the dielectric. This heat loss is used as a heat generation term in solving energy equation. Energy, momentum and continuity equations are solved using a tridiagonal matrix algorithm in FLOTRAN CFD Module. The FLOTRAN temperature output is then used as input in the High Frequency Electromagnetic Module to recalculate the dielectric properties at the new temperatures, and the loop continues. 

II. Impact statement (for non-specialized audiences)

Heating liquid products in a continuous-flow focused microwave system is a complex process involving heat generation due to electromagnetic waves, heat transfer by conduction and convection, and flow of the fluid as the process is continuous. Numerical modeling requires solution of Maxwell’s equations to determine the electromagnetic field distribution, the Fourier’s energy balance equation to find the heat transfer in the fluid as well as the Navier-Stokes equation to describe the fluid flow. The three different sets of equations involved are rigorously coupled and solved for the first time in a commercial available finite element software (ANSYS, Inc.).

III. Work planned for the next year (or indicate project completion)

The model presented in this paper represents an original attempt to couple electromagnetism, heat transfer, and fluid flow in the ANSYS Multiphysics environment in order to simulate a process of microwave heating. This comprehensive model developed under a number of assumptions can be easily upgraded to incorporate more complex boundary conditions, temperature dependent electromagnetic and physical properties, and other physical phenomena (i.e., mass transfer). The model also does not take phase change into account; this limitation is conditioned by the related capability of the FLOTRAN CFD Module used for fluid flow and heat transfer modeling. These issues will be addressed in future developments of the model. 

IV. Publications and presentations 

Journal papers (follow style guide for JFS, copied below)

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

Abstracts, proceedings

D. Salvi, d. Boldor, C. M. Sabliov, and K. A. Rusch. 3-6 September, 2007. Finite element analysis and experimental validation of continuous microwave heating using synthetic ballast water as a model. 11th International Conference on Microwave and High Frequency Heating. Oradea, Romania.

D. Salvi, C. M Sabliov, and D. Boldor. June 17-20, 2007. Numerical modeling and validation of heat transfer in flowing fluid in a focused microwave system. ASABE. Minneapolis, MN.

Presentations 

D. Salvi, d. Boldor, C. M. Sabliov, and K. A. Rusch. 3-6 September, 2007. Finite element analysis and experimental validation of continuous microwave heating using synthetic ballast water as a model. 11th International Conference on Microwave and High Frequency Heating. Oradea, Romania.

D. Salvi, C. M Sabliov, and D. Boldor. June 17-20, 2007. Numerical modeling and validation of heat transfer in flowing fluid in a focused microwave system. ASABE. Minneapolis, MN.

iv. Other (i.e., media)

V. Collaborations

Dr. D. Boldor, BAE Department, LSU.

Dr. K. Rusch, CE Department, LSU.

Objective 3 

Title: Influence of pulsed electric field processing on Lactobacillus casei

Contact: Kayanush J. Aryana.

I. Progress report and principal accomplishments

Progress report (1-2 paragraphs) - 

The specific aim was to study whether certain the pulsed electric field (PEF) processing conditions had a stimulatory, detrimental or no effect on the health beneficial bacterium Lactobacillus casei.  Sterile peptone water was inoculated with L. casei.  The L. casei was subjected to various conditions using a pulsed electric field processor.  Bipolar square wave pulses of durations 2, 4, 6 and 8 µs were used.  The field strengths were 10, 20, 30, and 40 kV / cm.   Flow rate was 60 mL / min. and samples were processed at room temperature (21 C).  The control was not subjected to any PEF conditions. The L. casei counts were enumerated according to standard methods.  

Main accomplishments  

L. casei were present in all samples collected after subjection to all the above pulsed electric field processing conditions.  There were no differences in L. casei counts of the control (no PEF) compared to samples subjected to 2 and 4 us pulse width for 10, 20, 30 and 40 kV/ cm.  Neither were there any differences in counts between the control and samples subjected to pulse width of 

6 and 8 us for 10 and 20 kV / cm.  There was a log reduction in samples subjected to pulse width of 6 us for 30 and 40 kV / cm.  In samples subjected to pulse width of 8 us at 30 and 40 kV / cm there was a two log reduction in L. casei counts.  

II. Impact statement (for non-specialized audiences)

L. casei, a health beneficial bacterium, survived the pulsed electric field conditions studied.  Knowing this is important to arrive at pulsed electric field settings which would assist in killing harmful bacteria but not health beneficial bacteria. 

III. Work planned for the next year (or indicate project completion)

To study effect of pulsed electric fields on stimulatory or detrimental effects of a probiotic in a dairy product such as fluid milk / drinking yogurt.  

IV. Publications and presentations 

Journal papers (follow style guide for JFS, copied below)

Abstracts, proceedings

Presentations 

iv. Other (i.e., media)


V. Collaborations

Dr. Charles Boeneke, School of Animal Sciences, LSU

Dr. Juan Silva, Department of Food Science, Nutrition and Health Promotion, Mississippi State University. 

Station __Maryland____

	Representative 
Y. Martin Lo, Ph.D.
Affiliation      
Nutrition & Food Sci.


University of Maryland
	Email   
ymlo@umd.edu
Phone 

301-405-4509
Fax:     
301-314-3313



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.

Title:
Texture stability of hydrogel complex containing curdlan gum over multiple freeze-thaw cycles.

Contact:
Y. Martin Lo

I. Progress report and principal accomplishments

i. Progress report (1-2 paragraphs)

Known to form thermo-reversible or irreversible gels via heating or addition of Ca2+ or Mg2+, curdlan gum, a microbial hydrocolloid, has been shown to offer distinct textural properties to a variety of food products.  In addition to forming highly viscous aqueous suspensions with shear-thinning properties, curdlan gum, composed of a three-dimensional structure stabilized by crosslinks that connect junction zones between molecules, is also capable of forming hydrogel complexes with other polysaccharides.  However, the stability of such complexes when subjected to temperature abuse remains uncharacterized.  

The objective of this study was to investigate the feasibility of using curdlan gum to form stable hydrogel complexes that are stable over multiple freeze-thaw cycles.  
Hydrogel complexes containing curdlan were prepared respectively with xanthan gum, locust bean gum, carrageenan, and guar gum at various combinations.  The hydrogels were stored at 4(C for 24 h and then subjected to five freeze-thaw cycles alternating between -16(C (18 h) and 25(C (6 h).  The rheological and textural attributes of the samples before and after each freeze-thaw cycle were evaluated.  

ii. Main accomplishments 

Curdlan-xanthan combination yielded the lowest yet most stable viscosity as well as the least syneresis over five freeze-thaw cycles among all samples.  Contrarily, curdlan-locust bean gum formed the firmest gel but also the highest syneresis, indicating incompatibility between the two, which led to the most significant losses of water-holding capacity during the freeze-thaw cycles.  Both G’ and G” remained relatively stable with hydrogels formed by curdlan-xanthan.  Curdlan in combination with xanthan at 2% (w/v) total concentration showed the most stable gel strength, whereas curdlan-carrageenan had the most significant variations.  Curdlan-guar combination showed predominant elastic prior to freeze-thaw treatment; however, the elasticity decreased as the cycles progressed.  

II. Impact statement (for non-specialized audiences)

Precise control of hydrogel complexes that provide texture stabilization over multiple freeze-thaw cycles will enhance the quality of existing products and enable development of new products.

III. Work planned for the next year (or indicate project completion)

i. Exploring new technologies capable of elucidating hydrogel structure changes during and after various freeze-thaw cycles.

ii. Acquiring visual evidence of hydrogel structure formed by various combinations of biopolymers against freeze-thaw cycles.

iii. Developing non-invasive, non-mechanical measurements indicative of hydrogel composition and/or strength.

IV. Publications and presentations 

i. Journal papers (follow style guide for JFS, copied below)

Williams PD, Sadar LN, Lo YM. 2007. Texture stability of hydrogel complex containing curdlan gum over multiple freeze-thaw cycles. J Food Sci (submitted)

ii. Abstracts, proceedings

Williams PD, Sadar LN, Lo YM. 2007. Texture stability of hydrogel complex containing curdlan gum over multiple freeze-thaw cycles. IFT Annual Meeting, Chicago, IL, July 28-August 1.

iii. Presentations 

iv. Other (i.e., media)

V. Collaborations

The research team will work with Dr. J.J. Yin at the FDA CFSAN to develop ESR technologies to evaluate hydrogel crosslinks and Dr. Gary Rubloff at the Maryland Nanocenter to assess the hydrogel strength using confocal microscopy.  Efforts to collaboratively develop hyperspectral imaging system for structure analysis are being sought with USDA BARC Food Safety Laboratory.

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

Title:
Effects of intermolecular interactions and molecular orientation on the flux behavior of xanthan gum solution during ultrafiltration.

Contact:
Y. Martin Lo

I. Progress report and principal accomplishments

i. Progress report (1-2 paragraphs)

The unique rheological properties of xanthan gum present to the processing industry both advantages and challenges, especially when changes of concentration are involved.  The intermolecular interactions among xanthan molecules have been recognized to affect the flow behavior of xanthan solutions, which changes with its concentration regimes.  However, due to the liquid crystalline properties of xanthan, the flow induced structural changes still constitute unsolved problems. 

The objective was to characterize the significance of hydrogen bonding on xanthan conformation and its corresponding rheology by understanding the molecular dynamics of xanthan solutions using rheo-optical approaches.  Xanthan solutions (0.25 to 2 wt%) were prepared in 0.1 M NaCl.  The contribution of hydrogen bonding to xanthan conformation was investigated by measuring the rheo-mechanical properties of xanthan solutions using Rheometrics SR-5000 with and without addition of urea (4 M in 0.1 M NaCl) as the hydrogen bond breaker.  The rheo-optical measurements were conducted using a Rheometrics ARES-LS rheometer with Optical Analysis Module (OAM, ( = 670 nm).  Birefringence values and orientation angles were measured at start-up, under shear, and during relaxation.

ii. Main accomplishments 

The effect of hydrogen bonding on xanthan rheology varied at different concentrations, with a decrease in significance as concentration increases.  The sharp increase in viscosity and relaxation time observed between 1 and 2 wt% suggests that the solutions were in the biphasic regime, a transition regime between isotropic and anisotropic.  Rheo-optical data showed that xanthan concentrations at 0.8 wt% and above violated the stress-optical rule.  The large and non-relaxing values of birefringence and strong flow orientation suggest the formation of ordered anisotropic domains at high concentrations, diminishing the significance of intermolecular hydrogen bonding.
II. Impact statement (for non-specialized audiences)

A better understanding of the effects of structural changes on the flow dynamics of xanthan solutions is crucial for industrial applications of the highly viscous polymer.  

III. Work planned for the next year (or indicate project completion)


The project is completed and the manuscript is currently under revision.

IV. Publications and presentations 

i. Journal papers (follow style guide for JFS, copied below)

Lo YM, Ziegler RC, Agrin-Soysal S, Hsu CH, Wagner NJ. 2007. Effects of intermolecular interactions and molecular orientation on the flux behavior of xanthan gum solution during ultrafiltration. J Food Eng (revised)

ii. Book chapter

Lo, Y.M. and P.K. Soma. 2007. Bioreactors for the Production of Xanthan Gum.  In: Heldman, D.R., A. Bridges, D.G. Hoover, and M.B. Wheeler (Eds.), Encyclopedia of Biotechnology in Agriculture and Food. New York, NY: Taylor & Francis.

V. Collaborations

The project is a collaborative effort with Dr. Norman Wagner, Chair of Chemical Engineering Department at the University of Delaware.

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

Title:
Effect of complexation conditions on xanthan-chitosan polyelectrolyte complex gels.

Contact:
Y. Martin Lo

I. Progress report and principal accomplishments

i. Progress report (1-2 paragraphs)

Hydrogels are crosslinked macromolecular networks capable of imbibing large amounts of water or biological fluids.  Ionically crosslinked hydrogels can be formed by using oppositely charged xanthan gum and chitosan.  Due to their high enzymatic resistance and pH-sensitive swelling characteristics, xanthan-chitosan hydrogels can be excellent candidates for encapsulation and the controlled release of food ingredients as well as probiotic cells.  Nevertheless, the applicability of xanthan-chitosan hydrogels is hindered without precise control of the crosslinking density, which is crucial to the performance of the hydrogels. 

The objective was to investigate the effects of complexation conditions on the swelling degree (α) of the xanthan-chitosan hydrogels as an indication of the crosslinking density of the network. Hydrogel capsules were formed by dropwise addition of xanthan gum into pH-controlled chitosan solution.  The effect of four complexation parameters, namely xanthan concentration (0.5-1.5% w/v), chitosan concentration (0.7 and 1.0% w/v), chitosan solution pH (4.5-6.3), and complexation time (40-120 min) were studied.  Freeze-dried xanthan-chitosan capsules were weighed and suspended in DI water overnight.  The capsules were filtered, blotted to remove surface water and weighed.  The values of α were calculated by dividing the mass of water absorbed by the capsule dry weight.  The averages of four replicates (10 capsules each) were reported.

ii. Main accomplishments 

The α value decreased sharply (~50%) with xanthan concentration increased from 0.5 to 0.7% at all pHs.  Further increase of xanthan concentration to 1.0 and 1.5% did not significantly reduce α, suggesting that liquid crystalline formation of xanthan does not hinder the crosslinking of two polymers.  The α value was less dependent on chitosan concentration than solution pH and xanthan concentration.  Increasing complexation time did not have a pronounced effect on α.

II. Impact statement (for non-specialized audiences)

Characterization of factors affecting the crosslinking density of the xanthan-chitosan network is critical in developing hydrogels with desired mechanical and controlled release properties.  The hydrogels have promising potentials as the encapsulating agent to protect probiotics against harsh processing conditions as well as the low pH in stomach in order to reach intestine in high numbers to provide health benefits.

III. Work planned for the next year (or indicate project completion)

Another graduate student is working on using the xanthan-chitosan hydrogels as the microencapsulating agent for probiotics with a novel encapsulation system.  Preliminary results are very promising showing effective protection (2 to 3 logs more survivals) of the microcapsules on probiotics over elevated temperature and low pH.  More results will be reported next year.

IV. Publications and presentations 

i. Journal papers (follow style guide for JFS, copied below)

Argin-Soysal S, Kofinas P, Lo YM. 2007. Effect of complexation conditions on xanthan-chitosan polyelectrolyte complex gels. Carb Res (submitted)

ii. Abstracts, proceedings

Argin-Soysal S, Lo YM. 2007. Effects of solution properties and complexation time on the swelling degree of xanthan-chitosan hydrogels. IFT Annual Meeting, Chicago, IL, July 28-August 1.

iii. Presentations 

iv. Other (i.e., media)

V. Collaborations

This project is a collaborative effort with Dr. Peter Kofinas of Bioengineering Department at the University of Maryland.

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

Title:
Portable biodetector integrating bioluminescent sensing cells with real-time signal acquisition and processing.

Contact:
Y. Martin Lo

I. Progress report and principal accomplishments

i. Progress report (1-2 paragraphs)

Bioluminescence reporter has advantageous properties such as rapid response, excellent sensitivity, and large dynamic range because the product of its pathway, light, can be detected.  Biosensors based on bioluminescence have the potential to become cost-efficient and very sensitive alternative to conventional methods in determining concentrations of different compounds.  However, application of the sensing cells is greatly hindered due to the need to use a bench-top luminometer, which lacks precise measurements over the total light intensity.  A portable unit integrating signal detection and processing is needed to enable field applications.

The objective was to develop a portable bioluminescence detection system integrated with laptop computer for data acquisition, computation, and reporting.  Six bioluminescent strains containing selected stress-responsive E. coli promoters fused to the Photorhabdus luminescens luxCDABE reporter were employed.  The system is consisted of a plano-convex focusing lens, a photomultiplier tube (PMT), an operational amplifier, a digital panel meter, and a triple-output power supply.

ii. Main accomplishments 

To ensure sufficient collection of bioluminescence, the lens has a surface area large enough to cover a petri dish to focus the signal onto the photocathode of PMT, with a ten-stage gain provided by a voltage divider.  A highly stable potentiometer is used to calibrate the output of reference voltage.  The PMT amplified voltage is displayed on a digital panel meter while being captured through a PCM-CIA connection to a laptop computer running a tailored program written in LabVIEW.  The output readings obtained were in agreement with those measured by bench-top luminometer and photon counter (R2 > 0.9).  

II. Impact statement (for non-specialized audiences)

A portable, easy-to-operate unit capable of real-time capturing and reporting of bioluminescence emitted by biosensing cells upon contact with target compounds should enable field applications of whole-cell biosensors to effectively detect pathogens, toxins or adulterations to ensure safe supply of food products.  

III. Work planned for the next year (or indicate project completion)

Our research has indicated that the panel of bioluminescent cells is capable of detecting harmful algal toxins, acrylamide, and Ephedrine alkaloids.  We plan to expand our work into detection of adulterations, an issue drawing global attentions in the last few months.

IV. Publications and presentations 

i. Journal papers (follow style guide for JFS, copied below)

Lo YM, Vargas AM, Blersch DM, Yang IC. 2007. Portable biodetector integrating bioluminescent sensing cells with real-time signal acquisition and processing.  Bioresource Technol (submitted)
ii. Abstracts, proceedings

Lo YM, Vargas AM, Blersch DM. 2007. Portable biodetector integrating bioluminescent sensing cells with real-time signal acquisition and processing.  CIGR Section VI – 3rd International Symposium: Food and Agricultural Products: Processing and Innovations, Sep. 24-26, Naples, Italy.

iii. Book chapter

Lo, Y.M., J. Wang, and G. Lala. 2005 (electronic); 2006 (hardcopy). Bioluminescence Sensors in Food Processing. In: Heldman, D.R. (Ed.), Encyclopedia of Agricultural, Food, and Biological Engineering. New York, NY: Taylor & Francis.

V. Collaborations

This project is a collaborative effort between the Bioprocess Engineering Lab directed by Y.M. Lo and the FDA CFSAN, Maryland Marine College at Horn Point, Maryland, and the Biological Resources Technology Department at the University of Maryland.

MICHIGAN STATE UNIVERSITY

2007 NC-1023 REPORT

Kirk Dolan, Bob 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.

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

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

Spray drying of grape and blueberry by-products.   Degradation of nutraceuticals in spray-dried blueberry and grape by-products was measured.  Antioxidant activity, measure by ORAC, was reduced 66-70% and 6-15% for blueberry and grape samples, respectively.  Total phenolics reduction for blueberry and grape samples was 8-17% and 8-19%, respectively.  Individual anthocyanidin reduction for blueberry and grape samples was 50-70% and 30-60%, respectively.  The experimental spray dried powders compared favorable to commercial blueberry powders.  Rate constants at 90ºC for anthocyanin reduction in blueberries ranged 0.03-.06 s-1

Testing the effects of meat product structure on microbial inactivation.  Although the composition of food products is known to affect the thermal resistance of foodborne pathogens in those products, much less is known about the effect of the physical state or prior thermal history of the product.  Specifically, the impact of muscle structure has been considered only recently, with several studies reporting enhanced thermal resistance in whole-muscle as compared to ground meat. The functional relationship between meat product structure and Salmonella thermal resistance has not been reported, and it is not known whether thermal resistance decreases with the degree of grinding.  Therefore, the objective of this study was to determine the relationship between thermal resistance of Salmonella and degree of grinding (whole-muscle, coarse-ground, fine-ground, and beef puree).  Each of the four product types was irradiated to sterility and inoculated with a marinade containing an eight-serovar Salmonella cocktail (108 CFU/mL).  Samples (5.00 ± 0.05 g) were packed into sterile brass tubes (12.7 mm diameter), sealed, and held in a water bath at 60°C for 8-11 durations (at 30 s intervals).  Internal sample temperature was monitored with a thermocouple.  Samples were then serially diluted and plated on Petrifilm™ aerobic count plates to enumerate surviving salmonellae.  All samples had the same composition, thermal history, and initial Salmonella counts; therefore, differences in thermal resistance were due entirely to the degree of grinding (i.e., product structure).  Overall, thermal resistance of Salmonella was higher (P<0.0001) in whole-muscle than in the other three products, but there were no differences among the other three products.

Modeling the effects of prior sublethal heating on Salmonella thermal resistance during beef cooking.  Sublethal heating also is known to have an effect on Salmonella thermal resistance. However, it has not yet been considered when validating thermal process compliance with regulations, which require a 6.5 log reduction for Salmonella in cooked and ready-to-eat beef products.  Therefore, the objective of this study was to determine the effect of cooking profiles (i.e., thermal history, including sublethal heating) on Salmonella thermal inactivation in whole-muscle beef. Small, irradiation-sterilized beef steaks were inoculated with an 8-strain Salmonella cocktail (~108 CFU/g) and subjected to 6  different cooking schedules (10 to 115 min) until 6.5 log reductions in Salmonella were predicted by traditional log-linear inactivation kinetics applied to real-time internal temperature data. The cooked samples were immediately cooled, serially diluted in peptone water and plated on PetrifilmTM aerobic count plates to enumerate survivors. The experimental results were compared to predictions from both a traditional model (D, z) and a recently-developed model accounting for the effect of sublethal thermal history on subsequent inactivation rate, such that the inactivation rate constant was a function of both the instantaneous temperature and the previous integrate thermal history within a critical injury-inducing temperature range.  Sublethal heating, occurring during slow heating profiles, significantly decreased (P<0.05) Salmonella inactivation.  Additionally, while the traditional model over-predicted lethality by as much as ~4 logs, the new model successfully predicted the outcome, being indistinguishable ((=0.05) from the experimental results for 4 out of 5 of the cooking treatments.

Deconstruction of errors that contribute to the total uncertainty of microbial growth models.  The objective of this study was to identify and quantify sources of uncertainty and variability in broth-based microbial growth models.  The total uncertainty of a model was assumed to be the aggregate contribution of errors due to organism, substrate, laboratory methodologies, replications, and primary and secondary regressions. The technique was tested using the Gompertz/response-surface growth models for Listeria monocytogenes from the USDA Pathogen Modeling Program. The total uncertainty was quantified as the root mean squared error (RMSE) between observed and predicted values. The experimental variability due to organism, substrate, and laboratory methodologies was neglected, because they were constants in the study.  To compute the error due to replication, the data were classified into treatments, depending on experimental conditions (pH, nitrite, salt, and temperature), and a 2-way ANOVA was applied (factors: treatment and time). To compute the uncertainty from the secondary regression, the upper and lower confidence limits of the log predictions were calculated by applying the upper and lower limits of the Gompertz parameters. The error from the primary regression was calculated by directly replacing the parameters obtained from the primary fit into the Gompertz equation, and then performing the RMSE. The total uncertainty was 1.35 and 1.62 log(CFU/ml) for aerobic and anaerobic conditions, respectively. For the same two conditions, the errors from the primary regression were 1.02 and 1.22 log(CFU/ml). The errors from the secondary regression were 1.48 and 1.42 log(CFU/ml), and the variability due to replications was 0.26 log and 0.21 log(CFU/ml).  Knowledge of the relative contribution of errors to the total uncertainty of a specific model can help prioritize efforts to minimize them and can enable users of predictive microbial models to more reliably apply predictive microbiology for risk assessment, process design, analysis, and validation. 

Physical and optical characterizations of liposomes.  Characterizations of liposomes formed by extrusion and sonication, two widely used methods for vesicle preparation, have been conducted. In particular, the issue of whether the properties of bilayers formed from liposomes prepared by the two techniques differ at the molecular and mesoscopic levels was addressed. We used the phospholipid 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC), with and without cholesterol, to form liposomes, incorporating 1-oleoyl-2-[12-[(7-nitro-2-1,3-benzoxadiazol-4-yl)amino]dodecanoyl]-sn-glycero-3-phosphocholine (18:1-12:0 NBD-PC) as an optical probe of dynamics.  Also, we measured the physical morphology of liposomes by transmission electron microscopy (TEM) and dynamic light scattering (DLS), and the rotational and translational diffusion of 18:1-12:0 NBD-PC by time correlated single photon counting (TCSPC) and fluorescence recovery after pattern photobleaching (FRAPP), respectively. The key findings were that, despite apparent differences in average size and size distribution, both methods of preparation produced liposomes that exhibit the same molecular scale environment.  The translational diffusion behavior of the tethered chromophore in planar bilayer lipid membranes formed from the two types of liposomes also yielded similar results. Thus, the molecular and nanoscale organization of the resulting bilayers, as sensed through the dynamics of a tethered chromophore, does not depend on the manner of liposome formation. Rather, the molecular scale organization of the bilayers is determined by interactions between the constituent species, which themselves do not depend on the manner in which the bilayer is formed.  This finding indicates that, all other factors being equal, data on bilayer systems formed by sonication can in fact be compared directly to data on bilayer systems formed by extrusion.

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

Modeling the transport of Salmonella into whole-muscle meat products during marination.  Recent research has shown that the assumption that the interior of intact whole-muscle meat products is sterile is not necessarily true for marinated products exposed to pathogens. A model was proposed to represent one-dimensional transport of Salmonella into whole-muscle meat products, assuming capillary diffusion of marinade (with changing capillary size) and capsule-like transport of the Salmonella cells along with the marinade. The model solution was stable and yielded reasonable relationships between input and output variables (i.e., moisture uptake and Salmonella migration). In experimental trials, the total mass uptake was very low, < 1%, but significant numbers of Salmonella entered the product (counts > 10 CFU/g at 4.5 cm from the surface in contact with marinade). However, the model did not predict the distribution of Salmonella in whole-muscle meat products during marination with sufficient accuracy to support the hypothesis regarding the underlying mechanism.  An alternative model must be considered before this approach can be applied to risk analyses for marinated meat products.

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

Computing confidence intervals for nonisothermal processes.  Statistical estimates of error for kinetic parameters and the dependent variable in nonisothermally heated foods are rarely given in the food literature.  The availability of sophisticated computer software allows us to gain much more information from the same data than we could previously.  The current application of this work was to microbial death data.  Confidence intervals and confidence regions for parameters, and prediction band for microbial numbers were computed using Matlab.  These methods and the results can help food processors improve food safety risk assessment, especially when data sets are limited.  For example, the prediction band shows where 95% of the microbial numbers are expected to lie.

Publications

Knowles A.F., Dolan K.D.  2007.  Experimental method to quantify residual sand in produce   method to quantify residual sand in asparagus.  Applied Engineering in Agriculture  23(3): 315-318. 

Dolan KD, Yang L, Trampel CP.  2007.  Nonlinear regression technique to estimate kinetic parameters and confidence intervals in unsteady-state conduction-heated foods.  J. Food Engineering 80(2):  581-593. 

Lapinski, M. M.; Castro_Forero, A.; Greiner, A. J.; Ofoli , R. Y.; Blanchard, G. J.  A comparison of liposomes formed by sonication and extrusion: rotational and translational diffusion of an imbedded chromophore. Langmuir (in press).

Powell MR, Tamplin M, Marks B, Campos DT.  2006.  Bayesian synthesis of a pathogen growth model:  Listeria monocytogenes under competition.  International Journal of Food Microbiology.  109:34-46. 

Theses and Dissertations

Mishra, D.  2007.  M.S. Thesis:  Kinetic parameter estimation for degradation of anthocyanins in grape pomace.  2007.  M.S. Biosystems Engineering.  Dept. of Biosystems and Agricultural Engineering.  Michigan State University.  East Lansing, MI.

Kar Lim Mitzi Ma, K.L.M.  2007.  M.S. Thesis:  Effects of spray drying on antioxidant capacity and anthocyanidin content of blueberry and grape by-products. M.S. Food Science.  Dept of Food Science and Human Nutrition.  Michigan State University.  East Lansing, MI. 

Mogollon M.  2007.  Effects of beef product structure and sublethal cooking history on Salmonella thermal inactivation.  M.S. Food Science.  Dept of Food Science and Human Nutrition.  Michigan State University.  East Lansing, MI. (pending)

Rochowiak JA.  2007.  Modeling the transport of Salmonella into whole-muscle meat products during marination.  M.S. Biosystems Engineering.  Dept. of Biosystems and Agricultural Engineering.  Michigan State University.  East Lansing, MI. 

IMPROVEMENT OF THERMAL AND ALTERNATIVE PROCESSES FOR FOODS 
2007 Progress Report

University of Minnesota
Roger Ruan

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. A patent application has been filed with the US P&T Office.

OBJECTIVE C. To identify and characterize transport mechanisms occurring in food processes.
Fast Imaging Techniques for small MRI Instrument

New effort is underway to develop fast imaging techniques for small MRI instruments. This effort is important to facilitating industrial use of low cost MRI instruments for monitoring food processes.  Major obstacles to be overcome include low signal to noise ratio of the low field system, low gradient response time, and other hardware issues, and the new software development for the low field system.

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

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

4. Develop new fast imaging techniques for studies of foods structure, and heat and mass transfer using small MRI machines

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

IV. PUBLICATIONS LIST

Peer-Reviewed Journal Publications, Books, Book Chapters, and Patents 

1. Lei, H., R. Fulcher, R. Ruan, B. van Lengerich. 2007. Empirical modeling of mean residence time in a co-rotating twin-screw extruder with rice flour. Cereal Chemistry. Accepted.
2. Yu, F., S. Deng, P. Chen, Y. Liu, Y. Wang, A. Olsen, D. Kittelson, R. Ruan. 2007. Physical and chemical properties of bio-oils from microwave pyrolysis of corn stovers. Applied Biochemistry and Biotechnology 136-140:957-970.
3. Lei, H., R. Fulcher, R. Ruan, B. van Lengerich. 2007. Assessment of color development due to twin-screw extrusion of rice-glucose-lysine blend using image analysis. J. of Food Science and Technology (L.W.T.) 40(7):1224-1231.
4. Yu, F., R. Ruan, P. Chen, S. Deng, Y. Liu, X. Lin. 2007.  Liquefaction of Corn Cobs with Supercritical Water Treatment. Transactions of ASABE 50(1):175-180.
5. Deng, S., R. Ruan, C. Mok, G. Huang, X. Lin, P. Chen. 2007. Inactivation of Escherichia coli on almonds using nonthermal plasma. J. Food Science. 72(2):M62-M66.
6. Lin, X., R. Ruan, R. Zhu, S. Deng, L. Chen, and P. Rao. 2006. Development of nonthermal plasma technology for nonthermal pasteurization of liquid foods. Food Science 27(2):57-61.

7. Lin, X., R. Ruan, P. Chen, M. Chung, X. Ye, T. Yang, C. Doona, and T. Wagner. 2006. NMR State Diagram Concept. J. of Food Science. 71(9):R136-R145.
8. Chen, W., Y. Gao, X. Lin, D. Xia, R. Ruan, S. Bai. 2006. Development of biodiesel byproduct glycerol refining technology. China Oils and Fats 31(5):62-64.

9. Ye, X., S. Wang, R. Ruan, J. Qi, C. Doona. 2006. Water mobility and mold susceptibility engineered wood products. Transactions of ASABE 49(4): 1159-1165.

10. Wang, N., W. Chen, X. Lin, C. He, R. Ruan, and J. Zhang. 2006. Applications of basic NMR/MRI pulse sequences in food research. Academic Periodical of Farm Products Processing 67:11-14, 22.

11. Chen, W., X. Lin, R. Ruan, X. He, R. Zhu, Y. Liu. 2006. Nondestructive evaluation of water in foods using NMR techniques. Food Research and Development 27(4):125-127.

12. Ouyang, H., X. Lin, R. Ruan, W. Chen, Q. Jiang, S. Bai, C. Li. 2006. Research progress in microemulsion of fuel oil. Renewable Energy 127:55-59.

13. Jiang, Q., Y. Liu, Z. Li, R. Ruan, A. Luo, X. Lin. 2006. Taxus bark atmospheric pressure rapid liquefaction process optimization using uniform design. J. Fujian Forestory Science and Technology 33(1):80-82.  

14. Tu, Z., W. Ren, R. Ruan, C. Liu, M. Li. 2006. Effect of instaneous high pressure treatment on physical properties of rice starch. Food Industry Science and Technology 27(5):103-105.

15. Tu, Z., J. Chen, C. Liu, W. Ren, R. Ruan. 2006. Rheological properties of homogenized carrot juice. Food Science 27(3):52-55.

16. Wang, J., C. Liu, H. Xiong, R. Ruan. 2006. Extraction of alkali-insoluable –glucans from yeast. Academic Periodical of Farm Products Processing 58:24-26.

17. Li, C. R. Ruan, X. Lin, W. Chen, A. Luo, J. Chen. 2006. Properties and applications of rhodotorula. Academic Periodical of Farm Products Processing 64:20-22, 25.

18. Li, D., C. Liu, W. Liu, R. Ruan. 2006. Use of cellular level pulverizing in Chinese medician processing. Academic Periodical of Farm Products Processing 58:46-48.

19. Lin, X. C. He, W. Chen, R. Ruan, J. Zhang. 2006. Study of effect of sucrose on molecular mobility of dough using NMR techniques. J. Chinese Institute of Food Science and Technology 6(1):30-34.

20. Tu, Z., Q. Wang, R. Ruan, M. Li. 2006. Effect of instaneous high pressure treatment on the functional characteristics of soy protein. Science and Technology of Food Industry 2006(1):66-67.

21. Chen, C., J. Zhang, R. Ruan, C. He, X. Lin. 2006. Application of MRI in pork quality evaluation. Meat Industry 297:11-14.

22. Tu, Z., J. Li, R. Ruan, C. Liu, H. Wang, X. Zhang. 2006. Development of high bioavailable dietary fiber from soybean meals. Food Science 27(7):144-147.

23. Ouyang, H. R. Ruan, X. Lin, Y. Liu, W. Chen., Q. Jiang. 2006. Review of the use of GI and RAG in healthy food evaluation. Modern Food Science and Technology 22(2):237-239, 222.

24. Mok, C. K. Song, Y. Park, R. Ruan, P. Chen. 2006. High hydrostatic pressure pasteurization of red wine. J. of Food Science 71(8):265-269.
25. Liu, C., Y. Zhong, W. Liu, R. Ruan, Y. Peng. 2006. RSM model development on effort of instantaneous high pressure on subtilis spore inactivation. Food Science 27(7):96-99.

26. Ruan, R. S. Bai, X. Lin, Y. Liu, S. Li, and Y. Gao. 2006. Effect of waste restraurant oil properties on biodiesel production procedure and quality. China Oils and Fats 31(4):65-68.

27. Yu, F., Y. Liu, X. Pan, X. Lin, C. Liu, P. Chen, and R. Ruan. 2006. Liquefaction of corn stover and preparation of polyster from liqufied polyol. Applied Biochemistry and Biotechnology 129-132:574-585.

28. Yu, F., R. Ruan, X. Lin, Y. Liu, R. Fu, Y. Li, P. Chen, and Y. Gao. 2006. Reaction kinetics of stover liquefaction in recycled stover polyol. Applied Biochemistry and Biotechnology 129-132:563-573.

29. Luo, A., Y. Liu, Q. Jiang, R. Ruan,  X. Lin, C. Liu. 2006. Progress on water-resistant soy based wood adhesive development. Academic Periodical of Farm Products Processing 67:15-18, 22.

30. Liu, Y., Q. Jiang, A. Luo, R. Ruan, C. Liu, D. Zhen, X. Lin. 2006. Effect of soy protein modification on the properties of the soy protein based adhesive. Forestry Science and Technology 31(4):48-51.

31. Liu, Y., Q. Jiang, R. Ruan, A. Luo, C. Liu, Z. Tu, X. Lin. 2006. Development of a two-step procedure for making water-resistant soy based wood adhesive. Soybean Science 25(3):259-264.

32. Jiang, Q., Y. Liu, D. Zhen, R. Ruan, X. Lin, W. Chen, and H. Ou Yang. 2006. Antiseptic research and development for wood and wood adhesive. J. of Fujian Forestry Science and Technology 33(2):164-168.

Patents

33. R. Ruan, S. Deng, P. Chen, X. Lin, and L. Metzger. 2006. Dielectric barrier reactor having concentrated electric field. US Patent Pending.

34. Addis, P., R. Ruan, J. Keenan, J. Oins, and D. Geleva. 2006. Medical and nutritional applications of highly refined cellulose. US Patent Application No: 60/329,255, Serial No.: 10/270,475.

35. Ruan, R., B. Lundberg, L. Gu, L. Chen, J. Johnson, and P. Addis.  2006.  Cellulose fiber compositions and films and their method of manufacture. US Patent No: 7,074,300. Issue date: July 11, 2006.

36. Ruan, R., H. Ma, P. Chen, S. Deng, X. Lin, D. Oyen, R. Bowman. 2006. Non-thermal disinfection of biological fluids using non-thermal plasma. US Patent No: 7,011,790. Issue date: March 14, 2006.
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Objective A 

Title: Protein-Protein Interactions in High Moisture-Extruded Meat Analogs and Heat-Induced Soy Protein 

Contact: Fu-hung Hsieh

I. Progress report and principal accomplishments

i. Progress report 

Two commercial soy protein isolates were made into fibrous meat analogs by high moisture extrusion or into gels by heating and cooling, at varying concentrations and/or temperatures.  Protein-protein interactions by extrusion or gelation were investigated through protein solubility studies of raw and finished products. All samples except for extrudates exhibited similar patterns of solubility in four selected extractants.  Phosphate buffer (PB) extracted the least amount of protein. Addition of dithiothreitol (DTT) to PB improved protein solubility, indicating the presence of disulfide bonds. PB+Urea and PB+Urea+DTT gave the highest and almost equal amount of extractable proteins from all samples, except that extrudates from which protein could not be extracted effectively by PB+Urea, implying that disulfide bonding was more pronounced during extrusion than gelation.   The results support our hypothesis that soy protein gels and extrudates both have the same types of chemical bonds, namely covalent disulfide bonds and non-covalent interactions. It is the relative proportion of each type of bonds in their structures that differentiates the two with respect to reversibility and structure rigidity.  In forming protein gels during heat-induced gelation, non-covalent bonds play a dominant role over disulfide bonds; whereas for forming the fibrous structure of protein extrudates, non-covalent bonds and covalent disulfide bonds are both important.

ii. Main accomplishments 

Based on the results, we have confirmed our hypothesis that soy protein gels and extruded soy protein meat analog both have the same types of chemical bonds, namely covalent disulfide bonds and non-covalent interactions. It is the relative proportion of each type of bonds in their structures that differentiates the two with respect to reversibility and structure rigidity.  In forming protein gels during heat-induced gelation, non-covalent bonds play a dominant role over disulfide bonds; whereas for forming the fibrous structure of extruded protein meat analog, non-covalent bonds and covalent disulfide bonds are both important.

II. Impact statement (for non-specialized audiences)

In the manufacture of protein meat analog, most of proteins must be made insoluble and given structural integrity and viscoelastic properties similar to those of meat. Yet, in spite of the rapid development of extrusion technology in the past several decades, the way proteins interact in this process is unclear and poorly understood at the molecular levels. This study contributed to new knowledge of protein interactions in extruded meat analog and protein gels.

III. Work planned for the next year (or indicate project completion)

Investigate the effect of high moisture meat analog extrusion on nutritional quality of soy protein 

IV. Publications and presentations 

i. Journal papers (follow style guide for JFS, copied below)

1. Yu QS, Huang C, Hsieh F, Huff HE, Duan Y. 2006. Bacterial inactivation using a low-temperature atmospheric plasma brush sustained with argon gas. Biomed Mater Res Part B 80B(1):211-9.

2. Wu W, Huff HE, Hsieh F. 2007. Processing and properties of extruded flaxseed-corn puff. J Food Proc Preserv 31(2):211-26.

3. Huang C, Yu QS, Hsieh F, Duan Y. 2007. Bacterial inactivation using a low temperature argon atmospheric brush with oxygen addition. Plasma Process Polym 4:77-87.

4. Tu Y, Kiatsimkul P, Suppes G, Hsieh F. 2007. Physical properties of water-blown rigid polyurethane foams from vegetable oil based polyols. J Appl Polym Sci 105(2):453-9.

5. Lee J, Yoon Y, Kim S, Pyo B, Hsieh F, Kim H, Eun J. 2007. Rapid prediction of amylose content of polished rice by Fourier transform near-infrared spectroscopy. Food Sci Biotechnol 16:477-481. 

6. Lee J, Kim J, Hsieh F, Eun J. 2007. Production of black rice cake using ground black rice and medium-grain brown rice. Intern J Food Sci Technol, in press.

7. Liu K, Hsieh F. 2007. Protein-protein interactions in high moisture-extruded meat analogs and heat-induced soy protein gels. J Am Oil Chem Soc, in press.

8. Losanoff JE, Basson MD, Gruber SA, Huff HE, Hsieh F. 2007. Single wires versus double wire loops for median sternotomy closure. An experimental biomechanical study using a human cadaveric model. Ann Thorac Surg, in press.

ii. Abstracts, proceedings

1. Ranasinghesagara J, Hsieh F, Yao G. 2006. Characterizing fiber formation in meat analogs using an anisotropic photon migration model. Optics East 2006 Conference and Exhibition, Bellingham, WA, Oct. 7-10.

2. Eo JH, Park M, Hsieh F, Eun JB. 2007. Effect of roasting temperature and time on physicochemical characteristics of roasted soybean powder. 233rd ACS National Meeting, Chicago, IL, Mar. 25-29.

3. Lubguban A, Suppes G, Hsieh F, Tu Y, Lozada Z. 2007. Production of new soy-based polyols by lipase-catalyzed hydrolysis of soybean oil. 11th ACS Green Chemistry and Engineering Conference, Washington, DC, June 26-29.

4. Lozada Z, Suppes G, Tu Y, Lubguban A, Hsieh F. 2007. Bodied soybean oil approach to soy-based polyols. 11th ACS Green Chemistry and Engineering Conference, Washington, DC, June 26-29.

5. Park M, Hsieh F, Choi O, Eun J. 2007. Effects of processing conditions on the physical properties of soy-rice cakes. Institute of Food Technologists Annual Meeting, Chicago, IL, Jul 28-Aug 1.

6. Yoon Y, Choi S, Hsieh F, Eun J. 2007. Characterization of aroma-active compounds of roasted soybean powder treated at different temperatures and times by SPME-GC-MSD. Institute of Food Technologists Annual Meeting, Chicago, IL, Jul 28-Aug 1.

iii. Theses 

1. James MB. 2007. Physical and chemical attributes of a defatted soy flour meat analog. MS thesis, University of Missouri-Columbia, MO.

 2. Adavalli S. 2007.  Extrusion and physicochemical properties of soy-whey meat analog. MS thesis, University of Missouri-Columbia, MO. 

V. Collaborations

NC 1023 NASA Station report

Station NASA
	Representative  Michele Perchonok
Affiliation         NASA/JSC
	Email   michele.h.perchonok@nasa.gov
Phone  281-483-7632
Fax:     281-483-7524



Objective A To identify and quantify important physical and biochemical properties of thermally processed foods and factors affecting these properties.  
Title:  Advanced Food Packaging Workshop

Contact:  Michele Perchonok

I. Progress report and principal accomplishments

The Advanced Food Packaging Workshop was conducted on September 25 – 27, 2007.  Twenty participants representing academia, government and industry attended.  Briefings on space food packaging, the Shuttle and International Space Station flight food systems, the Advanced Food Technology Project and the Constellation program were provided to the participants.  Information on currently available packaging materials and technologies, as well as developing materials and technologies, with potential application in space food systems were discussed.  Next steps are to write the final report and to determine what packaging technologies NASA will pursue.

II. Impact statement (for non-specialized audiences):  

Retorted products will not provide the required 5-year shelf life for Mars missions.  Other processing methods to commercial sterility will need to be considered.

III. Work planned for the next year 

The final report will be completed in January 2008.  A potential call for proposals may follow also.

IV. Publications and presentations 

Aaron Brody is planning to focus his next Food Technology column (November or December) on the Advanced Food Packaging Workshop.

V.  Collaborations:  

Advanced Food Packaging Workshop attendees were from Virginia, New Jersey, and Texas (university representatives).  

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

Title:  Thermostabilized Accelerated Shelf Life Study

Contact:  Michele Perchonok

I. Progress report and principal accomplishments

Thirteen NASA thermostabilized (retorted) items have been placed in accelerated shelf life testing.  Six items have completed the 3 year test and seven are still on-going.  Shelf lives are estimated based on the sensory and analytical results throughout the three year study and extrapolation of the data based on assumed Q10 values.  Most of the items have a shelf life of 48 months at 72oF which will not meet the 5-year shelf life for the Mars missions.

Three bulk ingredients, cocoa powder, dried egg whites, and corn starch, completed a three year accelerated shelf life study.  All three items successfully passed the shelf life test after three years, even at the 95oF temperature.

II. Impact statement (for non-specialized audiences)  

Retorted products will not provide the required 5-year shelf life for Mars missions.  Other processing methods to commercial sterility will need to be considered.

III. Work planned for the next year 

This study will be completed in 2009.  Testing will continue on the seven on-going products.

IV. Publications and presentations 

Presentations:

The Challenges of Developing a Food System for a Mars Mission

· September 20, 2007 – Dogwood IFT Section in North Carolina

· March 30, 2007 – University of IL

· April 12, 2007 – Indiana IFT Section

Publications

· World of Food Science – October issue will feature the NASA research and has authors from Indiana, Florida, Iowa, California, and Ohio.  To be published in Oct/Nov 2007.

A. Shand, J. Gandolph, A. Stoklosa, A. Ma, I. Weiss, D. Alexander, M. Perchonok, L.J. Mauer Foods for a Mission to Mars: Investigations of Low Dose Gamma Radiation Effects and Equivalent System Mass (Indiana, NASA)

B. J. Gandolph, G. Chen, I. Weiss, D. M. Perchonok, W. Wijeratne, S. Fortune, C. Corvalan, O. Campanella, M. Okos, and L.J. Mauer. Foods for a Mission to Mars: Equivalent System Mass and Development of a Multipurpose Small-Scale Seed Processor (Indiana, NASA)

C. Wilson, L.A., Perchonok, M.H., French, S.J. Influence of Low Level Irradiation of Soybeans on the Quality of Soyfoods during Mars Missions (Iowa, NASA)

D. Perchonok, M.H. NASA Packaged Food Systems

E. Other articles from UC Davis, OSU and others?

· Habitation article – collaboration between Indiana and NASA

Veillard, P.V., Moraru, C. Perchonok, M.H., and Kokini, J.L. 2007. Bread Baking Quality of Apogee Whole Wheat Flour.  Habitation 11(3): 123-132.

V. Collaborations

Ohmic Heating – As a potential food warmer for NASA missions (see Ohio report)
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Objective A: 

Develop a near-infrared (NIR) hyperspectral imaging system to predict aged, cooked-beef tenderness.

Contact:

Jeyamkondan Subbiah, 

University of Nebraska, 

Lincoln, NE 68583-0726

Ph/Fax: 402-472-4944/6338

I. Progress report and principal accomplishments

i.  Progress report (1-2 paragraphs)

Beef tenderness is an important quality attribute for consumer satisfaction.  A NIR hyperspectral imaging system (λ: 900 - 1700 nm) was tested for its ability to forecast 14-day aged, cooked beef tenderness from the hyperspectral images of fresh ribeye steaks acquired at 3 to 5 day postmortem.  Principal component analysis (PCA) was conducted to reduce dimension along the spectral axis.  Gray-level co-occurrence matrix analysis was conducted on PCA images to extract textural features.  A canonical discriminant model was developed to classify carcasses into three tenderness categories based on textural features.  

ii. Main accomplishments 

A hyperspectral imaging system with a diffuse lighting system has been developed to forecast cooked-beef tenderness from the images of fresh beef steaks.  The model forecasted three tenderness categories with an accuracy of 77%.

II. Impact statement (for non-specialized audiences)

Currently, the USDA beef grading system does not incorporate a direct measure of tenderness, because there is no accurate, rapid, nondestructive method for predicting tenderness available to the beef industry.  This project developed a non-invasive method to predict aged, cooked beef tenderness.

III. Work planned for the next year (or indicate project completion)

Aging introduced more variation and the accuracy of forecasting tenderness is less than that of predicting current status of tenderness.  In order for a technology to be robust and successful for tenderness prediction, it has to measure muscle structure at the time of scanning and biochemical activity that would change the muscle structure during aging.  It is critical to understand, what biochemical and physical properties of muscle the hyperspectral images are measuring.  We are planning to conduct an experiment with the objective of determining the relationship between hyperspectral images and muscle (physical and biochemical) characteristics such as slice shear force values, sarcomere length, proteolysis, collagen content (connective tissue amount), pH, marbling score, and fat content.  This will help in fine-tuning the models to improve accuracy.

IV. Publications and presentations 

G. Konda Naganathan, L. Grimes, J. Subbiah, C. Calkins, and A. Samal.  2007.  Chemometric Modeling of Hyperspectral Data for Beef Tenderness Prediction.  Paper No. 073027, Annual ASABE International Meeting, Minneapolis, MN.

G. Konda Naganathan, L. Grimes, D. Jones, G. Meyer, J. Subbiah, C. Calkins, and A. Samal.  2007.  Adaptive neuro-fuzzy inference system for beef tenderness prediction using near-infrared reflectance spectroscopy.  Paper No. 225-03, IFT Annual Meeting and Food Expo, Chicago, IL.

V. Collaborations

None.

Objective A  (2 nd report, if any)

Title: Develop NIR spectroscopy to detect yolk contamination in egg white.

Contact:

Jeyamkondan Subbiah, 

University of Nebraska, 

Lincoln, NE 68583-0726

Ph/Fax: 402-472-4944/6338

I. Progress report and principal accomplishments

i.  Progress report (1-2 paragraphs)

Purified egg white is an important ingredient to many baking and confectionary foods.  Minimal contamination of egg yolks in egg whites (even at 0.1%) can seriously decrease the foaming ability of the egg whites, the desired property.  The objective of this project was to develop a high sample throughput method for determining the yolk contamination.  Because the lipids in the egg yolks are largely responsible for the degradation in performance, near-infrared (NIR) spectroscopy method was developed and evaluated in this study.  

Eggs were broken by hand and the egg whites and egg yolks were separated.  Several levels of contaminated samples were prepared by mixing a known amount of yolk to 100 g of egg white.  The sample was then mixed thoroughly to spread the yolk evenly throughout the white.  Contamination levels ranged from uncontaminated up to 0.25%.  Near-infrared spectra was collected in transmission mode using quartz cuvettes with 10 mm pathlength.  Each sample will be equilibrated to ambient temperature prior to collection of spectral data, and the sample chamber of the spectrometer was maintained at 26° C to minimize spectral intensity variations resulting from temperature fluctuations.  

ii. Main accomplishments 

Chemometric analysis was performed to developed partial least squares regression models to quantify yolk contamination in egg white.  The R2 value ranged from 0.85 to 0.90 for various data pre-treatment for NIR spectra.

II. Impact statement (for non-specialized audiences)

Mechanized egg breaking increases the risk of yolk contamination in egg white.  Old methods of determining yolk contamination are slow and require an experienced technician.  A rapid, nondestructive method using NIR spectroscopy has been developed to quantify yolk contamination in egg white with high accuracy.

III. Work planned for the next year (or indicate project completion)

Project Completion.

IV. Publications and presentations 

Isaac Mortensen, Jeyamkondan Subbiah, Randy Wehling, and Vicki Schlegel.  2007.

Predicting yolk contamination in egg white using near- and mid-infrared spectroscopy.  Presented at the ASABE annual meeting.

V. Collaborations

None.

Objective A
Title: Inactivation of E. coli in apple juice using combined UV and pulsed electric field treatment

Contact:

Jeyamkondan Subbiah, 

University of Nebraska, 

Lincoln, NE 68583-0726

Ph/Fax: 402-472-4944/6338

I. Progress report and principal accomplishments

i.  Progress report (1-2 paragraphs)

Apple juice inoculated with Escherichia coli ATCC 23472 was processed using continuous ultraviolet (UV), high-voltage pulsed electric field (PEF) and a combination of PEF and UV treatment systems.  Apple juice was pumped through either of the system at 3 flow rates (8, 14 and 20 mL/min) using a peristaltic pump.  E. coli inactivation was evaluated as a function of length of UV treatment chamber at different flowrates. E. coli was reduced by 3.46 log CFU/mL when exposed to 50 cm length of UV treatment chamber at 8 mL/min. The effect of electrical field strength and pulse number for PEF system on microbial inactivation was evaluated.  E. coli population reductions of 4.87 log CFU/mL were observed with an electric field strength of 60 kV/cm and approximately 11 pulses with an average pulse width of 3.5 s.  E. coli reductions resulting from a combination treatment of UV and PEF applied sequentially were evaluated.  Additive effect was observed for the combination treatments (PEF and UV), with similar reductions observed for PEF followed by UV combination treatment and vice versa. Maximum E. coli reduction of 5.33 log CFU/mL was achieved using electrical field strength of 60 kV/cm and 11 pulses per treatment volume and UV treatment length of 50 cm (treatment time 2.94 s) with a flow rate of 8 mL/min.

ii. Main accomplishments 

A PEF and a UV system have been designed, fabricated, and evaluated for microbial inactivation.  Only additive effect was found between the two systems.

II. Impact statement (for non-specialized audiences)

By combining two nonthermal methods, less intense treatment can be used to achieve a high quality, microbiologically-safe food product.  

III. Work planned for the next year (or indicate project completion)

Combination effects with other nonthermal technologies such as ultrasound and dense-phase CO2 has been planned.  

IV. Publications and presentations 

Saurabh  Kumar, Tanya Kirilova Gachovska, Harshavardhan Thippareddi,  Jeyamkondan  Subbiah, Frazer  Williams. 2007.  Inactivation of E. coli in apple juice using combined UV and pulsed electric field treatment.  Presented at the 2007 ASABE meeting.
V. Collaborations

None.

Objective B 

Title: Develop an integrated heat transfer and microbial model to predict the growth of Salmonella Enteritidis in shell eggs during cooling.

Contact:

Jeyamkondan Subbiah, 

University of Nebraska, 

Lincoln, NE 68583-0726

Ph/Fax: 402-472-4944/6338

I. Progress report and principal accomplishments

i.  Progress report (1-2 paragraphs)

Presence of Salmonella Enteritidis (SE) is a major concern for safety of shell eggs.  Temperature abuse during storage of shell eggs can lead to growth of these bacteria to a harmful level.  In this study, an integrated model of dynamic growth of SE and heat transfer in shell egg was developed to predict the growth of SE based on the dynamic temperature distribution inside the shell egg during storage.  The dynamic growth model of SE in shell eggs was developed and validated using Baranyi and modified Ratkowsky’s equations predicting the growth over the entire bio-kinetic range of temperature which SE can grow. To study the temperature distribution inside the shell egg while being stored at low temperatures, a two-dimensional axisymmetric transient heat transfer model was developed and validated using a finite element method in FEMLAB software.  Finally, an integrated model of the above two models was developed to predict growth SE during chilling and storage of shell eggs.

ii. Main accomplishments 

A dynamic microbial growth model has been developed and validated.  A heat transfer model for chilling of single egg has been developed.  A wind tunnel has been custom-designed and fabricated to validate the heat transfer model.  

II. Impact statement (for non-specialized audiences)

The USDA-FSIS published “Draft Risk Assessments of Salmonella Enteritidis in Shell Eggs and Salmonella spp. in Egg Products” to evaluate the risk management options and to determine performance standards for Salmonella spp. destruction during processing.  This project addresses the research needs identified by the risk assessment model for developing microbial growth model and heat transfer model. 

III. Work planned for the next year (or indicate project completion)

The integrated model will be validated by placing eggs on a wind tunnel in which air velocity, temperature, and humidity are controlled.  During the chilling process, eggs will be removed at various time periods for microbial enumerations.  The heat transfer model will be extended to determine cooling rates of egg in a pallet.

IV. Publications and presentations 

Gumudavelli, V., J. Subbiah, H. Thippareddi, and P.R. Velugoti. 2007. Dynamic Predictive Model for Growth of Salmonella Enteritidis in Egg Yolk. Journal of Food Science.  2 (7), M254–M262.

Vinod Gumudavelli, Jeyamkondan Subbiah, Harshavardhana Thippareddi, and Curtis L. Weller.  2007.  Development of an Integrated Model of Dynamic Growth of Salmonella Enteritidis and Heat Transfer in Shell Eggs.  Presented at IFT Annual Meeting and Food Expo, Chicago, IL.

V. Collaborations

Marcos X. Sánchez, Texas A & M University.

Station:  New Jersey Agricultural Experiment Station 

	Representative: Mukund V. Karwe 

Affiliation       : Rutgers University
	Email : karwe@aesop.rutgers.edu
Phone : (732) 932-9611 ext 224
Fax     : (732) 932-6776




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. 

   No project in this area.

Objective B 

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

Title: Define and determine target release rate for controlled release packaging (CRP).

Contact: Kit L. Yam (yam@aesop.rutgers.edu)

I. Progress report and principal accomplishments:

The overall goal of our research project is to develop a new generation of packaging materials, known as controlled release packaging (CRP), which can release active compounds such as antioxidants or antimicrobials in a controlled manner to enhance the safety and quality of food. The objective of this research is to develop a new concept called “target release rate of antioxidant for CRP”, defined here as the optimum rate at which an antioxidant must be released from a food package in order to replenish the antioxidant consumed in reaction and to maintain an adequate concentration in the food for inhibiting active lipid oxidation until the end of shelf-life of the food. 

Natural antioxidant tocopherol (vitamin E) was used as an example of active compounds. A precise syringe pump was used to add tocopherol at predetermined rates (e.g., 50, 75, 100 ppm tocopherol per day) to a fixed volume of linoleic acid. Tocopherol degradation and lipid oxidation of linoleic acid were measured as a function of rate of tocopherol addition, time, and temperature. UV spectrophotometer was used to measure conjugated dienes (oxidation products) at 234nm to determine the length of induction period of lipid oxidation. The induction period is used to predict the shelf life of food. 

It was found that the optimum release rate of tocopherol was around 75ppm/24hour at 40°C. This result proved the concept of target release rate as an optimum rate which provides the longest induction period (shelf life). 

Five different polymer films (100%PE, 100%PP and three polymer blends of PE and PP) containing tocopherol were produced using full scale cast-film line at Pliant Company (WI). Extraction study showed that all films produced contained above 2700ppm tocopherols (over 3000ppm added tocopherols). Over time, tocopherols were released from films at rates controlled by film compositions and extended the induction period of lipid oxidation longer than control (no tocopherol) at 23 and 40˚C. The extension of induction period increased with the slow down of release rates of films. This result demonstrated that we can achieve target release rate by manipulating the polymer compositions of film. 

II. Impact:

The knowledge gained from controlled release study will provide predictive guidance for producing CRP films for food packaging applications and allow significant advances in food industry to enhance food safety and quality and related area such as control release technology for pharmaceutical delivery.

III. Work planned for the next year: 

(1) In the controlled release study, we will develop kinetic models for the release of tocopherols and test them with real foods. (Contact: yam@aesop.rutegrs.edu)

(2) In another research we will investigate procyanidin content and sensory characteristics (color and flavor) of high hydrostatic pressure processed (HHPP) juice as compared to thermally treated and untreated cranberry juice. Pressure range used for this study is 270-540 MPa (40,000-80,000 psi). (Contact: karwe@aesop.rutgers.edu)

Objective C 

To identify and characterize transport mechanisms occurring in food processes.

No work in this area.

Objective D

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

Title: Numerical simulation of thermal transport in a high hydrostatic pressure food processing vessel.

Contact: Mukund V. Karwe (karwe@aesop.rutgers.edu)

I. Progress report and principal accomplishments

The objective of this research was to carry out numerical simulation of thermal transport in pressurizing medium (water) during high hydrostatic pressure processing (HHPP) at room temperature and higher initial temperature so as to predict its effect on temperature distribution.

Although high pressure processing is termed as a non-thermal technology, it has some inevitable temperature variation associated with it. When pressure is applied on a food material, heat is generated which is termed as adiabatic heating. The amount of heat generated differs for food products based on their composition. At an initial temperature of 25°C water shows an increase of 2°C/100MPa whereas oils and fats show higher compression heating values of about 9°C/100MPa due to their higher compressibility, lower thermal conductivity and lower heat capacity. The heat generated is continuously dissipated and exchanged with the pressurizing medium and the thick vessel wall. This heat loss at the wall and natural convection flow due to density differences between hot and cold regions near the wall gives rise to non-uniform temperature distribution. Numerical simulation of fluid flow and heat transfer in a 10 liter high pressure vessel located at Rutgers HHPP facility was carried out using computational fluid dynamic software Fluent®. Temperature was measured at three different locations in the pressurizing medium.

Results showed that temperature distribution in the pressurizing medium becomes non-uniform during the high pressure process and this non-uniformity tends to increase with increasing initial temperatures. Numerical predictions were validated using experimental data.

II. Impact:

The temperature and its distribution in the vessel are of most relevance when a combination of high pressure and high temperature is needed to inactivate spores which are resistant to high pressure alone. We have shown that the temperature distribution during HHPP becomes non-uniform and this non-uniformity increases with increasing initial temperature, therefore, non-uniform temperature in the vessel can lead to non-uniform inactivation of spores. 

III. Work planned for the next year:

We will continue to carry out the numerical modeling of the high pressure process to further include in the model the changing physical properties of water with rising pressure and temperature. Effect of orientation of vessel and food material on temperature distribution inside the vessel will be analyzed. Also, attention will be given to develop ways to reduce the non-uniformity in temperature in the vessel as by modifying the food package.   

IV. Publications and presentations 

1. Karwe, M.V., and Khurana, M., “Numerical simulation of temperature distribution and estimation of transient temperature lag in a high hydrostatic pressure food processor,” CIGR Section VI International Symposium on Food and Agricultural Products: Processing and Innovations, Naples, Italy, 2007.
NC 1023 Station report:

Station ___NY-Ithaca_____________

	Representative__Ashim Datta________

Affiliation       __Cornell University_____
	Email   _akd1@cornell.edu______

Phone  __(607)255-2482________

Fax:     __(607)255-4080________




Objective A 

Title: Modeling and Simulation of Food Processes

Contact: Ashim Datta

I. Progress report and principal accomplishments

i. Progress report 

The broad umbrella of ongoing work, whose eventual goal is to make modeling as part of computer-aided food manufacturing can be grouped into two areas—1) mathematical modeling and validation of a number of complex food processes and under various heating modes such as hot air, microwave and their combinations; 2) Development of an interface for simulation of food safety.

In 1), a model for frying has been completed, among other items.  A fundamental-based model of the frying process that can also be solved in a commercially available software would provide tremendous benefit to design of fried food products and frying processes by making the power of simulation available for design. Quality and safety issues such as crust development, oil pickup and acrylamide formation can be addressed with such a model.  However to achieve the above without sacrificing the fundamental physics behind the process, significant reformulations are needed, that require mathematical as well as physical insight into the process. An improved multiphase porous media model involving heat and mass transfer has been developed and solved numerically with careful consideration given to selection of input parameters.  Non-equilibrium formulation for evaporation is used which describes the physics better and is easier to implement in a typical CFD software as it can explicitly express the evaporation rate in terms of concentration of vapor and temperature. External heat transfer and mass transfer coefficients are estimated to accurately reflect the different frying phases, i.e., the non-boiling phase and surface boiling and falling rate stages in the boiling phase. 

In 2) the objective is to integrate the most powerful and versatile fundamental-based simulation of food processes with the best known prediction models available for microbiological growth and inactivation to provide a tool that predicts the safety and risk parameters for many different food processes.  Process models for a number of food processes (e.g., frying, sterilization, etc.) have been developed using a commercial finite-element based software. The process simulations are integrated with various databases such as USDA composition database to get the composition of food, a food property database and a chemical and microbiological database. A user friendly GUI is built on top of the commercial software to make the software interactive and easy to use. The integration with various databases and the user-friendly interface makes the software unique and a useful tool to a much broader user base covering research, education and Extension. 

ii. Main accomplishments 

Significant accomplishments of the past year include: 1) A comprehensive model of radiant heating in an oven; 2) Successful implementation of a multiphase porous media transport model for deep frying and meat cooking—two of the most challenging processes due to multiple phases (water, vapor, oil) and rapid evaporation; 3) Combination heating under multiple modes (hot air, microwave, infrared); 4) Initial development of a userfriendly simulation software that integrates process model and microbiological safety, allowing simulation of what-if scenarios in food microbiological safety.

II. Impact statement (for non-specialized audiences)

Computer simulation of a food process can be an important tool to food product, process and equipment designers by reducing the amount of experimentation and by providing a level of insight that is often not possible experimentally.  Such simulation capability can provide a significant boost to the productivity in food manufacturing that is yet to benefit from this technology, unlike many other manufacturing processes where the use of simulation technology is routine.  We are trying to enable this simulation technology for food processing by solving many physics and integration challenges that are unique to food manufacturing.  Eventually, simulation capabilities will allow quick checking of “what-if” scenarios for 1) unintended contamination and sabotage in food safety and 2) maximization of food quality.  The work in the past year centered around modeling of two of the most complex processes—deep frying, meat cooking and radiant heating in an oven.

III. Work planned for the next year

Work planned for next year include: 1) Inclusion of shrinkage in meat cooking; 2) Completion of the first phase of interface development for the simulation software for food safety that includes a number of complex processes such as meat cooking as well as some of the simpler processes; 3) Visit to a number of industries to identify their needs and incorporate at least some of the needs into the software.

IV. Publications and presentations 

Book and Book chapters

Sablani, S. S., A. K. Datta, M. S. Rahman and A. S. Mujumdar, editors.  2007. Handbook of Food and Bioprocess Modeling Techniques. CRC Press, Taylor & Francis Group, Boca Raton, Florida.  ISBN 0-8247-2671-5. 605 pages

Verboven, P., A. K. Datta and B. M. Nicolai.  2007.  Computation of airflow effects in microwave and combination heating.  In Computational Fluid Dynamics in Food Processing.  Edited by D.-W. Sun.  Taylor & Francis, Boca Raton, Florida

Datta, A. K. 2006. Physics-based models in food processing: Heat transfer.  In Handbook of Food and Bioprocess Modeling Techniques.  Edited by S. S. Sablani, A. K. Datta, M. S. Rahman and A. S. Mujumdar. Taylor & Francis, Boca Raton, Florida

Datta, A. K. and S. S. Sablani. 2006. Overview of mathematical modeling techniques in food and bioprocesses.  In Handbook of Food and Bioprocess Modeling Techniques.  Edited by S. S. Sablani, A. K. Datta, M. S. Rahman and A. S. Mujumdar. Taylor & Francis, Boca Raton, Florida.

Journal Papers

Halder, A., A. Dhall and A. K. Datta. 2007.  An Improved, Easily Implementable, Porous Media Based Model for Deep-Fat Frying. Part I: Problem Formulation and Input Parameters. Accepted in the Transactions of the Institution of Chemical Engineers.

Halder, A., A. Dhall and A. K. Datta. 2007.  An Improved, Easily Implementable, Porous Media Based Model for Deep-Fat Frying, Part II: Results, Validation and Sensitivity Analysis.  Accepted in the Transactions of the Institution of Chemical Engineers.

Geedipalli, S. S. R., V. Rakesh and A. K. Datta. 2007. Modeling the heating uniformity contributed by a rotating turntable in microwave ovens. Journal of Food Engineering, 82:359-368.

Halder, A., A. K. Datta and S. S. R. Geedipalli. 2007.  Uncertainty in thermal process calculations due to variability in first-order and Weibull parameters.  Journal of Food Science, 72(4):E155-E167.

Lee, S. H., A. K. Datta and M. A. Rao.  2007.  How does cooking time scale with size?  A numerical modeling approach.  Journal of Food Science, 72(1):E1-E10.

Tremeac, B., M. Hayert, A. K. Datta, A. Le Bail, N. Moes.  2006.  Thermal stresses during freezing of a two-layer food.  Submitted to the International Journal of Refrigeration.

Datta, A. K.  2007.  Porous media approaches to studying simultaneous heat and mass transfer in food processes.  I: Problem formulations.  Journal of Food Engineering. 80(1): 80-95.

Datta, A. K.  2007.  Porous media approaches to studying simultaneous heat and mass transfer in food processes.  II: Property data and representative results.  Journal of Food Engineering. 80(1):96-110.

Datta, A. K., S. Sahin, G. Sumnu and S. O. Keskin.  2007.  Porous media characterization of breads baked using novel heating modes.  Journal of Food Engineering. 79( 1):106-116.

Sumnu, G., A. K. Datta, S. Sahin, S. O. Keskin and V. Rakesh.  2007.  Transport and related properties of breads baked using various heating modes.  Journal of Food Engineering, 78 (4): 1382-1387.

Presentations

Halder, A., A. Dhall, A. K. Datta, G. Black,  P. M. Davidson.  2007.  A predictive software for food safety.  Presented at the IFT Annual Meeting, Chicago, IL, July 28-August 1.

Halder, A., A. Dhall and A. K. Datta.  2007.  Multiphase, porous media modeling of frying process with non-equilibrium evaporation formulation. Presented in Institute of Biological Engineering Annual Meeting 2007, St. Louis, Missouri, Mar 29-Apr 1.

Halder, A., A. Dhall and A. K. Datta.  2007.  Modeling of frying and related processes involving strong evaporation: A porous media approach. Presented at the IBE Annual Meeting, St. Louis, Missouri, Mar 29-Apr 1.

V. Collaborations

Objective C

Work is ongoing with California station in modeling and experimental validation (using MRI) of temperature and moisture transport in microwave combination heating.

Objective D

The critical step in modeling is often in PROBLEM FORMULATION rather than how to solve the equations.  It requires excellent understanding of the physical process to be able to simplify it.  NC 1023 group collectively has the most expertise in this area of any group in the country.  We can put together an unique resource that is easily available to industry and academia.

It was suggested last year that this type of collaboration could go very well in the Wiki based software.  After considerable effort, a Wiki has been implemented that is easily changeable (particularly the equations) by the stations (or anyone else, if we permit).  During the development phase, this Wiki is at http://commune.cit.cornell.edu/wikis/foodmodel/index.php/Main_Page that the members are encouraged to try and contribute.  We plan to populate this Wiki further, depending on the member station’s interests.

Station North Carolina
	Representative K.P. Sandeep
Affiliation       North Carolina State Univ.
	Email   kp_sandeep@ncsu.edu
Phone  919-515-2957
Fax      919-515-7124



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

Title: Effects of High Pressure Processing on Selected Biochemical and Microbial Activities in Human Milk

Contact: Brian E. Farkas, Ph.D.

Department of Food Science

North Carolina State University

Box 7624, Raleigh, NC 27695

Phone: 919-513-2096

Fax: 919-515-7124

Email: befarkas@ncsu.edu

I. Progress report and principal accomplishments

Banked human milk is processed using Low Temperature Long Time pasteurization, also known as Holder pasteurization.  This treatment inactivates pathogenic microorganisms, but degrades important biochemical components.  The kinetics of high pressure processing (HPP) favor the reduction of pathogens with retention of biochemical activity and nutritional quality of foods.

The objective of this study was to investigate the effects of HPP on total Immunoglobulin A (IgA) and lysozyme activity in human milk and to investigate the efficacy of HPP for inactivation of selected bacterial pathogens in human milk.

Human milk was subjected to 400 MPa for 30 to 120 minutes or heat-treated at 62.5°C for 30 minutes. Before and after processing, an indirect modified Enzyme Linked Immunosorbent Assay (ELISA) and a Micrococcus lysodeikticus turbidimetric assay were performed to measure IgA immunoactivity and lysozyme activity, respectively.

Human milk was also inoculated with one of five pathogens (108-109 CFU/ml), while 0.1% peptone solution solutions with the same levels of each organism were used as controls.  The samples were subjected to 400 MPa at 21 to 31°C for 0 to 50 min.  Tryptic soy agar and selective media were used for enumeration.  

Pressure-treated samples retained significantly higher (p<0.05) levels of IgA and lysozyme activity compared to LTLT-treated samples.

Traditional thermal pasteurization resulted in inactivation (>7-log10) of all pathogens within 10 min.  In human milk and in peptone solution, a 6-log10 reduction was achieved after 30 min of HPP for Staphylococcus aureus ATCC 6538.  After 30 min, S. aureus ATCC 25923 was reduced by 8-log10 and 6-log10 in human milk and peptone solution, respectively.  Treatments of 4 min and 7 min resulted in an 8-log10 inactivation of Streptococcus agalactiae ATCC 12927 in human milk and peptone solution, respectively, while Listeria monocytogenes ATCC 19115 required 2 min for an 8-log10 inactivation in human milk. Escherichia coli ATCC 25922 was inactivated by 8-log10 after 10 min in peptone solution and by 6-log10 after 30 min in human milk.

These data suggest that HPP is a potential alternative to thermal pasteurization of human milk that can give greater retention of some bioactive components while reducing the presence of pathogenic microorganisms. Further research should evaluate the efficacy of HPP in the inactivation of relevant viral pathogens.

II. Impact statement (for non-specialized audiences)


Thermal pasteurization assures the safety of banked human milk; however, heat can destroy important nutritional biomolecules.  High pressure processing (HPP) shows promise as an alternative for pasteurization of breast milk. Our data suggest that HPP may be a viable alternative for pasteurization of human milk.  The process has shown to inactivate microbial pathogens and produce product with improved bioactivity. Further research is needed to evaluate its efficacy in the inactivation of relevant viral pathogens and establish recommended processing times that result in reliable inactivation of all relevant pathogens.

III. Work planned for the next year (or indicate project completion)


The project has been completed.

IV. Publications and presentations 

i.   Journal papers

Viazis, S., B.E. Farkas, and J.C. Allen. 2007. Effects of high pressure processing on immunoglobulin A and lysozyme activity in human milk. J Hum Lac. 23(3):253-261.

Viazis, S., B.E. Farkas, and L.A. Jaykus. 2007. Inactivation of bacterial pathogens in human milk by high pressure processing. J Food Protection. Forthcoming.

ii.  Abstracts, proceedings

Viazis, S., Farkas, B.E., and Allen, J.C. 2006. Effects of high pressure processing on SIgA and lysozyme activity in human milk. Paper 39J-09, Abstract. National IFT Annual Meeting, Orlando, FL, USA, July 12-16.

Viazis, S., Farkas, B.E., and Jaykus, L.A. 2006. Inactivation of bacterial pathogens in human milk by high pressure processing. Paper 3A-17, Abstract. National IFT Annual Meeting, Orlando, FL, USA, July 12-16.

V. Collaborations

None

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

Title: Validation of aseptic processing of viscous low-acid foods

Contact:

Josip Simunovic

Department of Food Science

North Carolina State University

Raleigh, NC 27695-7624

919-513-3190

simun@unity.ncsu.edu
I. Progress report and principal accomplishments


Continuous flow microwave processing has shown considerable promise in terms of rapidly and relatively uniformly heating viscous food products. Efforts have been geared towards validating aseptic processing of viscous vegetable purees using continuous flow microwave processing. The validation process involves steps such as measurement of dielectric properties, development of conservative carrier particles, and use of bioindicators. Based on previously developed protocol, a validation study on aseptically processed sweetpotato puree was performed.

II. Impact statement (for non-specialized audiences)

A commercial processing facility for sterilization and aseptic packaging of sweet potato purees in Snow Hill, NC, based on the methods and processed developed by our team is the first such installation in the world, and indicates a potential for significant further developments and additional similar facilities.

III. Work planned for the next year (or indicate project completion)

Studies and development activities continue in the areas of development of advanced tools and methods for thermal process monitoring and validation, especially multiphase particulate processing of foods and biomaterials.

IV. Publications and presentations 

i.   Journal papers

Kumar, P., Coronel, P., Simunovic, J., Sandeep, K.P. 2007. Feasibility of aseptic processing of a low-acid multiphase food product using a continuous flow microwave system. Journal of food science. Vol. 72(3): E121-E124.

Kumar, P., Coronel, P., Simunovic, J., Sandeep, K.P. 2007. Measurement of dielectric properties of pumpable food materials under static and continuous flow conditions.  Journal of food science. Vol. 72(4): E177-E183.

Brinley, T.A., Stam, C.N., Truong, V.D., Coronel, P., Kumar, P., Simunovic, J., Sandeep, K.P., Cartwright G.D., Swartzel, K.R., Jaykus, L.A. 2007. Feasibility of utilizing bio-indicators for testing microbial inactivation in sweetpotato purees processed with a continuous flow microwave system. Journal of food science. Vol. 72(5): E235-E242. 

Kumar, P., Coronel, P., Simunovic, J., Sandeep, K.P. 2007. Thermophysical and dielectric properties of salsa con queso and its vegetable ingredients at sterilization temperatures. International journal of food properties (In press).

Coronel, P., Simunovic, J., Sandeep, K.P., Kumar, P. 2007. Dielectric properties of pumpable food materials at 915 MHz. International journal of food properties (In press).
 
Brinley, T.A., Truong, V.D., Coronel, P., Simunovic, J., Sandeep, K.P. 2007. Dielectric Properties of Sweetpotato Purees at 915 MHz As Affected By Temperature and Chemical Composition. International journal of food properties (In press)

ii.  Abstracts, proceedings

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. IFT annual meeting, June 24-28, Orlando, FL.

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. 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. IFT annual meeting, June 24-28, Orlando, FL.

Kumar, P., Coronel, P., Truong, V.D., Simunovic, J., Swartzel, K.R., and Cartwright, G. 2006. Microwave-assisted aseptic processing of vegetable purees: cross-sectional temperature profiles during heating and sterilization. IFT Paper No. 78-D25. IFT annual meeting, June 24-28, Orlando, FL. 

Coronel, P., Sandeep, K.P., Simunovic, J., and Kumar, P. 2006. Measurement of dielectric property of food material in a continuous flow. IFT Paper No. 78-D19. IFT annual meeting, June 24-28, Orlando, FL.

Kumar, P., Simunovic, J., Coronel, P., Truong, V.D., Sandeep, K.P., Swartzel, K.R., Strizak, Z. 2007. Determination of thermal conductivity and diffusivity of solid food ingredients at sterilization level temperatures. IFT Paper No. 96-04. IFT annual meeting, July 28-Aug 1, Chicago, IL. 

Griffiths, M., Kumar, P., Simunovic, J., Sandeep, K.P. 2007. Dielectric properties of a two-component mixtures as influenced by the volume fraction of the components. IFT Paper No. 8-02. IFT annual meeting, July 28-Aug 1, Chicago, IL. 

Steed, L.E., Truong, V.D., Kumar, P., Simunovic, J., Cartwright, G.D., Swartzel, K.R. 2007. Microwave-assisted aseptic processing and packaging of purple-fleshed sweetpotato puree for functional foods. IFT Paper No. 100-46. IFT annual meeting, July 28-Aug 1, Chicago, IL. 


V. Collaborations

This project was done in collaboration with the USDA Group (Dr. Den Truong) and other faculty members (Dr. Ken Swartzel, Dr. K.P. Sandeep) within our department. 

NC 1023 Station report:

Station: North Dakota State University, Fargo, ND.

	Representative: Suranjan Panigrahi

Affiliation: Agricultural & Biosystems Engg. Department
	Email : S.panigrahi@ndsu.edu

Phone : 701 231 7270

Fax:  701 231 1008




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.

Contact: Suranjan Panigrahi

I. Progress report and principal accomplishments

Different potential sensing materials have been identified for detecting a few indicator compounds associated with Salmonella contamination of packaged meat. Several conducting polymers (based on hydrogen bond acid and basic characteristics) were selected. Composite polymers were made using the commercially available conducting polymers and carbon black particles. The composite polymers were deposited on interdigitated gold electrodes to develop sensor heads and they were evaluated for sensing ethanol and acetic acid at different concentrations. Composites made out of Polyvinylphenol and Polyethylenimine showed potential sensitivity for ethanol and acetic respectively. Parallel work was done to deal with small dataset problem associated with a typical biological study like our meat experiments. Mega-trend diffusion (MTD) and functional virtual population (FVP) techniques for data domain expansion and synthetic sample generation were assessed on the small datasets obtained from TF-module electronic nose system (developed from our previous research) for classification of Salmonella contaminated meat. Artificial neural networks were used for classifications. These techniques showed improvements in the classification accuracies as compared to those obtained from TF module. An automated headspace sampling system based on microcontroller and automated electronics has been developed. This system has been used to sample head space of meat sample automatically at an user-defined interval. This system has been tested to sample headspace gases of contaminated meat samples at every 4 hour intervals (i.e. 4, 8 and 12 hours). Many of the prior studies (including some of our previous and current studies) have analyzed headspace gases of meat sample in every 24 hours. This system, that enables automatic sampling at an user defined interval (in this case 4 hours), could provide additional information about the generation pattern of VOCs and Salmonella contamination and therefore, could be very valuable for sensor development. Preliminary results indicated Carbon dioxide and isopropyl lactate to be present in the headspace of control and Salmonella contaminated samples.

II. Impact statement (for non-specialized audiences)

Portable and intelligent sensor and sensing techniques would allow the end users in making better decisions regarding the quality and safety of food products. 

III. Work planned for the next year (or indicate project completion)

Work will be conducted to further validate the responses of different sensing materials (i.e. composite polymer, porphyrins, and metal oxides) for detecting indicator compounds associated with spoilage and contamination (Salmonella) of meat. Parallel work will also be conducted to evaluate the potential of SERS (surface enhanced Raman Spectroscopy) for identification of contaminated meat due to Salmonella.
IV. Publications and presentations 

 Khot, L, S. Panigrahi and S. Woznica. 2007. Neural-network-based classification of meat: evaluation of techniques to overcome small dataset problems. Poster presentation at ASABE International Conference on Biological Sensorics: Critical technologies for Future Biosystems, Minneapolis, MN, June 15-17, 2007. 

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

Contact: Dennis  P. Wiesenborn

Tempering of wheat is done to improve its physical state for milling. Chlorinated water is being used in industry to decrease the microbial load of tempered wheat but chlorine leaves a residue which limits its application in food industry. Ozone gas is highly reactive. Compared to chlorine, ozone gas is a stronger and more rapid antimicrobial agent. Ozone gas can be dissolved in water. It is expected that ozone treatment may inhibit or minimize bacterial, yeast and mold count which has been a dominant safety and quality concern for wheat grown in the Northern Plains. Hence, the objective of this study was to develop a continuous system for monitoring and logging ozone concentration in water, to characterize the kinetics of ozone generation and depletion and its dependence on quality and temperature of water and to compare the efficacy of ozonated water with the efficacy of chlorinated water during tempering of durum wheat. These tempered grains along with their control samples were tested for total bacterial, yeast and mold count and also for color change and germination capacity.  Aqueous ozone at the 16 ppm level showed a statistically significant antimicrobial effect, but was less effective than a 700 ppm hypochlorite solution.

Publications

Doehlert, D.C. and D.P. Wiesenborn. 2007. Interactions of rotor speed and kernel size during impact dehulling of oats.  Cereal Chemistry, 84(3):294–300.

Abstracts

Dhillon, B., H. Sandhu, D. Wiesenborn, F. Manthey, and C. Wolf-Hall.  2007. A comparison between chlorinated water and ozonated water as an antimicrobial treatment during tempering of wheat, paper 076169.  ASABE Annual International Meeting, Minneapolis, MN, 17 - 20 June

OHIO AGRICULTURAL RESEARCH AND DEVELOPMENT CENTER (OARDC)

ANNUAL REPORT, 2007
NC-1023, Improvement of Thermal and Nonthermal Processes for Foods

Objective A

Title: Safety of Foods Processed Using Four Alternative Processing Technologies

Contact: S.K. Sastry, Ahmed Yousef and VM (Bala) Balasubramaniam

i. Progress

Electrical conductivity of a wide variety of foods has been characterized, both in the fresh form, and after diffusion with salt via a short blanching treatment to increase electrical conductivity.  Results show that such products heat more uniformly during a subsequent ohmic process.  Sensory studies conducted at the US Army Natick Labs suggest that the quality of formulations of equilibrated electrical conductivity are similar to conventionally prepared products.

Diffusivity of salt in various vegetable particles has been determined as a function of temperature.   In addition, we have determined that diffusivities may be enhanced by the application of an electric field across the sample.  We have calculated diffusivities under electrical assist, and have also attempted to characterize ionic mobilities of constitutents.

ii. Main accomplishments:  We have documented clearly, the enhancing effect of electric fields on diffusivity of ionic species.  Electrical conductivity data are now available for a wide range of food products that were not previously studied; and show the influence of salt infusion on electrical conductivity and heating uniformity.

II. Impact statement (for non-specialized audiences) This work will enable the development of better quality, safe foods that are shelf-stable and do not require refrigeration.  We also expect that processes such as extraction may be improved by our findings on diffusion enhancement..

III. Work planned for the next year (or indicate project completion) This aspect of the project is complete.

IV. Publications and presentations 

i.   Journal papers 

 SEQ CHAPTER \h \r 1Salengke, S., and Sastry, S.K.  2007. Effects of ohmic pretreatment on oil uptake of potato slices during frying and subsequent cooling.  J. Food Proc. Engr. 30:1-12. 

 SEQ CHAPTER \h \r 1Sarang, S.S., and Sastry, S.K. 2007. Diffusion and equilibrium distribution coefficients of salt within vegetable tissue: effects of salt concentration and temperature. J. Food Engr. 82:377-382.

Tulsiyan, P., Sarang, S., and Sastry, S.K. 2007. Electrical conductivity of multicomponent systems during ohmic heating.  Int. J. Food Properties (Accepted for publication).


Sarang, S., Sastry, S.K., Gaines, J., Yang, T., and Dunne, P. 2007.  Product formulation for ohmic heating: blanching as a method to improve uniformity in heating of solid-liquid food mixtures. J.Food Science, E227-234.

Abstracts, proceedings

Sarang, S.S., Sastry, S.K. and Knipe, L. 2007.  Electrical conductivity of selected solid foods during ohmic heating.  Abstract No. 096-10.  Annual Meeting, Institute of Food Technologists,  Chicago, IL, July 28-Aug. 1.

Kusnadi, C. and Sastry, S.K. 2007.  Measurements of slat diffusion in vegetable tissues under different electric fields as a pretreatment for ohmic heating.  Abstract No. 096-22.  Annual Meeting, Institute of Food Technologists,  Chicago, IL, July 28-Aug. 1.

iii. Presentations 

iv. Other (i.e., media) Approved Manuscripts, Theses and Miscellaneous Reports

V. Collaborations

The Ohio State University:  A.E. Yousef, V.M. Balasubramaniam

North Carolina State University: K. Swartzel, J. Simunovic, K.P. Sandeep, Lee-Ann Jaykus, Denis Gray

University of California, Davis: Diane Barrett, Christine Bruhn

Washington State University: Juming Tang

US Army Natick Laboratories:  Pat Dunne, Tom Yang, Judy Gaines

Title: Food coatings: Powder, Liquid, Electrostatic, Nonelectrostatic

Contact: Sheryl Barringer

I. Progress report and principal accomplishments

Progress report (1-2 paragraphs)

The end of shelf-life for fresh meat is determined by unacceptable aroma, appearance, and color, which appear before unacceptable microbial counts.   Addition of a bovine gelatin coating to fresh meat may extend shelf life.  This study utilized a 20% bovine gelatin solution that was spray-coated onto beef tenderloins, pork loins, salmon fillets, and chicken breasts which were packaged in an 80% O2 and 20% CO2 modified atmosphere and stored under fluorescent light at 4 ºC for 2 weeks.  All of the gelatin-coated fresh meat products showed a reduction in purge.  The gelatin reduced purge by acting as a barrier to water loss.  There was a reduction in color deterioration for gelatin-coated beef, a slight reduction of color deterioration for gelatin-coated pork, and no reduction in color deterioration for salmon and chicken.  The gelatin coat reduced color deterioration by acting as a barrier to oxygen, but also had a negative effect on color due to its own color deterioration.  No change in lipid oxidation was seen with any of the gelatin-coated meat products.  The gelatin coat was not an effective barrier for lipid oxidation at refrigeration temperatures.  Sensory analysis of beef tenderloins confirmed that color deterioration was reduced, and flavor was not affected by application of a gelatin coat.  The gelatin coat was equally effective during light and dark storage.  It was more effective on vacuum packaged products than modified atmosphere packaged products.

Electrostatic adhesion is a significant force in painting and other industries.  However, coating of food items uses powders and targets with properties that are far from ideal for electrostatic coating.  In addition, the adhesion must last a long time in order to be useful.  The goal of this study is to determine if electrostatic adhesion is significant in food coating.  A range of food powders were coated onto different kinds of food samples electrostatically and nonelectrostatically and the adhesion measured. Electrostatic powder coating increased the adhesion of most food powders onto most food targets. Some correlation was found between effectiveness of the process and resistivity or oil content of the target, resistivity of the powder, and particle size. At low relative humidities, electrostatic adhesion lasted for several weeks, long enough to be valuable.  

Ten powders, differing in protein, carbohydrate, and salt contents and ranging from 19 to 165 m were coated by nonelectrostatic and electrostatic coating. Nonelectrostatic transfer efficiency increased to a maximum before leveling-off with increasing particle size. Electrostatic transfer efficiency either decreased or increased then decreased with increasing particle size. Powders became more free flowing as particle size increased. Since transfer efficiency increases as powders become more free flowing, transfer efficiency increased with particle size for both nonelectrostatic and electrostatic coating.  For electrostatic coating, the effect of charge decreases with increasing particle size.  Thus, the conflicting effects of ability to pick up charge and flowability caused an increase then decrease in the transfer efficiency for powders coated electrostatically, and can also explain the exceptions. The average improvement in transfer efficiency by electrostatic coating was 20%, with the improvement increasing as particle size decreased.  

Two kinds of soy protein isolate, rice protein, whey protein isolate, albumen, bovine collagen hydrolysate, NaCl, and corn starch were used in this study.  Solutions were prepared by mixing the powder and distilled water (1:8 ratio), and either H2SO4 or NH4OH to obtain pH 3, 5, 7, 9, and 11.  The solutions were dried to produce powders with different hydrogen ion concentrations and the powders were ground.  Powders were coated nonelectrostatically and using negative and positive polarity corona electrostatically.  There was no solution pH effect on transfer efficiency or adhesion for most powders.  However, transfer efficiency and density of both of the soy protein isolates and corn starch changed with solution pH.  Solution pH may have affected the density which affected the transfer efficiency for these powders.  Adhesion and cohesiveness of one of the soy protein isolates and corn starch also changed with solution pH.  Solution pH may have affected the cohesiveness which affected the adhesion for these powders.  Negative and positive corona produced the same results for most powders, with no solution pH effect, except for one of the soy protein isolates, rice protein, and corn starch.  These powders accumulated on the electrode wires during negative corona electrostatic coating, reducing transfer efficiency and adhesion.  This polarity effect was intermittent, implying it is due to tribocharging.   

ii. Main accomplishments 


Gelatin coating was shown to decrease purge and increase color in fresh cut meats.  The company demonstrated this technology at the annual IFT meeting and it currently pursuing a patent on the technology.


Electrostatic adhesion was determined to be significant during low humidity storage.  Positive polarity corona coating was determined to be more efficient than negative corona only for powders containing a large amount of protein.  The relative importance of gravity versus aerodynamic forces is dependent on powder particle size. 

II. Impact statement (for non-specialized audiences)


Fresh cuts of meat release water during storage.  Since this is unattractive, soaker pads must be placed in the bottom of the package.  A gelatin coating will reduce the water released during storage, eliminating the need for the soaker pads. 

III. Work planned for the next year (or indicate project completion)

Many parts of the project are complete.  Next year we will continue working on gelatin coating on meat to extend shelf life.  We will be comparing different gelatins and examining how their different properties affect moisture and oxygen transmission.  We will also be studying how relative humidity affects electrostatic coating efficiency and adhesion.  We will be measuring the force of adhesion under different conditions and determining what factors affect separation of mixture components during coating.  

IV. Publications and presentations 

i.   Journal papers (follow style guide for JFS, copied below)

Halim F and Barringer SA 2007. Electrostatic adhesion in food.  J Electrostat 65(3):168-173.

Ratanatriwong P and Barringer SA 2007. Effect of powder particle size on electrostatic and nonelectrostatic powder coating.  J Electrostat 65:704-708.

Setyo D, Barringer SA. 2007. Effect of Hydrogen Ion Concentration and Electrostatic Polarity on Food Powder Coating Transfer Efficiency and Adhesion. J Food Sci 72(6): E356-E361.

Antoniewski M, Barringer SA. 2007. The effect of a gelatin coating on the shelf life of fresh meats. J Food Sci 72(6): E382-E387.

ii.  Abstracts, proceedings

Ratanatriwong P, S. Suwansri, S Barringer. 2007.  The effect of particle size and electrostatic coating on flavor enhancement, preference and coating efficiency of seasoning coated snacks. IFT Annual Meeting 185-05.

Xu Y, S Barringer.  2007.  The effect of relative humidity on food powder properties and corona electrostatic coating in a conveyor belt system. IFT Annual Meeting 008-33.

Gorty, A, S Barringer.  2007.  Effect of Relative Humidity on Electrostatic and Nonelectrostatic Powder Coating using the tumble drum method. IFT Annual Meeting 008-04.

Buck V, S Barringer.  2007.  Factors dominating adhesion of salt onto potato chips. IFT Annual Meeting 008-17.

Xu Y, S Barringer.  2007.  The effect of relative humidity on food powder properties and corona electrostatic coating. Electrostatics society of America Annual Meeting A2 20-29.

iii. Presentations 

iv. Other (i.e., media)

V. Collaborations

Title: Pressure assisted thermal processing key engineering properties and process improvement

Contact: VM (Bala) Balasubramaniam and S.K. Sastry

Thermal conductivity of selected solid foods during high pressure processing

The objective of this study was to determine thermal conductivity (k) of selected solid foods under combined pressure-heat treatment. A line heat source probe housed inside a polycarbonate sample holder with a movable piston arrangement (for pressure transfer) served as the k sensor. Initially, k sensor was calibrated with distilled water under pressure by comparing the experimental data against reference steam-water properties published by National Institute of Standards and Technology (NIST). Thermal conductivity of carrots, cheddar cheese, and minced meat were determined at 100 MPa increments up to 700 MPa at 25 and 50°C. Probe calibration results showed good agreement with NIST data. Thermal conductivity values of carrot samples (88% wet basis moisture content) increased linearly with increasing pressure and temperature (0.58-0.79 W/m°C at 25°C; 0.63-0.84 W/m°C at 50°C). Cheddar cheese (38% wet basis moisture; 14% fat) and minced ham (21% fat) had lower k values than carrot samples at the tested conditions. 

Pressure-volume relationships of select foods at 25°C to 700 MPa

The objective of this study was to develop a piezometer for in-situ measurement of P-V-T relationships, and to determine such data for select foods to 700 MPa at 25°C. The sensor was based around a polycarbonate tube, sealed with epoxy on one end and with an aluminum piston on the other. Application of pressure displaced the piston within the tube, changing the sample volume, which was sensed as a change in the coil impedance, and was read externally via wire lead-throughs. Measurement of ethanol to 300 MPa yielded compressibility data within 1.2% of previously reported studies. Measurements were made for sucrose solution, corn syrup, applesauce, tomato puree, sunflower oil, soybean oil, olive oil, carrot, cheddar cheese, and cooked chicken breast samples at 25°C at 69MPa and in 50 MPa increments from 100 to 700 MPa. Up to 100 MPa, ethanol showed the highest volume reduction at 7.5%, followed by raw carrot and soybean oil at 4.8%. At 700 MPa, all samples except ethanol reduced in volume by 14-16%. 


Heat of compression of food materials during high pressure processing

The effect of food composition on the quasi-adiabatic temperature increase during high pressure processing (HPP) was studied using specially designed experimental equipment. Selected foods (mayonnaise, egg yolk, avocado, beef, chicken breast,  whole and skim milk, gravy beef canned) were evaluated at an initial temperature of 25 °C and pressure treatments ranging from 150 to 600 MPa. The effect of initial temperature (1–70 °C) on the δ over a range of pressures treatments from 150 to 600 MPa was evaluated using vegetable oil, honey and cream cheese. Results showed that vegetable oil had the highest δ (upto 9.7 °C/100 MPa). This δ value decreased with increasing pressure and was slightly affected by initial temperature of the sample. For foods with high water content, δ increased with increasing initial temperature. While polar liquids showed a linear trend with the [image: image1.png]


, non-polar liquids exhibited a nonlinear relationship. [image: image2.png]


 values decreased with increasing polarity index. 

ii. Main accomplishments: Our studies contributed to the development of database on in-situ properties of food materials during high pressure processing. Thermal conductivity and density of various food materials under combined pressure-heat treatment were documented. Heat of compression studies highlighted the importance of considering thermal effects of compression during high pressure sterilization or pasteurization processes. 

II. Impact statement (for non-specialized audiences) Food industry is interested in developing microbiologically safe novel pasteurization and sterilization technologies that can preserve fresh like food quality attributes. Knowledge on food properties during the processing will aid in improving our understanding of process non-uniformities, evaluating the least processed region within the pressure equipment, and modeling the microbiological safety of the processed foods. 

III. Work planned for the next year (or indicate project completion) conduct studies on specific heat, density and pH of food materials under pressure treatment

IV. Publications and presentations 

i.   Journal papers 

Ramaswamy, R, Balasubramaniam VM, Sastry, SK. 2007. Thermal conductivity of selected liquid foods at elevated pressures up to 700 MPa. Journal of Food Engineering, 83 (3): 444–451. 

 

Min, Stephen, Sastry, SK, Balasubramaniam, VM. 2007. In situ electrical conductivity measurement of select liquid foods under hydrostatic pressure to 800 MPa. Journal of Food Engineering 82(4): 489–497. 

Ramaswamy, R. Balasubramaniam, VM. 2007. Effect of polarity and molecular structure of selected liquids on their heat of compression during high pressure processing. High Pressure Research 27(2): 299–307. 

Patazca, E, Koutchma, T, Balasubramaniam, VM. 2007. Quasi-adiabatic temperature increase during high pressure processing of selected foods. Journal of Food Engineering 80(1): 199–205. 

Abstracts, proceedings

Min, Stephen, Sastry, SK,  Balasubramaniam, VM. 2007. Pressure-volume relationships of select foods at 25°C to 700 MPa. Abstract no. 008-13. 2007 Annual Meeting of Institute of Food Technologists, Chicago, IL. July 28-August 1. 

Ramaswamy, R, Balasubramaniam, VM and Sastry, SK. 2007.Thermal conductivity of selected solid foods during high pressure processing. Abstract no. 096-38. 2007 Annual Meeting of Institute of Food Technologists, Chicago, IL. July 28-August 1. 

iii. Presentations 

iv. Other (i.e., media) Approved Manuscripts, Theses and Miscellaneous Reports

Ramaswamy, R. 2007. Thermal behaviour of food materials under high pressure. PhD dissertation. The Ohio State University, Fall 2007.

V. Collaborations

Title: Combined pressure-heat effect on instrumental quality of foods. 

Contact: VM (Bala) Balasubramaniam

I. Progress report and principal accomplishments

i) Progress report (1-2 paragraphs)

The objective of this study was to evaluate the efficacy of pressure treatment (0.1, 500, 700 MPa) in preserving selected instrumental quality attributes (hardness, color, total carotene content) of carrots processed under comparable process temperature (95-121 °C). Pre-process temperature histories of PATP and thermal process (TP) samples were experimentally controlled by matching respective pre-process times. In comparison to TP, PATP better retained color of carrot samples. During TP (105 °C), carotene content decreased from 17.7 to 13.2 mg/100g, however, in case of PATP (700 MPa, 105 °C) carotene content decreased from 17.7 to 14.1 mg/100g. Both PATP and TP completely inactivated natural flora present in the samples. Under comparable process temperatures (up to 105 oC), PATP protected carrot quality attributes better than TP samples. Further, increasing process temperature to 121oC, process and pre-process thermal history greatly influenced carrot textural change and pressure effects were less pronounced. Microscopic examination revealed that possibly due to thermal damage, TP samples had shown tissue softening. Whereas, PATP (700 MPa, 105 °C, 5 min) caused lesser damage to cell structure. PATP is a potential alternative for producing superior quality shelf-stable low-acid foods.

ii. Main accomplishments Instrumental quality attributes of carrot samples processed by pressure-assisted thermal processing and thermal processing under experimentally controlled comparable thermal conditions were determined.  While thermally processed samples have shown tissue softening, quality of pressure-assisted thermally processed samples better preserved in part due to densification of tissue during pressure treatment.

II. Impact statement (for non-specialized audiences) Food industry is interested in developing microbiologically novel pasteurization and sterilization technologies as an alternative to traditional thermal processing methods to preserve fresh like quality attributes. The study demonstrated that pressure-assisted thermal processing has the potential to preserve quality attributes of low-acid shelf-stable foods.

III. Work planned for the next year (or indicate project completion) evaluate instrumental quality of selected low-acid foods using large scale pilot scale equipment 

IV. Publications and presentations 

i.   Journal papers 

Rastogi, NK, Raghavarao, KSMS, Balasubramaniam, VM, Niranjan, K, Knorr, D. 2007. Opportunities and challenges in high pressure processing of foods. Critical Reviews in Food Science and Nutrition. 47(1): 69–112. 

Nguyen, LT, Rastogi, NK, Balasubramaniam, VM. 2007. Evaluation of the instrumental quality of pressure-assisted thermally processed carrots. Journal of Food Science 72(5): E264-E270. 

ii.  Abstracts, proceedings

Balasubramaniam, VM. 2007. High pressure processing of shelf-stable foods. 

61st Annual Spring Meeting & Exhibition Research & Development Associates for Military Food & Packaging Systems, Inc Tucson, AZ. April 17-19. 


Balasubramaniam, VM 2007. High Pressure Pasteurization of Processed Meats. Meat & Poultry Marination Short Course, University of Georgia, Athens, GA. July 10-12. 

 

Balasubramaniam, VM. 2007. High pressure processing-basics. Nonthermal processing short course, 2007 Annual Meeting of Institute of Food Technologists, Chicago, IL. July 27-28. 

 

Nguygen, LT, Rastogi, NK, Balasubramaniam, VM 2007.Evaluation of instrumental quality of pressure-assisted thermally processed carrots. Abstract no. 189-05. 2007 Annual Meeting of Institute of Food Technologists, Chicago, IL. July 28-August 1. 

Rastogi, NK, Nguygen, LT, Jiang, B, Balasubramaniam, VM. 2007. Combined effect of various pretreatments on carrot texture during pressure-assisted thermal processing. Abstract no. 096-08. 2007 Annual Meeting of Institute of Food Technologists, Chicago, IL. July 28-August 1. 

Koca, N, Kocaoglu-Vurma, KA, Balasubramaniam, VM, Harper, J. 2007. High pressure processing prevents formation of overset eyes in Swiss cheese. Abstract no. W72. 2007 Joint Annual Meeting, American Dairy Science Association, Poultry Science Association, Asociacion Mexicana de Produccion Animal, San Antonio, TX July 8-12 

iii. Presentations 

Balasubramaniam, VM. 2007. High pressure processing - overview.  Center for Post Harvest Engineering Technology, Ludhiana, Punjab, India. June 19. 

 

Balasubramaniam, VM. 2007. Application of high pressure processing in food science and technology. Department of Food Science and Technology, Punjab Agricultural University, Ludhiana, Punjab, India. June 19.  

 

Balasubramaniam, VM. 2007. Introduction to High Pressure Processing, Importance and Future Prospects. Workshop on Application of High Pressure in Food Processing. Center for Post Harvest Engineering Technology, Abohar, Punjab, India. June 21. 

 

Balasubramaniam, VM. 2007. High Pressure Processing Equipment - Principles, Protocols, and their design. Workshop on Application of High Pressure in Food Processing. Center for Post Harvest Engineering Technology, Abohar, Punjab, India. June 21. 

iv. Other (i.e., media)

V. Collaborations Dr. N.K. Rastogi, Central Food Technology Research Institute (CFTRI), Mysore, India (visiting scholar during 2007).

Title: Moisture migration in multidomain food systems

Contact:Gönül Kaletunç

I. Progress report and principal accomplishments

i.  Progress report: Moisture migration in bread is tested to determine the effective diffusion coefficient of water in bread. Moisture profiles in a bread-cheese multidomain system is constructed and fitted to the diffusion model to determine the diffusion coefficient of water.

ii. Main accomplishments 

II. Impact statement (for non-specialized audiences) 

Improving shelf life of products improves the safety, transportation and distribution of the product thereby increases the economic value  

III. Work planned for the next year (or indicate project completion)

IV. Publications and presentations 

i.   Journal papers (follow style guide for JFS, copied below)

ii.  Abstracts, proceedings: 

Ann H. Barrett, Gonul Kaletunc, Roger Ruan 2007 Effect of bread oil content on moisture diffusivity, moisture profiles, and NMR parameters in stored bilayer systems, IFT Annual Meeting Abstract 056-01

iii. Presentations 

iv. Other (i.e., media)

V. Collaborations: I collaborate with Dr. Ann Barrett from Army Natick Research Labs.

.

Title: Optimization of storage conditions for frozen tissue samples

Contact:Gönül Kaletunç

I. Progress report and principal accomplishments

i.  Progress report: Keeping tissue quality high is essential for the analysis of tissues for diagnosis and treatment of diseases such as cancer. Preliminary data were collected to determine the effect of packaging material and storage temperature on the degradation of selected biomarkers of diagnostic value in frozen colon cancer tissue

ii. Main accomplishments 

II. Impact statement (for non-specialized audiences) 

The National Cancer Institute alone spends over $50 million dollars each year specifically to procure and store biospecimens. it will be important if not required to develop better practices to ensure consistent quality and usability of tissues.

III. Work planned for the next year (or indicate project completion)

IV. Publications and presentations 

i.   Journal papers (follow style guide for JFS, copied below)

ii.  Abstracts, proceedings: 

iii. Presentations 

iv. Other (i.e., media)

V. Collaborations: I collaborate with Department of Pathology and Department of Surgery at the Ohio State University..

Objective B

Title: Effect of Moderate Electric Fields on Fermentation Processes

Contact: S.K. Sastry, Ahmed Yousef 

i. Progress

Kinetics of bacterial growth during Moderate Electric Field (MEF) treatments was studied.  We had previously found that MEF sometimes reduced the lag phase of L. acidophilus fermentations.  We have more recently found that high frequency harmonics play a significant role in bacteriocin production.

ii. Main accomplishments:  We have found that lag phase reduction is associated with pure sinusoidal waves at low frequency with no harmonics.  However, the presence of harmonics can result in increased bacteriocin production

II. Impact statement (for non-specialized audiences) Improvement in fermentation processes can improve industrial operations, including the commercial manufacture of medicines and drugs.

III. Work planned for the next year (or indicate project completion) This project is complete.

IV. Publications and presentations 

i.   Journal papers 

Loghavi, L., Sastry, S.K., and Yousef, A.E. 2007. Effect of Moderate Electric Field on the metabolic activity and growth kinetics of Lactobacillus acidophilus.  Biotechnol. & Bioengineering (Accepted for publication).

Abstracts, proceedings

iii. Presentations 

iv. Other (i.e., media) Approved Manuscripts, Theses and Miscellaneous Reports

V. Collaborations

A.E. Yousef 

Title: Reheating and Sterilization Technology for Food, Waste and Water 

Contact: Sudhir K. Sastry, A.E. Yousef

I. Progress report and principal accomplishments

i) Progress report (1-2 paragraphs)

Kinetics of inactivation of Bacillus stearothermophilus under ohmic and conventional heating are being studied in a specially designed reactor vessel.  The intention is to determine kinetic parameters for verification of an in-package sterilization process.

ii. Main accomplishments  A device has been developed for measurement of thermal inactivation kinetics under ohmic and conventional heating.

iii. Impact statement (for non-specialized audiences) Improved information on process kinetics will be useful in ensuring safe alternative thermal processes.

iv. Work planned for the next year (or indicate project completion) Data collection will continue on B. stearothermophilus, and will be used in modeling and microbiological validation activity. 

IV. Publications and presentations 

i.   Journal papers 

ii.  Abstracts, proceedings

iii. Presentations 

iv. Other (i.e., media)

v. Collaborations 

Ohio State Univ/OARDC:  Ahmed Yousef

NASA:  Michele Perchonok

Title: Kinetics of Maillard browning in potato products

Contact: Sheryl Barringer

I. Progress report and principal accomplishments

Progress report (1-2 paragraphs)

The rate of color and texture development in par-fried French fries coated with liquid smoke and thermally processed was determined. Liquid smoke containing 8-11% carbonyls was diluted to 30% and applied to one side of French fries at 0, 1, 3 or 5% by weight.  The fries were immersion fried at 190.6ºC for 4 min, microwaved (900 watts) for 4 min, or baked at 190.6ºC for 20 min.  Color and texture measurements were recorded at intervals during processing.  Liquid smoke increased the rate of browning in French fries.  Browning followed pseudo zero-order kinetics, with the a value, browning index and total change in color (E) showing the best fit.  When liquid smoke was added in high concentrations the reaction rate did not increase as more liquid smoke was added because the carbonyls were no longer limiting the rate of Maillard browning.  The rate of color development in French fries was also affected by the thermal processing method.  Frying developed color at the fastest rate, followed by microwaving and baking.  Although liquid smoke increased the rate of color development in French fries, it did not affect French fry texture. Through sensory testing, it was determined that liquid smoke can be used to improve the color of microwaveable French fries without affecting French fry flavor or texture.  

ii. Main accomplishments 


The kinetics of Maillard browning was determined, and used to determine the conditions to produce the optimum color, flavor and texture.  This demonstration is being used by the company in sales visits and at the annual IFT meeting to show the benefits of their product.

II. Impact statement (for non-specialized audiences)

French fries and potato rounds should be crispy and brown when eaten.  However, browning does not occur in the microwave oven.  Liquid smoke can be added to French fries without affecting the flavor, texture or color.  When heated in the microwave the French fries will turn brown because the liquid smoke browns rapidly.  

III. Work planned for the next year (or indicate project completion)

Project is complete 

IV. Publications and presentations 

i.   Journal papers (follow style guide for JFS, copied below)

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 71(9):E364-E369.

Abu-Ali JM, Barringer SA. 2007. Color and texture development of potato cylinders with liquid smoke during baking, frying and microwaving.  J Food Process Pres 31:334-344.

ii.  Abstracts, proceedings

iii. Presentations 

iv. Other (i.e., media)

V. Collaborations

Title: Inactivation of bacterial spores by combined pressure-heat treatment

Contact: V.M. (Bala) Balasubramaniam

I. Progress report and principal accomplishments

i) Progress report (1-2 paragraphs)

The objectives of the current study were to determine the inactivation kinetics of Bacillus amyloliquefaciens spores under PATP and to evaluate the recovery of PATP-injured spores in selected low-acid foods during storage. Bacillus amyloliquefaciens spores were inoculated in egg patty mince (EPM) and green pea puree (GPP) at approximately 107 MPN/g. Samples were subjected to 700 MPa at 100, 105, 110, 115, and 121°C over various pressure holding times using a custom-fabricated high-pressure microbial kinetic testing equipment. Total viable spores were determined by 3-tube most probable number (MPN) method in trypticase soy broth (TSB). Spore inactivation kinetics were analyzed using a biphasic model including the parameters, k1 and k2, which represent inactivation rates at the two phases of the survivor curve. Subsequently, additional inoculated samples were PATP-processed at conditions that inactivate spores to below detection level. These treated samples were analyzed for spore recovery by 5-tube MPN method during storage at 32°C for 8 weeks. Treatments at 700 MPa in combination with 105°C for 16 min, 115°C for 5 min, or 121°C for 3 min decreased B. amyloliquefaciens spore populations in EPM to levels undetectable by the enrichment procedure. Similarly, B. amyloliquefaciens spores in GPP were undetectable after treatments with 700 MPa in combination with 105°C for 14 min, 115°C for 6 min, or 121°C for 4 min. The biphasic model adequately described the PATP inactivation of B. amyloliquefaciens spores in the selected food matrices. 

Fourier transform infrared (FT-IR) spectroscopy was used to study some of the biochemical changes in bacterial spores occurring during PATP and thermal processing (TP).  Spore suspensions (~109 CFU/mL of water) of Clostridium tyrobutyricum, Bacillus sphaericus, and three strains of Bacillus amyloliquefaciens were treated by PATP (121°C and 700 MPa) for 0, 10, 20 and 30 sec and TP (121°C) for 0, 10, 20 and 30 sec. Treated and untreated spore suspensions were analyzed using FT-IR in the mid-infrared region (4000 to 800 cm-1). Multivariate classification models based on soft independent modeling of class analogy (SIMCA) were developed using second derivative-transformed spectra. The spores could be differentiated due to differences in their biochemical composition, especially dipicolinic acid (DPA) and secondary structure of proteins. During PATP changes in α-helix and β-sheets of secondary protein were evident in the spectral regions 1655 and 1626 cm-1, respectively. Infrared absorption bands from DPA (1281, 1378, 1440, and 1568 cm-1) decreased significantly during the initial stages of PATP, indicating release of DPA. During TP changes were evident in the bands associated with secondary proteins. DPA bands showed little or no change during TP. A correlation was found between the spore’s Ca-DPA content and its resistance to PATP. FT-IR spectroscopy could classify different strains of bacterial spores and determine some of the changes occurring during spore inactivation by PATP and TP. Furthermore, this technique shows great promise for rapid screening PATP-resistant bacterial spores.

ii. Main accomplishments Studies conducted at OSU and elsewhere helped to identify Bacillus amyloliquefaciens as one of the most pressure-thermal surrogate organisms for process validation. Our studies indicate that Ca-dipicolinic acid content as an potential indicator for spore resistance to high pressure sterilization process. This information may help in developing process based techniques for enhancing process lethality by high pressure sterilization.

II. Impact statement (for non-specialized audiences) Food industry is interested in developing microbiologically novel sterilization technologies as an alternative to traditional thermal processing methods to preserve fresh like quality attributes. Our studies help the food industry and regulators in evaluating combined pressure-thermal resistance of various bacterial spores and develop approaches for enhancing microbial lethality during the treatment.

III. Work planned for the next year (or indicate project completion) conduct studies to understand bacterial spore injury during pressure-assisted thermal processing. Identify process or ingredient based approaches that can help in enhancing lethality during pressure-assisted thermal processing of low-acid foods.

IV. Publications and presentations 

i.   Journal papers 

Ahn, J, Balasubramaniam, VM, Yousef, AE. 2007. Inactivation kinetics of selected aerobic and anaerobic bacterial spores by pressure-assisted thermal processing. International Journal of Food Microbiology 113(3): 321–329 

 

Ahn J, Balasubramaniam, VM. 2007. Effects of inoculum level and pressure pulse on the inactivation of Clostridium sporogenes spores by pressure-assisted thermal processing. Journal of Microbiology and Biotechnology 17 (4): 616-623

 

Ahn J, Balasubramaniam, VM. 2007. Physiological responses of Bacillus amyloliquefaciens spores to high pressure. Journal of Microbiology and Biotechnology. 17(3): 524-529.

 

Ramaswamy, R, Ahn, J, Balasubramaniam, VM, Luis Rodriguez Saona,  Yousef, AE. 2007. Food Safety Engineering. In: Myer Kutz editor Handbook of farm, dairy, and food machinery.  Norwich: William Andrew Publishing. pp 45-69. 

ii.  Abstracts, proceedings

Wannasawat Ratphitagsanti, Ahn, J, Yousef, AE, Balasubramaniam, VM. 2007. Influence of Pressurization Rate and Pressure Pulsing on Inactivation of Bacillus amyloliquefaciens Spores during Pressure-assisted Thermal Processing. Abstract no. P5-63 94th Annual Meeting of International Association for Food Protection Lake Buena Vista, Florida, July 8-11 

 

Ahn, J, Balasubramaniam, VM, Yousef, AE. 2007.Inactivation kinetics and injury recovery of bacterial spores during pressure-assisted thermal-processing of low-acid foods. Abstract no. 189-25. 2007 Annual Meeting of Institute of Food Technologists, Chicago, IL. July 28-August 1. 

iii. Presentations

Balasubramaniam, VM. 2007. Effect of high pressure processing on microbial inactivation and food constituents. Workshop on Application of High Pressure in Food Processing. Center for Post Harvest Engineering Technology, Abohar, Punjab, India. June 21. 

 

iv. Other (i.e., media)

V. Collaborations Ahmed E. Yousef and Luis Rodriguez Saona

Title: Optimization of enzyme immobilization parameters

Contact:Gönül Kaletunç

I. Progress report and principal accomplishments

i.  Progress report: We have been working on optimization of parameters for immobilization of high temperature stable alpha-amylase enzyme highly utilized in starch liquefaction, an important step in corn refining process especially production of high fructose corn syrup.

ii. Main accomplishments 

II. Impact statement (for non-specialized audiences) 

Immobilized enzymes increases the process yield per unit enzyme because of reusability of enzyme system. The corn refining in the U.S. is a $7.8 billion industry annually and spends $62.2 million each year on the enzymes used.  

III. Work planned for the next year (or indicate project completion)

IV. Publications and presentations 

i.   Journal papers (follow style guide for JFS, copied below)

ii.  Abstracts, proceedings: 

Meyer, L. and Kaletunc, G. 2007. Effect of immobilization method on activity of alpha-amylase, IFT Annual Meeting Abstract 008-26

iii. Presentations 

iv. Other (i.e., media)


Boon Lee Tee, 2007. Immobilization of Liquozyme X in Calcium Alginate Beads, Ms C Thesis, The Ohio State University

V. Collaborations: 

Objective C

Title: Safety of Foods Processed Using Four Alternative Processing Technologies

Contact: S.K. Sastry, Ahmed Yousef and VM (Bala) Balasubramaniam

i. Progress

Residence time distribution (RTD) of a fluid-solid food mixture during ohmic processing is being determined using a previously reported Radio Frequency Identification RFID methodology.

ii. Main accomplishments:  We have developed a rapid method for determination of RTD using RFID technology, which works at sterilization temperatures and under the influence of electric fields.

II. Impact statement (for non-specialized audiences) This work will enable the development of better quality, safe foods that are shelf-stable and do not require refrigeration.  We also expect that the technique can be used for other products and methods of processing.

III. Work planned for the next year (or indicate project completion) The influence of various parameters, such as flow rate and solids loading is being studied.

IV. Publications and presentations 

i.   Journal papers 

Abstracts, proceedings

iii. Presentations 

iv. Other (i.e., media) Approved Manuscripts, Theses and Miscellaneous Reports

V. Collaborations

The Ohio State University:  A.E. Yousef, V.M. Balasubramaniam

North Carolina State University: K. Swartzel, J. Simunovic, K.P. Sandeep, Lee-Ann Jaykus, Denis Gray

University of California, Davis: Diane Barrett, Christine Bruhn

Washington State University: Juming Tang

US Army Natick Laboratories:  Pat Dunne, Tom Yang, Judy Gaines

Title: Delivery of bioactive compounds using food as a carrier

Contact:Gönül Kaletunç

I. Progress report and principal accomplishments

i.  Progress report: We are developing microdevices that will protect, deliver, and release functional compounds at small intestines where they are absorbed. Food systems will be used as a carrier for microdevices. Preliminary studies have been conducted to encapsulate vitamin C in Eudragit to form particles of 15 micron diameter and 5 micron thickness.

ii. Main accomplishments 

II. Impact statement (for non-specialized audiences) 

Creation of novel food systems that protect the bioactive compounds during processing, storage, and GI tract and delivering to the targeted site in the human body thereby enhancing the nutritional and economic value of food products.  

III. Work planned for the next year (or indicate project completion)

IV. Publications and presentations 

i.   Journal papers (follow style guide for JFS, copied below)

ii.  Abstracts, proceedings: 

iii. Presentations 

iv. Other (i.e., media)

V. Collaborations: I collaborate with Biomedical Engineering Department and the Department of Human Nutrition at the Ohio State University

Objective D

Title: Safety of Foods Processed Using Four Alternative Processing Technologies

Contact: S.K. Sastry, Ahmed Yousef and VM (Bala) Balasubramaniam

i. Progress

Modeling of heat transfer in continuous processing of solid-liquid mixtures is in progress

ii. Main accomplishments:  Major parameters affecting safety in ohmic processing have been identified.  We are adapting this approach to the current product.

II. Impact statement (for non-specialized audiences) This work will enable the development of better quality, safe foods that are shelf-stable and do not require refrigeration.  

III. Work planned for the next year (or indicate project completion) The model will be experimentally evaluated using microbiological methods.  Once determined to be safe, product will be shipped for shelf-life evaluation.

IV. Publications and presentations 

i.   Journal papers 

Salengke, S., and Sastry, S.K.  2007. Models for ohmic heating of solid-liquid mixtures under worst-case heating scenarios. J. Food Engr. 83:337-355.

Salengke, S., and Sastry, S.K.  2007. Experimental investigation of ohmic heating of solid-liquid mixtures under worst-case heating scenarios. J. Food Engr. 83:324-336

Abstracts, proceedings

iii. Presentations 

iv. Other (i.e., media) Approved Manuscripts, Theses and Miscellaneous Reports

V. Collaborations

The Ohio State University:  A.E. Yousef, V.M. Balasubramaniam

North Carolina State University: K. Swartzel, J. Simunovic, K.P. Sandeep, Lee-Ann Jaykus, Denis Gray

University of California, Davis: Diane Barrett, Christine Bruhn

Washington State University: Juming Tang

US Army Natick Laboratories:  Pat Dunne, Tom Yang, Judy Gaines

Title: Reheating and Sterilization Technology for Food, Waste and Water 

Contact: Sudhir K. Sastry, A.E. Yousef

I. Progress report and principal accomplishments

i) Progress report (1-2 paragraphs)

Heat transfer and electric field models have been used for package optimization, and to determine cold spots in containers to assist in sterilization calculations

ii. Main accomplishments  A new, third-generation package has been developed for food sterilization, and is being tested with respect to heat transfer and microbiology.

iii. Impact statement (for non-specialized audiences) Such a package can improve earth-based thermal processes, and provide a viable food warming and sterilization alternative for NASA’s Mars mission.

iv. Work planned for the next year (or indicate project completion) Model will be tested by comparison of microbiological data using B. stearothermophilus as an indicator.

IV. Publications and presentations 

i.   Journal papers 

 Jun, S., and Sastry, S.K. 2007. Reusable Pouch Development for Long Term Space Mission: 3D Ohmic Model for Verification of Sterility Efficacy. J. Food Engr. 80:1199-1205.

Jun, S., Sastry, S.K., and Samaranayake, C. 2007.  Migration of electrode components during ohmic heating of foods in retortable pouches.  Innov. Food Sci. & Emerg. Technol. 8:237-243.

ii.  Abstracts, proceedings

Somavat, R., Sastry, S.K., Rodriguez-Romo, L.,and Yousef, A. 2007.  Ohmic sterilization inside a pouch made up of multilayered laminate for NASA’s long-duration space mission. Abstract No. 096-29.  Annual Meeting, Institute of Food Technologists, Chicago, IL, July 28-Aug. 1.

iii. Presentations 

iv. Other (i.e., media)

v. Collaborations 

Ohio State Univ/OARDC:  Ahmed Yousef

NASA:  Michele Perchonok

Title: Modeling the powder coating process

Contact: Sheryl Barringer

I. Progress report and principal accomplishments

Progress report (1-2 paragraphs)

The effect of particle size, density, charge and air velocity on transfer efficiency, evenness and separation of mixtures during powder coating was investigated using modeling and experimentation. Electrostatic and nonelectrostatic coating was tested using 28, 234 and 342 µm NaCl and 195 µm starch powders. Transfer efficiency increased as particle size, density or charge increased or as air velocity decreased. Evenness increased as particle size or density decreased, as velocity increased, or as charge increased to a peak. Electrostatic coating produced higher transfer efficiency and evenness than nonelectrostatic coating. Improvement in transfer efficiency and evenness due to electrostatics increased as NaCl size, density, charge or air velocity decreased. Powder mixtures did not separate by size during coating but did separate by density and charge. Starch was affected more by the collisions and charging than NaCl, which caused the separation.

ii. Main accomplishments 

The model has been developed and is being used by the company for further research and development. 

II. Impact statement (for non-specialized audiences)

Powder coating is used to apply flavors and vitamins to snack foods. Modeling the process allows us to understand how to improve the process by knowing how particle size, density, charge and air velocity change the coating. 

III. Work planned for the next year (or indicate project completion)

Project is complete

IV. Publications and presentations 

i.   Journal papers (follow style guide for JFS, copied below)

Yousuf S, Barringer SA. 2007. Modeling nonelectrostatic and electrostatic powder coating. J Food Eng 83: 550-561.

ii.  Abstracts, proceedings

iii. Presentations 

iv. Other (i.e., media)

Collaborations
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Objective B 
Title:
To measure and model process-dependent kinetic parameters which affect food quality and safety attributes – Chemical changes 
Contact:
J. Antonio Torres
Collaborators:
Gonzalo Velazquez, Michael Qian

I. Progress report and principal accomplishments
i.  Progress report 
New food processing technologies meeting higher safety expectations, extending shelf life and improving product quality are needed today. There is a strong and increasing consumer demand for fresh foods and products minimally affected by processing so as to preserve desirable compositional and sensory properties. For example, raw milk may be purchased directly from farms in 28 states and in 4 states, it may be purchased in retail stores. This is troublesome information for agencies monitoring food safety since its potential content of microbial pathogens poses a serious health risk to consumers. An analysis of the incidence of pathogenic bacteria in raw milk from 70 farms showed that 4.9% and 3.4% were positive for Listeria monocytogenes and L. innocua, respectively. Milk from 36 transport tankers tested for the presence of L. monocytogenes show a 2.8% to 11% contamination incidence. Improvements in thermal processing technologies explain why it remains a prevailing method to achieve microbial safety and inactivate enzymes and microorganisms responsible for food spoilage. However, the high temperatures used cause significant chemical changes in foods, particularly by thermal degradation reactions leading to off-flavours and other product quality losses. For example, high-temperature short-time (HTST) pasteurization treatments (72°C for 15 s) impart a slight cooked, sulphurous note that has become acceptable to milk consumers but its refrigerated shelf life is only approximately 20 d. Ultra pasteurization (UP), a process similar to HTST pasteurization using more severe treatments (e.g., 1 s at 89ºC, 0.1 s at 96ºC or 0.01 s at 100ºC ), used today by nearly 100% of organic milk processors, lowers flavour quality and causes more nutrient damage but yields milk with a refrigerated shelf life of approximately 30 d. Pressure treatments of 400 MPa for 15 min or 500 MPa for 3 min at room temperature achieves microbiological reductions similar to thermal pasteurization but it is not used commercially because long pressure processing times are not financially viable. In previous years, we have reported that HPP treatments (586 MPa for 3 and 5 min) at moderate temperature (55°C) extend the refrigerated shelf life of milk to over 45 d but its storage still requires refrigeration. On the other hand, ultra high temperature (UHT) processing (135-150°C for 3-5 s) yields milk that is stable at room temperature for 6 months; however, this process induces strong “cooked” off-flavour notes thus limiting its consumer acceptance in important market.

Future advances are expected from the synergistic effects of using high pressure and high temperature combinations in the rapidly evolving pressure-assisted thermal processing technology (PATP). PATP is not yet a commercial application and will require more complex safety validation procedures than HPP. PATP conditions are sufficiently severe to achieve the inactivation of bacterial spores.

ii. Main accomplishments 
Volatile formation in PATP milk was investigated from a reaction kinetic analysis point of view to illustrate the advantages of this technology. The concentration of 27 volatiles of different chemical class in milk subjected to pressure, temperature, and time treatments was fitted to zero-, 1st-, and 2nd-order chemical reaction models. Temperature and pressure effects on rate constants were analyzed to obtain activation energy (Ea) and activation volume (ΔV*) values. Hexanal, heptanal, octanal, nonanal and decanal followed 1st-order kinetics with rate constants characterized by Ea values decreasing with pressure reflecting negative ΔV* values. Formation of 2-methylpropanal, 2,3‑butanedione, and hydrogen sulfide followed zero-order kinetics with rate constants increasing with temperature but with unclear pressure effects. Ea values for 2-methylpropanal and 2,3‑butanedione increased with pressure, that is, ΔV* > 0, whereas values for hydrogen sulfide remained constant, that is, ΔV* = 0. The concentration of all other volatiles, including methanethiol, remained unchanged in pressure-treated samples suggesting large negative ΔV* values. The concentration of methyl ketones including 2‑pentanone, 2‑hexanone, 2‑heptanone, 2‑octanone, 2‑nonanone, 2‑decanone, and 2‑undecanone was independent of pressure and pressure-holding time. 
The interpretation of the formation of volatiles in milk on the basis of temperature and pressure effects on their kinetic constant (k) using the energy of activation and activation volume models assumes that the conversion of a reactant into a milk volatile passes through an intermediate or active state. The activation energy (Ea) needed to reach the activated state is always a positive value, whereas ΔV* values defined as the difference between the partial molar volumes of the activated state and the partial volumes of the reactants can be negative, positive or zero. Therefore, reactions with Ea decreasing with pressure will be consistent with an increased volatile formation in PATP-milk as compared to conventionally-treated milk. Moreover, these reactions will have negative ΔV* values and thus k-values at constant temperature will increase with pressure. The opposite behavior will be observed for reactions with Ea values increasing with pressure, while no pressure effects on Ea values will correspond to reactions with ΔV* = 0. For reactions with ΔV* >> 0, values for reaction kinetic constants at high pressure would be so low that volatile formation would not be observed. In the case of PATP milk, ΔV* values for straight-chain aldehydes were negative and an increase in pressure led to an increase in reaction rate constants. This was consistent with the observations that k values for these compounds increased with pressure. In addition, ΔV* values for straight-chain aldehydes decreased in absolute value with temperature, meaning that at higher temperatures, formation of aldehydes was less sensitive to pressure changes. ΔV* values for hydrogen sulfide remained fairly stable regardless of PATP temperature, an observation also consistent with the lack of pressure effect on its Ea value. ΔV* values for 2,3-butanedione were negative and appeared to be affected by temperature, but with an unclear trend. ΔV* values for 2-methylpropanal were not determined because its formation did not fit well the Arrhenius model (R2 < 0.648) used in the kinetic analysis. No changes in the concentration of methyl ketones and some sulfur compounds were noticed under pressure. Since these compounds are formed at atmospheric pressure, ΔV* values for their formation reactions must be positive, and very large, because these reactions were inhibited by pressure. It is important to highlight that the increase, decrease or lack of change caused by pressure and temperature on the formation of milk volatiles was explained with no need to assume alternative reaction pathways. This suggests that there are no reaction pathways for the 27 volatiles included in this study with a small formation rate at low pressure that would increase with pressure because of negative ΔV* values.
In summary, PATP promoted the formation of few compounds, had no effect on some and inhibited the formation of most volatiles reported to be factors of the consumer rejection of “cooked” milk flavor. The kinetic behavior observed suggested that new reaction formation mechanisms were not likely involved in volatile formation in PATP-milk. The application of the Le Chatelier principle frequently used to explain the high quality of pressure-treated foods, often with no supporting experimental evidence, was not necessary. 

Title:
To measure and model process-dependent kinetic parameters which affect food quality and safety attributes – Inactivation of bacterial spores
Contact:
J. Antonio Torres

Collaborators:
Mahfuz Sarker

I. Progress report and principal accomplishments

i.  Progress report 

To develop a spore inactivation strategy, the effect of 15 min hydrostatic pressure treatments (550 and 650 MPa) at 55 and 75 oC in citric acid buffer (4.75 and 6.5 pH) on spores of 5 isolates of Clostridium perfringens type A carrying the gene that encodes the C. perfringens enterotoxin (cpe) on the chromosome (C-cpe), 4 isolates carrying the cpe gene on a plasmid (P-cpe), and 2 strains of C. sporogenes were investigated. Treatments at 650 MPa, 75°C and pH 6.5 were moderately effective against spores of P-cpe (approximately 3.7 decimal reduction, DR) and C. sporogenes (approximately 2.1 DR) but not for C-cpe (approximately 1.0 DR) spores. Treatments at pH 4.75 were moderately effective against spores of P-cpe (approximately 3.2 DR) and C. sporogenes (approximately 2.5 DR) but not of C-cpe (approximately 1.2 DR) when combined with 550 MPa at 75°C. However, when pressure was raised to 650 MPa under the same conditions, high inactivation of P-cpe (approximately 5.1 DR) and C. sporogenes (approximately 5.8 DR) spores, and moderate inactivation of C-cpe (approximately 2.8 DR) spores were observed. Further advances in high-pressure treatment strategies to inactivate spores of cpe-positive C. perfringens type A and C. sporogenes more efficiently are needed.

The results of this study demonstrated that hydrostatic pressure levels of 550 to 650 MPa at pH 6.5 and RT are effective (>5 DR) against cpe-positive C. perfringens type A vegetative cells but not for spores. However, when hydrostatic pressure was combined with high temperature, spores of P-cpe isolates and C. sporogenes strains were significantly inactivated. Furthermore, when pH was lowered to 4.75, significant inactivation was achieved on spores of C-cpe, P-cpe and C. sporogenes isolates. Spores from C-cpe isolates are responsible for foodborne illnesses associated with temperature-abused heat-treated foods due to their much higher resistance to thermal treatments than P-cpe isolates. The molecular basis responsible for this difference in resistance to heat remains unclear. However, the small difference in pressure resistance between spores of C-cpe isolates and those of P-cpe isolates even under the most lethal treatments used in this study raises concern from a food safety perspective as spores of the P-cpe isolates may also survive pressure treatments that are lethal to bacterial cells. Since hydrostatic pressure might trigger spore germination, and in low-acid conditions (such as milk or meat products) the activated spores will outgrow if favorable conditions are provided. In addition, spores of C. sporogenes might also survive pressure treatments and cause food spoilage with important economic losses.

The lack of correlation between heat and pressure resistance for spores of cpe-positive C. perfringens type A strains tested in this study influences the selection of a model strain for further development of PATP strategies to inactivate C. perfringens spores. Strain 8239 with a D100°C of 124 might be a suitable candidate for development of thermal treatments while strain E13 appears a more plausible candidate to continue research on high pressure inactivation. Future studies could focus on the combination of PATP conditions and chemicals known to induce spore-germination (that is, L-alanine). Finally, the lethal effects of pressure-induced pH-shift on the lethality of hydrostatic pressure might differ from theoretical predictions when used in food systems. Foods contain organic acids and amino acid residues that can act as buffering agents and interfere with the pressure-induced pH-shift of the buffer system used to modify their pH. At present, no devices are commercially available to measure pressure-induced pH-shift in buffers and food systems.

II. Impact statement (for non-specialized audiences)
Findings reported by the Oregon Station represent a dramatic improvement in the understanding of the effect of temperature and pressure on reaction rates in foods and support the need for further research on pressure-assisted thermal processes to develop products meeting current consumer demand for dairy products with improved freshness (See Research Proposal 1 in the work planned section of this report). Most significantly, alternative reaction formation mechanisms are not likely involved in pressure treatments as differences in volatile concentration between milk subjected to conventional and pressure-assisted thermal treatments could be interpreted on the basis of the kinetic analysis here presented and reactions already well-described in the literature. This is very important to food processors that use high pressure processing, as it will enhance the acceptance of pressure processing as a novel technology alternative for improved-quality foods. The likelihood that pressure-assisted thermal processes may produce new compounds of unknown safety appears to be low. Moreover, it appears that pressure could be used to reduce significantly the chemical damage to foods of conventional thermal treatments. PATP can help preserve not only quality factors and desirable constituents with important health benefits to consumers, but also inhibit formation reactions for potential toxicants (See Research Proposal 2 in the work planned section of this report). 

PATP may be one strategy that the dairy industry could explore to satisfy the demand for milk with minimum processing effects on its freshness. This may reduce the current health concern caused by increasing consumption of raw milk now legal to bring to market in several states. Furthermore, it represents an opportunity to replace the current use of ultrapasteurization by the dairy industry with PATP and thus meeting the demand for minimally processed foods by consumers preferring organic milk and dairy products.

III. Work planned for the next year (or indicate project completion)
Research Proposal 1: Improving processed food quality by pressure-assisted thermal treatments

Status:
Submitted to NRI Food Safety (not funded, will be reviewed and resubmitted)

Project Director:
J. Antonio Torres, NC1023 Station Representative & HPP Subcommittee Chair

National Collaborators:
Robert Durst, Oregon State University; VM (Bala) Balasubramaniam & Monica Giusti, The Ohio State University; Jose Reyes, Citrus Research and Education Center, Lake Alfred, U of Florida; Stephanie Jung, Iowa State University

The objective of this collaborative proposal is to generate evidence of the competitive advantages of PATP over conventional thermal processing. Based on the preliminary research on milk briefly described above, the central hypothesis in the work proposed is that most chemical reactions accelerated by thermal processing will be inhibited by pressure. Pressure-assisted thermal processing may be the first technology that goes against the well-established observation that increasing the severity of processing conditions produces microbiologically-safer but more chemically-damaged foods. Preliminary research on milk showed that the more we increase pressure in PATP-treated foods the more we reduce heat damage to foods. The central project hypothesis led to the following research aims:

	AIM 1:
	Degradation of Specific Chemical Quality Factors in PATP foods:

	Sub-aim 1.1
	Phenolics in berries (Ohio SU)

	Sub-aim 1.2
	Vitamin B6 in soy milk (Iowa SU)

	Sub-aim 1.3
	Vitamin C in solutions & orange/mango juice (Oregon SU/ U Florida)

	AIM 2:
	Expected project applications (All)

	Sub-aim 2.1
	Interpret reaction kinetics 

	Sub-aim 2.2
	PATP recommendations 

	AIM 3:
	Communications and education (All)

	Sub-aim 3.1
	PATP Technology Workshop, A New Businesses Opportunity

	Sub-aim 3.2
	Instruction Package: Reaction kinetics at high pressure and high temperature


Research Proposal 2: Chemical Safety Advantages of Pressure-Assisted Thermally-Treated Foods

Status:
Letter of intent submitted to NRI Food Safety (proposal not submitted)

Project Director:
J. Antonio Torres, NC1023 Station Representative & HPP Subcommittee Chair

Project Consultant:
Roderick H. Dashwood, Chief, Cancer Chemoprotection Program, Linus Pauling Institute, Oregon

National Collaborators:
Robert Durst, Oregon SU; Gustavo Barbosa-Cánovas, Washington SU; VM (Bala) Balasubramaniam & Monica Giusti, Ohio SU; Jose Reyes, Citrus Research and Education Center, Lake Alfred, UF; Stephanie Jung, Iowa SU; Jacek Jaczynski, West VU
Conventional heat processing has well-established microbial inactivation advantages but when used to deliver safe foods the consumer-desired food “freshness” is often lost. Minimal processing strategies can meet this freshness goal but cannot ensure the safety of many foods. Pressure-assisted thermal treatments may provide shelf-stability, freshness protection and shorter processing times but no studies have examined in a comprehensive manner the chemical safety of foods treated by combined high‑pressure and high‑temperature processes. Also lacking are studies on the chemical stability of the many compounds that have been reported to have desirable health protection benefits (e.g., polyphenols such as catechins). 

The central hypothesis in the work proposed in this letter of intent is that chemical reactions induced by thermal processing are inhibited by hydrostatic pressure. Preliminary work has shown pressure-assisted thermal processing may be the first technology that goes against the well-established observation that more severe processing conditions produces microbiologically-safer but more chemically-damaged foods. Preliminary research has shown that we can use heat with more pressure to reduce even more the heat damage to foods. This central project hypothesis led to the following research aims:

AIM 1: Reduced formation risk of toxic compounds

Absence of mutagens by application of the Ames and Comet screening tests

The Ames Salmonella/microsome mutagenicity test is a bacterial reverse mutation assay specifically designed to detect a wide range of chemical substances producing genetic damage. The test employs histidine-dependent Salmonella strains carrying different mutations in various genes in the histidine operon. When Salmonella test strains are grown on a minimal media agar plate containing a trace of histidine, only bacteria that revert to histidine independence (his +) are able to form colonies. While the number of spontaneously-induced revertants is relatively constant, mutagens added to the plate increase the number of revertants, usually in a dose-related manner. 

The comet assay is a technique to measure DNA damage and other DNA alterations in individual cells. The name for the technique comes from the comet-like shape seen under the microscope when using this procedure. The technique is also named single cell gel electrophoresis assay, which is more descriptive. The comet assay has advantages compared to some other genotoxicity tests as it does not require proliferating cells, it is relatively sensitive, the procedure is quite fast and simple, and it can be applied to a wide range of different cell types. Exposed and control cells are embedded in an agarose gel ‘sandwich’ on a microscope slide. The cells are then subjected to electrophoresis.

Reduced formation of specific toxic compounds

Several toxic compounds are formed during the heating of foods and include furans from the thermal degradation of ascorbic acid in the presence of free amino acids and sugars, benzene from the decarboxylation reaction of benzoic acid in the presence of ascorbic acid and a transition-metal catalyst, and acrylamide formation from the reaction of asparagine and free reducing sugars. We will use analytical techniques to assess whether the formation risk of these compounds decreases from the pressure effect on its formation reaction as predicted by our central research hypothesis or increases which would require future further studies to assess means to prevent their formation.

AIM 2: Reduced destruction of compounds with desirable health protection benefits including cancer

If desirable health compounds are protected by pressure during thermal processing they should be found at higher concentrations in pressure-assisted than in conventionally thermally-processed foods. Aqueous and organic solvent extracts of unheated controls and conventionally and pressure-assisted thermally-processed foods could be tested for their ability in reducing the toxic effects as measured by the Ames and the Comet tests. The protective effect of the food extract can be demonstrated by co-administering a positive mutagen and one of the extracts in the Ames and the Comet tests. A dose response is typically observed. This concept will be demonstrated using green tea extracts previously investigated by the Oregon Linus Pauling Institute. We propose to investigate also desirable health components from minerals which are in many cases bound to temperature-sensitive colloidal systems (e.g. calcium in dairy products). Pressure assisted processing may shift the free vs colloidal mineral equilibrium to protect mineral-rich foods to thermally induced mineral precipitation. 

This integrated multi-station project includes strong teaching and extension components. The former will include teaching modules on reaction chemistry at high-pressure and high-temperature for incorporation into the courses taught by project participants.  They will be available at distribution-cost to any instructor requesting them. The extension component will be the dissemination of hydrostatic pressure processing technology, a novel technology that achieved commercial maturity with many products currently on the market. A workshop will achieve several objectives such as providing information on opportunities to generate new niche businesses; offering educational opportunity to professionals working in the agriculture and food industry; and, disseminating findings of this project if pressure-assisted thermal treatments yield improved quality products. 

IV. Publications and presentations 
 i.   Journal papers 
Vázquez-Landaverde PA, Qian MC, Torres JA. 2007. Kinetic analysis of volatile formation in milk subjected to pressure-assisted thermal treatments. Journal of Food Science 72: E389-E398.

Paredes-Sabja D, Gonzalez M, Sarker MR, Torres JA. 2007. Combined effects of hydrostatic pressure, temperature and pH on the inactivation of spores of Clostridium perfringens type A and Clostridium sporogenes. Journal of Food Science 72 (6): M202-M206.

Kongraksawech T, Vazquez P, Huerta-Ruelas J, Torres JA. 2007. Ionic strength and pH effects on optical thermographs for bovine serum albumin (BSA). Ciencia y Tecnología Alimentaria (Food Science & Technology, Spain) 5(4): 259-264.

Wibowo S, Velazquez G, Savant V, Torres JA. 2007. Effect of the chitosan type on the treatment of surimi wash water by chitosan-alginate complexes for protein and water recovery. Bioresource Technology 98: 539–545.

Wibowo S, Savant V, Cherian G, Savage TF, Velazquez G, Torres JA. 2007. A feeding study to assess nutritional quality and safety of surimi wash water proteins recovered by a chitosan-alginate complex. Journal of Food Science 72(3): S179-S184.

Ramirez JA, Velazquez G, López Echevarría G, Torres JA. 2007. Effect of adding insoluble solids from surimi wash water on the functional and mechanical properties of Pacific whiting grade A surimi. Bioresource Technology 98: 2148–2153. 

Vázquez-Landaverde PA, Torres JA, Qian MC. 2006. Effect of high pressure-moderate temperature processing on the volatile profile of milk. Journal of Agricultural and Food Chemistry 54: 9184-9192.

Vázquez-Landaverde PA, Torres JA, Qian MC. 2006. Quantification of trace volatile sulfur compounds in milk by solid-phase microextraction and gas chromatography–pulsed flame photometric detection. Journal of Dairy Science 89:2919-2927.

Uresti RM, Velazquez G, Vazquez M, Ramirez JA, Torres JA. 2006. Effect of combining microbial transglutaminase and high pressure processing on the mechanical properties of restructured products from arrowtooth flounder (Atheresthes stomias). Food Chemistry 94: 202-209.
ii. Book Chapters
Torres JA, Velazquez G. 2007. Hydrostatic pressure processing of foods. In Food Processing Operations and Modeling, 2nd edition, J. Irudayaraj, S. Jin (editors), CRC Press Inc.

Torres JA. 2006. Alta presión hidrostática (APH): Una nueva tecnología de alto valor agregado a frutos tropicales y subtropicales (High pressure processing (HPP): A new technology to add value to tropical and subtropical fruits). In Propiedades Fisicoquímicas y Sistemas de Procesado de Productos Hortofrutícolas en el Desarrollo Agroalimentario (Physicochemical Properties & Processing Systems for Horticultural Products in the Development of the Agriculture & Food Sector), G. Salamanca Grosso (compiler), Ibagué, Colombia.

Torres JA. 2006. Estrategias de control de la cadena de frío y su impacto en la calidad y seguridad de los alimentos (Strategies for the control of the food chain and its impact on food quality and safety). In Propiedades Fisicoquímicas y Sistemas de Procesado de Productos Hortofrutícolas en el Desarrollo Agroalimentario (Physicochemical Properties & Processing Systems for Horticultural Products in the Development of the Agriculture & Food Sector), G. Salamanca Grosso (compiler), Ibagué, Colombia.

Torres, J.A., Chen, Y-C., Rodrigo García, J., Jaczynski, J. 2006. Recovery of by-products from seafood processing waste streams. In Maximising the Value of Marine By-Products, F. Shahidi (editor), Woodhead Publishing Limited. Cambridge, UK.

Jaczynski J, Chen Y-C, Rodrigo García J, Velazquez G, Torres JA. 2006. Lípidos, proteínas y aminoácidos (Lipids, proteins and aminoacids). In Tecnología de Productos de Origen Acuático (Aquatic Food Technology), Volume I, Recursos Marinos y Utilización de Subproductos (Marine Resources and Utilization of Subproducts), Guerrero Legarreta, I., Rosmini, M.R., Armeneta López, R.E. (editors), Editorial LIMUSA, S.A. de C.V. México D.F.

Jaczynski J, Chen Y-C, Velazquez G,  Torres JA. 2006. Procesamiento de Productos Pesqueros con Haz de Electrones (Seafood processing by e-beam irradiation). In Tecnología de Productos de Origen Acuático (Aquatic Food Technology), Volume II, Tecnología de Pescado y Mariscos (Shellfish and Seafood Technology), Guerrero Legarreta, I., Rosmini, M.R., Armeneta López, R.E. (editors), Editorial LIMUSA, S.A. de C.V. México D.F.

Velazquez G, Vazquez M, Torres JA. 2006. Procesamiento de Productos Pesqueros por Alta Presión Hidrostática (Seafood processing by high hydrostatic pressure). In Tecnología de Productos de Origen Acuático (Aquatic Food Technology), Volume II, Tecnología de Pescado y Mariscos (Shellfish and Seafood Technology), Guerrero Legarreta, I., Rosmini, M.R., Armeneta López, R.E. (editors), Editorial LIMUSA, S.A. de C.V. México D.F.

iii.   Non-refereed Publications 

Torres JA, Rios RA. 2006. Alta presión hidrostática: Una tecnología que irrumpirá en Chile (High pressure technology: A technology emerging in Chile). Agro Económico, Febrero (Economic Agriculture, Chile, February): 40-43.

Tirado J, Paredes D, Velazquez G, Torres JA. 2006. Control de la cadena de frío para productos cárnicos refrigerados (Cold chain control for refrigerated meat products). Industria Alimentaria (Food Industry, Mexico) 28(2): 22-26

iv.   Presentations 

Torres JA. 2007. Tecnología de altas presiones: la experiencia en Oregon State University. (High pressure technology: the experience at Oregon State University). Presented at the Instituto del Frio, Consejo Superior de Investigaciones Científicas (Cold Technology Institute, Advanced Center for Scientific Research), Madrid, Spain.

Torres JA. 2007. Modelos matemáticos: mejoramiento de la calidad y seguridad de los alimentos. (Mathematical models: improvement of food quality and safety). Presented at the Instituto de Matemáticas Aplicadas (Applied Mathematics Institute, Advanced Center for Scientific Research), Madrid, Spain.

Torres JA. 2007. Reflections on multidisciplinary education. Presented at U. La Serena (Dept of Food Engineering), Pontífica U. Católica de Chile (Pontific Catholic U. of Chile, Dept. of Chemical Engineering and Bioprocesses), U. Chile (Dept. of Agroindustries and Enology), U. Bio-Bio (Dept of Food Engineering), and Pontífica U. Católica de Valparaíso (Pontific Catholic U. of Valparaiso, Regional Center for Research on Health Foods and Dept. of Biochemical Engineering), Chile.

Torres JA. 2007. Conexiones históricas al pasado y al futuro de la tecnología de los alimentos (Historical connections to the past and future of food technology). Presented at the Universidad de las Americas Puebla (University of the Americas at Puebla), Cholula, Pue; Universidad Nacional Autonoma de Mexico (Autonomous National University of Mexico), Mexico City, DF; Universidad Veracruzana (Veracruz University), Xalapa, Ver, Mexico.

Torres JA. 2007. Conexiones históricas al pasado y al futuro de la tecnología de los alimentos (Historical connections to the past and future of food technology). Presented at the Universidad de las Americas Puebla (University of the Americas at Puebla), Cholula, Pue; Universidad Veracruzana (Veracruz University), Xalapa, Ver, Mexico.

Torres JA. 2007. Conexiones históricas al pasado y al futuro de la tecnología de los alimentos (Historical connections to the past and future of food technology). Presented at the XVI Simposium Internacional de Ingeniería en Industrias Alimentarias (International Food Engineering Symposium), Alimenta tu Ingenio 4.0 (Feed your Imagination 4.0), Retando las Tecnologías del Futuro (Challenging the Technologies of the Future), Instituto Tecnológico de Estudios Superiores de Monterrey (Monterrey Institute of Technology), Monterrey, N.L., México

Torres JA. 2006. Cinética de reacciones químicas a altas presiones y temperatura (Chemical reaction kinetics at high pressure and temperatura). Presented at the Universidad Nacional de Colombia (National University of Colombia), Bogota, Colombia. 

Torres JA. 2006. Alta presión hidrostática (APH): Una nueva tecnología de alto valor agregado a frutos tropicales y subtropicales. Presented at the II Seminario Hortofrutícola Colombiano y el I Congreso Iberoamericano de Sistemas de Procesado (Second Colombian Horticultural Seminar and First Iberoamerican Processing Systems Meeting), Ibagué, Colombia.

Torres JA. 2006. Estrategias de control de la cadena de frío y su impacto en la calidad y seguridad de los alimentos. Presented at the II Seminario Hortofrutícola Colombiano y el I Congreso Iberoamericano de Sistemas de Procesado (Second Colombian Horticultural Seminar and First Iberoamerican Processing Systems Meeting), Ibagué, Colombia.

Torres JA. 2006. Alta presión hidrostática (HPP): Una tecnología de punta instalada en México para alimentos de excelente calidad y alto valor agregado (High hydrostatic pressure (HPP): A cutting-edge technology installed in México for food products with excellent quality and large added value). Presented at the Universidad Autonoma de México (Autonomous University of Mexico), México, D.F.

Torres, J.A. 2006. Alta presión hidrostática (HPP): Una tecnología de punta instalada en México para alimentos de excelente calidad y alto valor agregado (High hydrostatic pressure (HPP): A cutting-edge technology installed in México for food products with excellent quality and large added value). Presented at the III Congreso Internacional de Ingeniería Química y Alimentos (Third International Meeting of Chemical and Food Engineering), Universidad de las Américas Puebla (University of the Americas at Puebla), Cholula, Mexico

Torres, J.A. 2006. Estrategias de control de la cadena de frío para productos refrigerados: Impacto en su calidad y vida de anaquel (Strategies for the control of the cold chain for refrigerated products: Impacto n its quality and shelf-life). Presented at the III Congreso Internacional de Ingeniería Química y Alimentos (Third International Meeting of Chemical and Food Engineering), Universidad de las Américas Puebla (University of the Americas at Puebla), Cholula, Mexico

NC 1023 2007 STATION REPORTS


NC 1023 SOUTH DAKOTA Station report:

Station _SOUTH DAKOTA_

	Representative_K. MUTHUKUMARAPPAN_

Affiliation       _South Dakota State University
	Email   MUTHUKUM@SDSTATE.EDU

Phone  _1-605-688-5661__

Fax:     _1-605-688-6764__




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

Title: CHARACTERIZATION OF MASS TRANSFER DURING MEMBRANE PROCESSING OF BIOLOGICAL FLUIDS
Contact: K. MUTHUKUMARAPPAN, LLOYD METZGER AND CHENCHAIAH MARELLA

I. Progress report and principal accomplishments

i. Progress report (1-2 paragraphs): 


Membrane separations are green process in nature and are widely used in processing of biological fluids.  Among food processing applications dairy applications account for largest share of installed membrane area. Transport of solvents and solutes across the membranes is a complex phenomenon and is complicated by fouling, concentration polarization, solute-solute and solute-membrane interactions. Understanding and characterization of mass transport is essential in design and development of membrane based separation systems. With the aim of understand and characterize the mass transport of permeate and proteins in cheese whey processing we intend to 1) Characterize the mass transfer in Microfiltration and Ultrafiltration of cheese whey using resistance model. 2) Characterize the protein transmission data in the above processes. 3) Investigate the effect of feed and process variables on mass transfer rates through membrane separations and 4) Investigate use of processing aids in enhancing the mass transport through membranes. We conducted Microfiltration experiments using 0.2 micron PVDF membrane. Cheddar cheese whey was processed using 4 pH levels and 3 TMP levels in a 4 x 3 factorial design. With aim of selectively transmitting the α Lactalbumin through the membrane pores, Ultrafiltration experiments were conducted using 3 types of membranes and 3 levels of TMP in a 3 x 3 factorial design. We also conducted preliminary studies in the use of processing aids in enhancing the mass transfer rates. We used 30 and 100 kDa PES membranes in this study. 

ii. Main accomplishments :

We observed that removal of macromolecules responsible for fouling of the membranes helped achieve better mass transfer rates through the membranes. We identified right pH (6.3), membrane (0.2 micron PVDF) and Trans-Membrane pressure (76 kPa) from Microfiltration experiments with cheese whey. This combination gave highest mass transfer rate of 121 LMH and protein transmission of 0.8. In Ultrafiltration experiments using permeate form Microfiltration as feed, 300 kDa PES membrane operated at 110 kPa gave highest mass flow rate of 102 LMH. However specific transmission of α Lactalbumin is best accomplished with 50 kDa PVDF membrane operated at 310 kPa TMP.  Use of Pronovate, a commercially available processing aid gave improved mass transfer rates in Ultrafiltration experiments.

II. Impact statement (for non-specialized audiences)

Membrane processing is widely used in processing of biological material such as cheese whey.  Accumulation of solutes present in the liquid streams on the membrane surfaces and blockage of pores in the membranes lead to reduced mass transfer rates in membrane processing. This will lead to extended processing runs and costly chemical cleaning cycles. Membrane life is reduced in this process causing economic loss to cheese whey processors. Better understanding of transport mechanisms across the membranes help model the separation processes and mitigate the problems of the cheese whey processors employing membrane based separation systems. We identified the best feed and process variables for achieving high mass transfer rates in Microfiltration and Ultrafiltration of cheese whey. The data will be very much useful to dairy processors in proper modeling and use of membrane based separation systems.

III. Work planned for the next year (or indicate project completion)

· Characterization of mass transfer in MF and UF processes using the data collected in the experiments.

· Use of calcium chelating agents as processing aids in enhancing the mass transport and protein transmission in Microfiltration of cheese whey.
IV. Publications and presentations 

i. Journal papers (follow style guide for JFS, copied below)

2. Chevanan, N. and Muthukumarappan, K. 2007. Effect of Calcium and Phosphorus, Residual Lactose, and Salt-to-Moisture Ratio on the Melting Characteristics and Hardness of Cheddar Cheese during Ripening. Journal of Food Science, 72 (4): E168-E176.
3. Kapoor, R., Metzger, L. E., Biswas, A. C. and Muthukumarappan, K. 2007. Effect of Natural Cheese Characteristics on Process Cheese Properties. Journal of Dairy Science 90: 1625-1634.
4. Muthukumarappan, K. and C. Marella. 2007. Food Freezing Technology in the Food Machinery Handbook. April 2007. ISBN: 0-8155-1538-3. Ed. Myer Kutz, William Andrew Pub. Inc.

5. Ganesan, V., K. Muthukumarappan, and N. Joshi. 2007. Modeling calcium concentration and rheological characteristics of Mozzarella cheese using Neural Network. Applied Engineering in Agriculture 23(1): 83-88.
6. Chevanan, N., K. Muthukumarappan and K. Rosentrater. 2007. Effect of Die Dimensions on Extrusion Processing Parameters and Properties of DDGS-Based Aquaculture Feeds. Journal of Cereal Chemistry 84(4): 389-398.
7. Singh, G. and Muthukumarappan, K. 2007. Influence of calcium fortification on sensory, physical and rheological characteristics of fruit yogurt. LWT – Food Science and Technology (In press).
ii. Abstracts, proceedings

1. Marella, C and Muthukumarappan, K. 2006. Whey protein fractionation using a multistage Ultrafiltration system. Presented at the 2006 ASABE Annual International Meeting, July 9-12, Portland, Oregon.

2. Marella, C and Muthukumarappan, K. 2007. Development of tailor made feed with high concentrations of α- Lactalbumin and β-Lactoglobulin from cheese whey. Presented at the 2007 ASABE Annual International Meeting, June 17-20, Minneapolis, MN.

3. Marella, C and Muthukumarappan, K. and Neil Reese 2007. Fractionation of α- Lactalbumin and β-Lactoglobulin from tailor made cheese whey feed. Presented at the 2007 ASABE Annual International Meeting, June 17-20, Minneapolis, MN.

iii. Presentations 

iv. Other (i.e., media)

V. Collaborations


It is a collaborative project between South Dakota State University and University of Minnesota.

NC 1023 Station Reports (Additions)

Station _Tennessee_______

September 30 to October 2, 2007

	Representative_ Qixin Zhong_______

Affiliation       _Dept. of Food Science and Technology, Univ. of Tennessee___
	Email   _qzhong@utk.edu_

Phone  __(865) 974-6196__

Fax:     __(865) 974-7332__


Objective A 

1. Rheological 

Title: Enhanced Functionalities of Whey Proteins Treated by Supercritical Carbon Dioxide
Contact: Qixin Zhong (qzhong@utk.edu; 865-974-6196)

I. Progress report and principal accomplishments

i.  Progress report (1-2 paragraphs)


The objective of this project was to research the effects of supercritical carbon dioxide (scCO2) treatments on the functionalities of commercial whey protein products, i.e. whey protein isolates (WPI) and whey protein concentrates (WPC). The WPI and WPC powders and a 10% (w/v) WPI solution were treated by scCO2. The solution was treated at 40 (C and 10 MPa for 1 h, while WPI and WPC powders were treated with scCO2 at 65 (C and 10 or 30 MPa for 1 h. Dynamic rheological tests were used to characterize gelation properties before and after processing. Compared to the unprocessed sample and that processed with N2 at similar conditions, scCO2-treated WPI, whether dispersed in water or in the powder form during treatments, formed a gel with an increased strength. The improvement in gelling properties was more significant for the scCO2-treated WPC. In addition, the scCO2-processed WPI and WPC powders appeared to be fine, freely-flowing, in contrast to clumps in the unprocessed samples. Proximate compositional and surface hydrophobicity analyses indicated that both compositional and structural changes may have contributed to enhanced whey protein functionalities. 

ii. Main accomplishments 

The results suggest functionalities of whey proteins can be improved by scCO2 to produce novel ingredients.

II. Impact statement (for non-specialized audiences)


The technology in this project may be developed into a purely physical, “green” method to produce specialized protein ingredients.

III. Work planned for the next year (or indicate project completion)


More extensive extraction conditions will be investigated. Interfacial properties of processed whey proteins will be studied in collaboration with NC State.

IV. Publications and presentations 

i.   Journal papers (follow style guide for JFS, copied below)

ii.  Abstracts, proceedings

Zhong, Q. and M. Jin. 2007. Enhanced functionality of whey protein treated by supercritical carbon dioxide. The 2007 IFT Annual Meeting, July 28- August 1, Chicago, IL (paper # 207-04).

iii. Presentations 

Zhong, Q. and M. Jin. 2007. Enhanced functionality of whey protein treated by supercritical carbon dioxide. The 2007 IFT Annual Meeting, July 28- August 1, Chicago, IL (paper # 207-04, oral presentation).

Zhong, Q. 2007. “Interfacial Tension, Large or Small: Making it a Useful Tool for Researching Food Systems.” Presented at the Department of Animal and Food Science, University of Kentucky, Lexington, KY. April 19, 2007. (Invited Seminar)

iv. Other (i.e., media)

V. Collaborations

Title: Viscoelastic Properties of Zein Dispersed in Ethanol/Water Mixtures
Contact: Qixin Zhong (qzhong@utk.edu; 865-974-6196)

I. Progress report and principal accomplishments

i.  Progress report (1-2 paragraphs)

Zein is a category of alcohol-soluble corn proteins that have been utilized for various applications. Many applications of zein have been developed, including films and particulate delivery systems. The development of these applications conventionally involves a step of dissolving zein in a binary solvent mixture of ethanol and water, whose viscoelasticity remains to be understood. In this project, dynamic rheological tests were used to characterize viscoelastic properties of zein dissolved in 55-90% ethanol (v/v, the rest was deionized water). Frequency sweep tests were performed at 37, 20, and 5 (C. Heating and cooling ramps were applied from 5 to 40 (C and then 40 to 5 (C at a thermal rate of 0.5 (C/min. At a same temperature, elastic modulus was highly dependent on the zein concentration and solvent composition (e.g. Figure 2A), but no strong conclusion could be drawn for these two parameters. The temperature-dependence of elastic modulus was also strongly affected by the solvent composition. At 55% ethanol (Figure 2B) and 80% ethanol, elastic modulus was smaller at a lower temperature; while temperature affected the elastic modulus only slightly at 70% ethanol. 

ii. Main accomplishments 

The results suggest viscoelastic properties of zein dispersions are strongly affected by formulations and thermal histories. The thermal responses of zein dispersions may be useful for applications where a weaker structure is needed at a lower temperature.

II. Impact statement (for non-specialized audiences)


Unique viscoelastic properties of zein dispersions observed from this project may provide fundamental information required for developing novel applications of zein, which will add value to zein.

III. Work planned for the next year (or indicate project completion)


No work is planned..

IV. Publications and presentations 

i.   Journal papers (follow style guide for JFS, copied below)

ii.  Abstracts, proceedings

Zhong, Q. and J.T. Bell. 2007. Characterizing viscoelastic properties of zein dispersions for novel applications. The 2007 IFT Annual Meeting, July 28- August 1, Chicago, IL (paper # 096-26).

iii. Presentations 

Zhong, Q. and J.T. Bell. 2007. Characterizing viscoelastic properties of zein dispersions for novel applications. The 2007 IFT Annual Meeting, July 28- August 1, Chicago, IL (paper # 096-26, poster presentation).

iv. Other (i.e., media)

OBJECTIVE B

3. Microbial kinetics 

c. Microbial destruction in non-thermal processes is a relatively new area of study and constitutes a new direction for this committee. The kinetics of these processes will be studied at the IL, VA, OH, OR, NE, TX and WA stations. 

Title: Non-thermal Pasteurization of Produce Using Dense Phase Carbon Dioxide
Contact: Qixin Zhong (qzhong@utk.edu; 865-974-6196)

I. Progress report and principal accomplishments

i.  Progress report (1-2 paragraphs)


While the use of some chemical sanitizers is approved for inactivation of microbes on the surfaces of fruits and vegetables, these compounds often degrade product quality with limited improvement in product safety. The application of dense phase carbon dioxide (DPCD, high pressure CO2) is a non-thermal process for inactivation of foodborne pathogens inoculated into various juices and model solutions. In this work, DPCD was evaluated for its potential to inactivate E. coli K-12, a surrogate for E. coli O157:H7, inoculated on fresh spinach leaves. Inoculated leaves were exposed for up to 40 min to DPCD at a subcritical condition (5 MPa, 40(C) and two supercritical conditions (7.5 and 10 MPa, 40(C) at a flow rate of 50 g CO2/min. E. coli K-12 populations were reduced to non-detectable levels (>5-log reduction) for treatments under supercritical conditions at an exposure time as short as 10 min (Figure 3); efficacy of DPCD at the subcritical state was limited. 
Figure. 3.  DPCD processing of spinach leaves at 40(C and 7.5 MPa for 10 min: (A) visual appearance of leaves before (left) and after (right) processing; (B) Inactivation kinetics of surface-inoculated E. coli K12 . Error bars represent one standard deviation; data points labeled with different letters are statistically different (P≤0.05).

ii. Main accomplishments 

This research demonstrates that DPCD has excellent potential as a pasteurization technology for application to leafy green vegetables, although issues with discoloration and other quality measures will need more extensive evaluations.

II. Impact statement (for non-specialized audiences)


The project develops a “green,” non-thermal technology that can achieves the pasteurization of produce at low tempeartures.

III. Work planned for the next year (or indicate project completion)


We will continue to study DPCD as a non-thermal pasteurization technology to enhance the safety of produce. The extended variables include surface topology (strawberry, for example), microbial strains (E. coli and Salmonella) and quality parameters (e.g. firmness, color).

IV. Publications and presentations 

i.   Journal papers (follow style guide for JFS, copied below)

ii.  Abstracts, proceedings

Black, D.G., M.T. Taylor, D.A. Golden, P.M. Davidson, and Q. Zhong. 2007. Non-thermal pasteurization of spinach leaves using dense phase carbon dioxide. The 2007 IAFP Annual Meeting, June 8-11, Lake Buena Vista, FL (paper # P1-35).

iii. Presentations 

Black, D.G., M.T. Taylor, D.A. Golden, P.M. Davidson, and Q. Zhong. 2007. Non-thermal pasteurization of spinach leaves using dense phase carbon dioxide. The 2007 IAFP Annual Meeting, June 8-11, Lake Buena Vista, FL (paper # P1-35, poster presentation).

Zhong, Q. 2007. “Enhancing Food Safety from Food Biophysics Perspectives.” Presented at the USDA-ARS-SAA Russell Research Center, Athens, GA. March 30, 2007. (Invited seminar)

iv. Other (i.e., media)

V. Collaborations

NC 1023 Report:  Texas Station 

	Representative:  Rosana Moreira

Affiliation:        Texas A&M University
	Email :   rmoreira@tamu.edu

Phone :  (979) 847-8794

Fax:       (979) 845-3932




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

Title: Electron Beam Irradiation and its Effect on Antimicrobial Agent Release from  Polyamide-Coated LDPE Films

Contact: Elena Castell-Perez

I. Progress report and principal accomplishments

Progress report

We investigated the effect of electron beam irradiation (up to 20 kGy) using a 2-MeV Van de Graaff electron accelerator, storage temperature (4ºC, 21 ºC, 35ºC), and pH (4, 7, 10) of food simulant solutions on the release characteristics of an antimicrobial compound, trans-cinnamaldehyde, incorporated into polyamide-coated low-density polyethylene (LDPE) films. Irradiation slowed down the release of the compound into the solution by 69%, compared with the non-irradiated controls, from 0.252 to 0.086 µg/mL/h. Storage temperature and pH of the food simulant solutions (10% aqueous ethanol) affected the release rate of trans-cinnamaldehyde, which decreased to 0.013 µg/mL/h at refrigerated temperature (4ºC) compared with the higher temperatures (0.029 and 0.035 µg/mL/h at 21ºC and 35ºC, respectively). The fastest release rate occurred when the compound was exposed to the acidic food simulant solution (pH 4). 

Fourier transform infrared (FTIR) analysis revealed that exposure to ionizing radiation up to 10 kGy did not affect the structural conformation of LDPE/polyamide films and the trans-cinnamaldehyde in the films, though it induced changes in the functional group of trans-cinnamaldehyde when dose increased up to 20 kGy.

Main accomplishments 

This study demonstrated that application of ionizing radiation plays an important role as a controlling factor for release of GRAS active compounds in polymeric films.

Studies done with a radiation stable compound (naphthalene) showed that ionizing radiation induced the crosslinking in polymer networks of LDPE/polyamide film and induced a more gradual release of the compound. This knowledge will help in design of packaging materials with the best functionality (barrier, strength).
II. Impact statement 


The application of electron beam will aid in the design and development of reliable and effective active food packaging systems to ensure the safety of fresh produce. Potential applications include the reduction of radiation dose required to eliminate surface pathogens in minimally processed fresh produce such as spinach and lettuce.

III. Work planned for the next year 

Will continue studies on different antimicrobial agents, food systems (e.g., parsley, spinach), and dose levels.
Will study combination of e-beam irradiation with Modified Atmosphere Packaging (MAP) for decontamination of leafy vegetables. Focus will be on package design for radiosensitization of selected pathogens.

IV. Publications and presentations 

Journal papers

Han J, Castell-Perez ME, Moreira RG. 2006. The Influence of Electron Beam Irradiation of Antimicrobial-Coated LDPE/Polyamide Films on Antimicrobial Activity and Film Properties. Lebensmittel-Wissenschaft und-Technologie/Food Science and Technology 40: 1545-1554.

V. Collaborations

Rosana Moreira (TAMU) and Les Braby (TAMU). 

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

Title: Effect of E-beam Dose and Delivery on Quality and Safety of Irradiated Foods

Contact: Elena Castell-Perez

I. Progress report and principal accomplishments

Progress report 

We investigated the application of a non-thermal intervention, electron beam irradiation, to decontaminate pathogens with minimal effects in quality deterioration of leafy vegetables and other fresh produce. When conducted properly, e-beam treatment effectively eliminates internalized E. coli O157:H7 cells from leaves of baby spinach. Inoculated spinach (cocktail of 5 strains of E. coli O157:H7) were exposed to no treatment (control) or 0.7, 1.2, or 2.5 kGy electron beam irradiation using a 10 MeV linear accelerator (LINAC) at room temperature in the double beam fixture (top and bottom). On a parallel study, we irradiated spinach leaves up to 1 kGy using a 2.0 MeV Van De Graaff accelerator (penetration depth of 0.5 cm) at room temperature to evaluate the effect of dose on produce quality (color, texture, moisture, vitamin C, chlorophyll and total carotenoids) as a function of time in storage (15 days at 4oC). Results from objective tests were validated with sensory testing. Irradiation up to 1 kGy had little or no effect on the overall quality of spinach leaves.

A similar study was conducted to develop adequate e-beam treatment of broccoli heads using a 10 MeV linear accelerator with the double beam (top and bottom) configuration. Irradiation up to 3 kGy did not affect the quality of the produce. Tests on microbial decontamination using E. coli O157:H7 are in progress. Results on dose distribution within a head of broccoli are presented under Objective D.

Main accomplishments 

Established the best e-beam irradiation processing parameters (dose level and e-beam configuration) for proper effective decontamination (E. coli O157:H7) of bagged, ready-to-eat baby spinach leaves using a 10-MeV linear accelerator. 

Determined the kinetics of microbial survival in spinach leaves and obtained the radiation D10 value for (E. coli O157:H7) in the dose range of 0.5-2.5 kGy. This parameter was used for simulation of microbial survival within a bag of spinach leaves (see Objective D).

Characterized the kinetics of quality changes of irradiated spinach leaves (up to 1 kGy) during storage (15 days at 4oC).

II. Impact statement 

Efforts to prevent cross-contamination during handling and processing of leafy vegetables have not been sufficient to eliminate the problem once the product is contaminated and while the contamination is undetected by our current monitoring capabilities. This study has proven the potential of electron beam irradiation to ensure the safety and quality of whole and fresh-cut fruits and vegetables.

III. Work planned for the next year 

Will continue evaluation of the suitability of application of e-beam irradiation to products such as broccoli, parsley, green onions, and eggs.

IV. Publications and presentations 

Journal papers

Moreno M, Castell-Perez ME, Gomes C, Da Silva PF, Kim J., Moreira RG. 2007. Treatment of cultivated highbush blueberries  (Vaccinium corymbosum L.) with electron beam irradiation: Dosimetry and product quality. Journal of Food Process Engineering. Forthcoming.

Moreno M, Castell-Perez ME, Gomes C, Da Silva P, Kim J, Moreira, RG. 2007. Optimizing electron beam irradiation of “Tommy Atkins” mangoes (mangifera indica L.). Journal of Food Processing Engineering  30(4), 436-457.

Presentations

Gomes C, Da Silva P, Kim J, Castell-Perez E, Moreira, RG. 2007. Quality of baby spinach (Spinacia oleracea L.) exposed to low-dose electron beam irradiation. IFT International Meeting, Chicago, IL, July-August.

Da Silva P, Gomes C, Chimbombi E, Barros F, Negi S, Kim J, Castell-Perez E, Moreira, RG. 2007. Effects of low-dose electron beam irradiation and storage on quality of broccoli heads (Brassica oleracea Lvar Italica). IFT International Meeting, Chicago, IL, July-August.

V. Collaborations

Rosana Moreira (TAMU) and Les Braby (TAMU).

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

Title:  Establishing relationship between radiation dose and quality parameters using imaging techniques

Contact: Rosana Moreira

I. Progress report and principal accomplishments

Progress report 

Since traditional colorimeters provide a relative assessment of color characteristics that require validation from sensory analyses, we quantified  the effect of dose using textural analysis from RGB (Red, Green, and Blue) color channel and image processing techniques. Bagged spinach leaves (8g) were placed in Petri dishes, and exposed to 1.35MeV electrons at six doses (0.2, 0.4, 0.6, 0.8, 1.0, 1.2 kGy) with a Van derGraaf accelerator at 20oC. Samples were stored at 4oC for 14 days and scanned every other day in triplicate using a high-resolution flatbed scanner (600 dot/inches). Algorithms for image segmentation (edge detection, threshholding) and textural features generation (uniformity, smoothness, contrast, randomness) were developed in Matlab®. Non-irradiated samples served as controls.

No significant differences in color features were found among control and irradiated samples up to 14 days. Throughout storage, all irradiated samples showed higher contrast values than controls. Smoothness and randomness of adult leaves (dark green) was unaffected (p<0.05). Baby leaves (light- green, softer) had lower uniformity and higher smoothness than adult leaves. For all treatments, total leaf area decreased by 0.5%/day due to the respiration process. Uniformity of samples exposed to 1.2 kGy was significantly lower, because of wrinkling caused by the irradiation treatment.

Main accomplishments 

Developed an imaging technique that accurately detects any color changes on bagged spinach due to irradiation (dose). 

II. Impact statement 

Consumers initially accept or reject a food based on its color. Our method does not require time-consuming testing of produce to determine the effect of exposure to ionizing radiation on its color.

III. Work planned for the next year 

We will use the scanned images for future dose mapping studies. 

IV. Publications and presentations 

Presentations

Kim J, Moreira, RG., Castell-Perez ME. 2007. Image-processing scheme to quantify color of irradiated fresh produce. IFT International Meeting, Chicago, IL, July-August.

V. Collaborations

Elena Castell-Perez (TAMU)

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

Title: Validation of irradiation of broccoli with a 10 MeV electron beam accelerator

Contact: Rosana Moreira

I. Progress report and principal accomplishments

Progress report 

3-D geometry and component densities of a broccoli head, extracted from CT scan data, were entered into a radiation transport code (MCNP5) to obtain simulated dose distributions. The broccoli head was irradiated with a 10 MeV double beam (top and bottom) linear accelerator with dose levels ranging from 1-3 kGy. Both alanine dosimeters and radiochromic films were used to measure energy absorbed in different parts of the product. 


Several irradiation strategies (product position related to the beam entrance and beam sources) were simulated and compared to the experimental data. The best results were obtained when the broccoli was irradiated at a 132.5 degrees angle using a double-beam configuration. The Dmax/Dmin, a measure of the dose uniformity, was 1.72 around the floret and 2.22 for the whole broccoli.

Main accomplishments 

The MCNP technique to calculate dose distribution can accurately determine the best position and beam configuration to obtain a uniform energy distribution in broccoli heads.

Determined the best irradiation strategy for a uniform dose distribution in the floret when the broccoli was positioned parallel to the e-beam with the floret closer to the beams entrance.

The double beam configuration with the broccoli positioned at a 132.5 degrees angle resulted in the best configuration to irradiate the entire (stem and florets) broccoli.

II. Impact statement 

Irradiation of complex shaped produces like a broccoli head require careful experimental evaluation to optimize dose distribution when using a 10 MeV e-beam accelerator. Our results provide valuable information for proper irradiation treatment planning of produce by ensuring that the product is pasteurized while keeping its quality.

III. Work planned for the next year

Will continue improving the MCNP dose calculation methodology by validating it against complex-shaped, non-uniform products such as parsley, green onions, and eggs. Will expand database on quality/safety effects of e-beam treatments.

IV. Publications and presentations 

Journal papers

Kim J, Moreira R., Huang Y, Castell-Perez ME. 2007. A 3-D Dosimeter for Complex-Shaped Foods using Electron-Beam Irradiation. Transactions of the ASABE. Forthcoming.

Rivadeneira R, Moreira R, Kim J, Castell-Perez ME 2007. Dose Mapping of Complex-Shaped Foods using Electron-Beam Accelerators. Food Control. Forthcoming.

Kim J, Moreira RG, Huang Y, Castell-Perez ME. 2007. 3-D dose distributions for optimum radiation treatment planning of complex foods. Journal of Food Engineering, 79(1), 312-321.

Presentations 

Kim J, Huang, Y, Moreira RG, Castell-Perez, ME. 2007. Validation of irradiation treatment of broccoli with a 10MeV electron beam accelerator. IFT International Meeting, Chicago, IL, July-August.

Dissertations

Kim, J. 2007. Dose Calculation Methodology for Radiation Treatment of Complex-Shaped Foods. Department of Biological and Agricultural Engineering, Texas A&M University, College Station, Texas, 77843-2117.

V. Collaborations

Elena Castell-Perez (TAMU)

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

(2) Title:  Simulation of Dose Distribution and Pathogen Survival in Irradiated Bagged Spinach 

Contact: Rosana Moreira

I. Progress report and principal accomplishments

Progress report 

We simulated the dose distribution within a bag of spinach leaves irradiated using a 10 MeV linear accelerator (0.3-1 kGy), to quantify the problem of non-uniform dose absorbed at different parts of the bag and predict death of pathogens. The simulation results confirmed that it is feasible to irradiate baby spinach leaves (up to 1 kGy) to eliminate E. coli 0157:H7 while maintaining the overall quality of the produce.

Using an experimental D10 value for E. coli O157:H7 of 0.186 kGy, we simulated the microbial survival distribution within the bag of spinach using both the “target theory and the single-hit inactivation model to solve the general survival equation. In this study, all simulations were based on a bag height of 8 cm resulting in wide energy distribution from the top to the center of the bag. Dose distribution results indicate that due to the bag configuration, higher entrance dose (> 1 kGy) would be required to destroy the pathogens within the leaves. The level of pathogen inactivation is dependent on the dose applied, with 99% (2-logs reduction) on most areas and 99.999% (5-logs reduction) on both centerline edges of the bag.

Main accomplishments 

When conducted properly, e-beam treatment effectively eliminates internalized E. coli O157:H7 cells from spinach leaves.

This study showed that when using a 10 MeV linear accelerator, the uniformity of dose distribution in a bag of spinach leaves depends on the arrangement of the leaves inside the bag (relative to the direction of the electron beam). 

II. Impact statement 

Treatment of leafy vegetables with a 10 MeV LINAC requires a well controlled operating process as well as package design and positioning to ensure reduction of a population of a particular pathogen to the desired level using the lowest dose  possible without detriment to produce quality.

III. Work planned for the next year 

Will continue studies on mobility of pathogens within the food product and establish correlation with dose.

IV. Publications and presentations 

Journal papers

Gomes C, Moreira RG, Elena Castell-Perez MR, Kim J,  Da Silva P, Castillo A. 2007. 

E-Beam Irradiation of Bagged Ready-to-Eat Spinach Leaves (Spinacea oleracea): An Engineering Approach. In review.

V. Collaborations

Elena Castell-Perez (TAMU)

NC 1023 Station report: Improvement of Thermal and Alternative Processes for Foods 

Pawan S. Takhar: Station Participant

International Center for Food Industry Excellence

Texas Tech University, Lubbock, TX, 79409
I. Progress of work and principal accomplishments

Objective C and D 

1. These days obtaining solution of equations is no longer a challenge because of achievements attained in the finite element and other numerical solution schemes that have also been implemented in commercial software packages.  However, significant progress needs to be made in developing the equations for various processes and materials.  In food and biopolymers, the challenge lies in including heterogeneity, multiphases and species that often interact over various spatial scales.  A step was initiated in this direction by utilizing the Maple Software package to obtain modeling equations.  The package uses the general conservation laws and exploits the entropy inequality to develop modeling equations for various types of materials at a single scale.  This will allow teaching the continuum mechanics principles to students and letting researchers obtain the equations for different processes and materials.  The package allows students and researchers to play with the constitutive theory to see how laws change for different materials. At present single-scale equations based generalized framework has been implemented in Maple.  During the next year, it will be extended to multiscale equations.

2. Texas Tech station is also involved in using the 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 the experimental data on variation of diffusivity values for different components of corn kernels and experimentally studying various continuous and intermittent drying conditions leading to fewer stress cracks.  Diffusivity values were obtained in collaboration with Purdue University.

3. Work on using fractional differential equations for modeling microbial processes was completed.  The model lead to prediction of microbial destruction and growth data with high values of R2 and low RMSE. This will help studying the effect of time-temperature processes on safe cooking of food materials.  The work was performed in collaboration with Ohio State University.

II. Work planned for the next year

Solution of the porous media equations to predict crack formation in corn kernels will be completed using Comsol.  Multiscale equations will be used to study frying of food materials to obtain optimum frying conditions leading to lower fat uptake.

Publications

1. Takhar, P.S., Kulkarni, M. and Huber K., (2006), Dynamic viscoelastic properties and glass-transition behavior of pasta, Journal of Texture Studies. 37: 296-710

2. Xing, H., Takhar, P.S., Helms, G. and He, B. (2007), NMR imaging of  continuous and intermittent drying of pasta. Journal of Food Engineering, 78: 61-68

3. Hundal, J. and Takhar, P.S. (2007) Dynamic viscoelastic properties and glass transition behavior of corn kernels. International Journal of Food Properties (In Press)

NC 1023 Station report

Station _Virginia_
	Representative__Kumar Mallikarjunan_

Affiliation       _Virginia Tech_
	Email   _kumar@vt.edu_

Phone  __540-231-7937__

Fax:     __540-231-3199__




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
Title: 
Correlating small-strain behavior with large-strain measurements to describe beef tenderness

Contact: Kumar Mallikarjunan, Anand Lakshmikanth, Morse Solomon

I. Progress report and principal accomplishments


Recently, researchers at Virginia Tech and USDA-Beltsville ARS had been focusing on the effects of beef tenderness subjected to high pressure processing. The high pressure processing imparts small-strain changes in the beef resulting in large-strain textural behavior in a cooked sample.  It is therefore important to find correlations between the small-strain behaviors in raw muscle to large-strain changes in cooked meat samples.  Experiments were conducted using strain-relaxation and creep analysis to obtain small-strain changes and warner-bratzler shear and textural profile analysis were used to obtain large-strain changes.  In addition samples were subjected to ageing under refrigerated conditions for seven days to study the textural changes in the samples. Overall the time-constant from stress-relaxation was correlated well with cohesiveness, chewiness and springiness (r>0.8). However, hardness had a poor correlation with the time constant values (r=0.4). Our study indicates that response of the time constant, and the TPA features (cohesiveness and chewiness) corresponds with infrared (using FTIR-ATR) amide peak response which corresponds to structural changes at the molecular level.

II. Impact statement (for non-specialized audiences)


Researchers at Virginia Tech developed methods to evaluate textural changes in cooked beef based on the changes in the raw muscle either by processing or by ageing. 

III. Work planned for the next year 


The small-strain behavior data will be used to obtain elastic parameters for modeling the behavior of beef under high hydrostatic and hydrodynamic pressure conditions. 

IV. Publications and presentations 

Lakshmikanth, A., Mallikarjunan, P., and Solomon, M. 2007. Correlating small-strain behavior with large-strain measurements to describe beef tenderness. Presented at the ASABE Annual Meeting, Minneapolis, MN. 

V. Collaborations


Collaborations are with USDA-ARS lab in Beltsville. In addition researchers from Rutgers were contacted for the development of a joint proposal to USDA-NRI last year. 

Objective B. To measure and model process dependent kinetic parameters which affect food quality and safety attributes
Title: 
Fate of omega-3 fatty acids in dairy products

Contact: Kumar Mallikarjunan, Margaret Orders, Zhiyou Wen

I. Progress report and principal accomplishments

Recent findings on health benefits from consuming polyunsaturated fatty acids (PUFA) rich foods, especially omega-3, has increased consumer demand for such products.  Lack of these fatty acids in diets creates a growing need to find additional PUFA sources.  The algal species Schizochytrium limacinum SR-21 has been identified as a good source of omega-3 rich lipids.  The lipids from algae were removed using a chloroform-methanol-water solution and were divided into groups:  algae grown using glycerol (no antioxidants, TBHQ, or BHT).  The lipids were then stored in a 63°C oven for zero, one, or two days to simulate storage at room temperature for zero, one, or two weeks.  Among TBHQ and BHT, TBHQ performed significantly better in reducing oxidation of algal lipids.  The kinetics of degradation of DHA after incorporated into a dairy product (mozzarella cheese) was fitted to an auto catalytic model. The reaction rate constant was found to be independent of the DHA concentration. 

II. Impact statement (for non-specialized audiences)

  
The results of this research will allow food scientists to be informed about alternate sources of omega-3 fatty acids with higher oxidative stability to incorporate into food products.

III. Work planned for the next year 


The storage will be conducted under ambient conditions and the algal lipids will also be incorporated to yogurt. In addition, incorporation of anti-oxidants in the dairy products will be analyzed.  

IV. Publications and presentations 

Orders, M.E., Mallikarjunan, P., Wen, Z. and Duncan, S.E. 2007. Effect of antioxidants on the oxidation of fatty acids from Schizochytrium limacinum SR-21. Presented at the IFT Annual Meeting and Food Expo, Chicago, IL. 

Orders, M.E., Mallikarjunan, P., Wen, Z. and Duncan, S.E. 2007. Fate of omega-3 fatty acids in dairy products. Presented at the ASABE Annual Meeting, Minneapolis, MN. 
V. Collaborations

Researchers are planning on an integrated proposal to USDA-NRI along with researchers from Penn State.
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Washington State University

G. V. Barbosa-Cánovas, R.P. Cavalieri, J. Tang, J.R. Powers and C. Clary

	Representative: 

Gustavo V. Barbosa-Cánovas

Affiliation: Washington State University
	Email :   barbosa@wsu.edu

Phone : (509) 335-6188

Fax : (509) 335-2722




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.

Evaluation of the microstructure of thermo-sonicated yogurt with scanning electron microscopy using a shorter (new) sample preparation procedure. Ultrasound has been used in food research mainly in microbial inactivation, but at the same time it has shown positive effects in the processing of some foods. In electron microscopy, considerable sample preparation time is required to make meaningful observation of the product under study. In the case of dairy products, some artifacts might occur, making sample preparation even longer and more complicated. The objective of this work was to study the microstructure of thermo-sonicated yogurt with three different sample preparation techniques used in electron microscopy. The thermo-sonication treatment was applied with an ultrasonic processor (Hielscher® UP400S, 400W, 24 kHz, 120 μm) in raw whole milk at 63ºC by 30 minutes. Yogurt preparation followed the thermo-sonication of milk with a starter culture of lactobacillus. The first sample preparation consisted of the conventional sample dehydration with organic solvents (ethanol, acetone and HMDS); technique number two consisted of freeze-drying the samples, freezing with liquid nitrogen and using a freeze-drier for 24 h. The third technique consisted of dehydration of the samples with the same organic solvents as in the first one, but assisted with the use of microwave (MW) energy. Samples were observed with a Scanning Electron Microscope Hitachi® S-570 at 20 kV. Results showed that freeze-drying is not a technique suitable for yogurt because of the low resolution of the images. However, high resolution and defined images were obtained with the MW technique, showing very good homogenization of the components of the thermo-sonicated yogurt (casein and fat globules), while avoiding the syneresis of the product compared with the protein network with interstitial spaces filled with whey of the conventional yogurt. MW technique shortened the time in sample preparation to 3 hours compared with the conventional dehydration technique that takes 5 days, and at the same time provided images with high resolution.

Microwave sterilization for sliced beef in gravy in 7-oz trays. Microwave (MW) heating is a form of dielectric and volumetric heating, which has potential to heat food products more rapidly and uniformly compared with conventional retort processes. The advanced MW technology has drawn much attention of researchers in developing novel sterilization processes for packaged foods. The objective of this study was to develop a MW sterilization process with a 915 MHz single-mode 10 kW MW sterilization system for sliced beef in gravy (100 g pretreated beef + 80 g Trio low sodium Nestle gravy) in 7-oz trays. The dielectric properties of the sliced beef, gravy, and whey protein gels were determined by using a HP 85070B open-ended coaxial probe connected to an Agilent 4291B Impedance Analyzer. The whey protein gel with 35% Whey Alacen 878, 1% D-ribose and 64% water matched the pretreated sliced beef (heated in boiling water of 0.5% salt for 4 min) in dielectric properties. The matched whey protein gel was used as a model food to studying the heating pattern and locating cold spot in MW processed beef-gravy trays. The heating pattern and cold spot were determined by computer simulation technique and computer vision method based on the color development of chemical marker in food during thermal treatment. The cold spot was found at the point 15 mm away from the front edge of the tray in the middle layer. The schudels (preheating, MW heating, holding and cooling times, movement setting up, and MW power) for automatic processing of 7-oz beef gravy trays to targeted Fo levels (Fo = 3, 6, and 12) were established by monitoring the temperature at the cold spot with a fiber-optic sensor during the MW heating process. Inoculation pack studies using Clostridium sporogenes PA 3679 spores (batch 307, NFPA strain) verified the effectiveness of the established sterilization processes.
Objective B

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

THERMAL TECHNOLOGIES

Microwave

Changes in the tenderness of chicken muscle during thermal processing: Cook loss, area shrinkage, and collagen solubility. Chicken breast (pectoralis major) and thigh (biceps femoris) meats were economically important muscles of the poultry carcass. Thermal processing is widely applied to ensure safety and increase palatability. During heating, the meats experience quality changes such as cook loss, area shrinkage, and texture degradations. These changes, especially meat tenderness, are crucial factors affecting meat acceptability. The objective of this study is to investigate the relationship among the changes in tenderness, collagen solubility, cook loss, and area shrinkage of chicken breast and thigh during thermal processing. Small muscle samples (D 30 mm × H 6 mm) were taken from chicken breast and thigh of Washington State grown fryer chicken. These samples were sealed in aluminum containers and heated in an oil bath at 121.1 °C for different time intervals up to 2 hours to simulate various thermal process durations. Cook loss and area shrinkage ratio were calculated as the percent reduction in the weight and area, respectively, of cooked to raw samples. Tenderness of raw and cooked chicken muscle was determined by measuring shear force. The amount of heat-soluble collagen was determined and the collagen solubility was expressed as a percentage of total collagen.
Cooking induced remarkable cook loss and area shrinkage, increased collagen solubility, and decreased shear force. These properties were significantly correlated (P < 0.05). After 2 hr heating, the chicken thigh had lower area shrinkage ratio (32% vs. 36%), and higher cook loss (35% vs. 31%) than chicken breast. Chicken breast and thigh had similar shear force (~ 68 N) and collagen solubility (~ 85%). The results indicate that tenderness changes of chicken muscle during heating were a combined effect of cook loss, area shrinkage and collagen solubilization. Twenty min was a critical heating time during which > 85% collagen were solubilized and shear force reached a minimum.

NONTHERMAL TECHNOLOGIES

Pulsed Electric Fields

Inactivation of Bacillus cereus spores in skim milk using pulsed electric fields-enhanced thermal pasteurization. Pulsed Electric Fields (PEF) is a novel food processing technology that has the ability to inactivate bacteria in liquid food at low temperatures. However, one of the main challenges is to use PEF technology in spore inactivation. Bacillus cereus is a spore-forming microorganism; it can be present in raw milk and survive the conventional thermal treatments. The presence of spores of this microorganism in milk generates quality problems during the storage such as the so-called sweet curdling or broken cream. The objective of this work was to study the inactivation of Bacillus cereus spores in skim milk using PEF - Enhanced Thermal Pasteurization. Pasteurized skim milk (2%) was inoculated with a high concentration of Bacillus cereus (108 spores/ml). Selected PEF treatments were applied with 30, 35 and 40 kV/cm as peak electric fields with 0, 5, 7, 10, 15 and 20 pulses of 2.5 μs of pulse width. Mild thermal treatments were applied before the PEF processing using 40 and 50ºC. Mesophilic and psychrotrophic bacteria counts were also evaluated. Results showed that spore inactivation occurred at a very low level (1.5 log) with the use of PEF treatments without heat treatment and the highest number of pulses. The use of 40ºC as a mild thermal treatment had an antagonist effect on spore inactivation, while with 50ºC as a thermal treatment a higher inactivation was achieved (2.8 log) compared with the use of PEF alone. Mesophilic bacteria were reduced in samples after PEF treatments and the growth of psychrotrophic bacteria was inhibited with PEF alone and PEF plus 50ºC. However, the inactivation of spores could be enhanced with a higher number of pulses or more intense thermal treatment combined with refrigeration cycles during the PEF processing. 

Pulsed electric fields on flavored milks: Physicochemical and microbiological changes. Pulsed electric fields (PEF) technology is applied in liquid foods to inactivate bacteria. Milk has been a target product that has shown positive response to PEF processing and has been studied quite extensively whereas the opposite happens to flavored milks. The use of other ingredients in milk and how they change under PEF treatments need to be considered. The objective of this work was to study inactivation of mesophilic bacteria, changes in color and pH in flavored milks under PEF. Chocolate and strawberry pasteurized milks were treated with PEF treatments of 35 and 40 kV/cm and 0, 5, 10, 15 and 20 pulses (2.5 μs pulse width). Mesophilic bacteria counts after PEF treatments and during storage life at 4ºC were performed. Hunter color parameters and pH were also evaluated. Higher inactivation of mesophilic bacteria was observed in chocolate (2.33 log) than in strawberry milk (0.97 log) at the most intense processing conditions. At 30 kV/cm and 20 pulses, inactivation was lower but similar in both milks. Color of chocolate milk was darker; L decreased for samples with the most intense treatment (53.76) compared with the control (55.16); precipitated solids were present after processing. For strawberry milk, color was lighter (73.27) in the most intense treatments compared to the control (72.38). pH showed no important changes after processing. During storage life, the control chocolate milk raised 106 cfu/ml after 5 days, while PEF treated milks showed 105 cfu/ml after 7 days. Strawberry control milk had 105 cfu/ml and PEF samples 104 cfu/ml after 7 days. Color of chocolate and strawberry PEF milks remained constant during storage but pH drop was more evident in strawberry milk. PEF treatment is an alternative process to extend shelf-life of flavored milk where changes in pH, color and appearance are not in general, of significant concern.

Ultrasound treatment

Ultrasonification for release of β-galactosidase enzyme from yogurt bacteria to improve the viability of probiotics. Probiotic bacteria are a mixed culture of microorganisms which when applied to humans affect the host beneficially. Effective yogurt contains at least 100 to 1000 million live probiotic bacteria per mL. Probiotic yogurt occupies a satisfactory position in dairy market, and there is a clear trend to increase its consumption in the next few years. A novel sonification technique was used to rupture yogurt bacteria to improve the viability of probiotics. Two different cultures, YO Mix 236 and DPL ABY 611, supplied by Danisco, were used in this study. These cultures consisted of Streptococcus thermophilus and Lactobacillus delbruekii ssp. Bulgaricus, and were sonicated using an ultrasonic processor for 3, 4, and 5 min at 16 kHz. A thermocouple was used in the treatment chamber to monitor the temperature throughout the experiments. The ultrasound wave was kept constant at 100% for all treatments. Sonicated and unsonicated yogurt samples were used for making yogurt. Probiotics studied were Lactobacillus acidophilus and Bifidobacterium longum. Physicochemical and rheological characteristics, enzymatic activity, microstructure, and probiotics viability were studied. The results clearly demonstrated that the probiotics grow better in sonicated yogurt than in unsonicated yogurt, indicating the availability of more nutrients for the probiotics due to more β-Gal availability. The viability of probiotics increased by 2 log cycles in sonicated yogurt compared to just one-half log cycle in unsonicated yogurt There is a clear trend that β-Gal activity increases due to sonification, improving the viability of probiotics. The β-Gal activity increased 4.73 times in sonicated yogurt compared to 3.28 times in unsonicated yogurt. This ultrasonification technique where the yogurt bacteria are ruptured to release more β-Galactosidase, improving the viability of probiotics, will encourage more consumers to buy yogurt, which exerts health benefits beyond inherent basic nutrition as it improves the lactose absorption in the human gut.
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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: An initial study of the small strain rheological differences in dough mixed to peak torque in the twin-sigma blade farinograph and our mixograph style planetary pin mixer (Reomixer) has been completed, and shows that while there were in general no significant differences due to the speed of mixing, there were significant differences between a straight flour/water dough and a full formula dough, as well as significant differences between the mixers. In order to directly compare the energy input during mixing in the two mixers, we are in the process of installing a rotary torque sensor on the reomixer.  During the next year we intend to collect energy input data on the reomixer for comparison with the already available data on the farinograph and publish the results. We will also be exploring the rheological implications of adding the water in the form of ice powder to the flour at temperatures below freezing and thawing it to form a mechanically undeveloped dough on the subsequent dough development during mixing and further processing. This work will contribute to understanding of the way that developed structure forms in dough during mixing, thus allowing for better control, scale-up and change of mixing design in order to maintain and improve efficiency and product quality in dough mixing processes.

A2.  Phase transitions in foods (Hartel).

Phase transitions in ice cream:  Our research continues on ice crystal size in ice cream.  This past year, we completed a small study on the CREAM freezer.  With a low-fat ice cream formulation, the CREAM freezer gave ice cream with smaller ice crystals when the recirculation and pre-whipping utilities were on than the control (without these utilities) although air bubble size was not changed.  During storage, the ice crystals remained smaller for over a month in a dipping cabinet.  Further investigations are underway to study a wider range of conditions.

Sugar phase transitions:  In a USDA project joint with Pharmacy, moisture penetration into sugar glasses is being quantified by using a Raman microspectroscopy system.  After a couple frustrating years, the experimental protocols finally seem to be working and we are generating moisture penetration data.  Thin layers of sugar glass are made with only one side exposed to humid air so that one-dimensional diffusion occurs.  Moisture content profile into the glassy layer is being measured as function of storage time and external conditions (RH) to obtain penetration data.  At the same time, we are measuring diffusion coefficients of moisture into sugar glasses using a TGA method.  A wide range of sugar compositions are being studied.

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.  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 penetration), melting properties (DSC), and solid fat content (SFC).  Interestingly, the differences observed in crystalline microstructure, melting profiles, and SFC at different cooling rates lead to differences in penetration hardness, but not in G’.  Apparently, the crystalline microstructure is sensitive to large scale deformation but not to small angle oscillatory forces.


Did you ever wonder why chocolate chips in cookies don’t bloom even though they are completely melted in the oven?  (I did, but figured the answer was so well known that it wasn’t worth studying).  It turns out that the reason why is not well known.  After being approached by a small organic cookie manufacturer who was having trouble with bloom on her chocolate chips, we’ve started a small project to better understand the situation.  So far, our results clearly show that fat migration from the cookie into the chip is what prevents the chips from blooming.  There is a minimum fat content in the cookie that’s required to prevent bloom.  Go below this critical fat content and the chips bloom (which is what happened to the cookie maker).  Understanding exactly how this migrated fat prevents bloom is a more challenging problem.


Our efforts to understand the surface chemistry necessary to coax fat crystals out of a fat globule into an aqueous phase continue, although very slowly.  Numerous factors affect this phenomenon, including cooling rates (and thus, crystallization rates), fat composition, surfactant choice, and globule size.  With a new USDA award (starting 12/1/07), we will now be able to take a more focused approach to better understand fat crystal migration and partial coalescence. 

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

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

Lactose Crystallization: The overall goal of our newly funded USDA NRI integrated research and education project is to foster use of computational fluid dynamics (CFD) simulation technology as an advanced engineering tool for solving problems in food process engineering in order to enhance food quality attributes. The educational component will involve the training of food engineers by engaging them in the creation of teaching tools using CFD simulation that illustrate hard to visualize food engineering concepts, in order to improve basic undergraduate food engineering instruction for food science students. As graduate food engineering students develop advanced CFD simulation skills in their research, they can then help undergraduate food engineering students learn how to properly set up and analyze simulations of food processes. Those results will become teaching tools to illustrate engineering concepts for undergraduate food science students in introductory Food Engineering courses.


On the research side, CFD simulation of momentum, heat and mass transfer will be coupled with the particle population balance equation and lactose crystallization kinetic models in research aimed at the industrially relevant problem of controlling the crystal size distribution during lactose crystallization. The resulting predictions of processing parameter effects will be used to optimize crystallization processes. When combined with validation experiments, the simulations will also be used to test the ability of the kinetic models to provide realistic results, thus increasing understanding of the kinetics of crystallization or suggesting new research directions. As knowledge of the capabilities of CFD simulation as a food engineering problem solving and process optimization tool becomes more widespread, the potential of this powerful technology will be recognized and used in the food industry.

C3. Momentum Transfer during Mixing (Connelly)

Numerical simulation of flow and mixing:  A new joint project conceived at last years meeting is looking at the simulation of mixing in a simple in-line mixer and collaborative validation using NMR by Kathryn McCarthy at UC-Davis. Initial work includes the input of the in-line mixer geometry and initial mesh creation. Future work will include running the simulation with actual material properties and NMR validation. The multistate project is an opportunity to bring together these two different sets of expertise. 

Another recently begun project in this category is to extend the fundamental study of the mixing of viscous, viscoelastic materials to the simple but relevant vane rheometer geometry. The approach is to combine the use of classical rheological techniques to characterize and model the viscoelastic responses of the materials studied, computational fluid dynamics using commercially available finite element method techniques for viscoelastic constitutive models to simulate the flow and mixing, and experimental torque measurement and flow visualization to validate and improve the simulations. The results are expected show the effect of a wider range of realistic viscoelastic responses on mixing in a relevant geometry. Currently, geometry input is complete and initial simulations using a fixed top surface boundary with generalized Newtonian models have been run. Work is ongoing to use a deformable top surface and planned to extend the simulations to simple viscoelastic fluid models based on real materials. We also expect to do experimental validation by using a high speed digital video camera to capture tracer paths and surface shapes, as well by measuring the torque generated. This work will better define mixing behavior of complex fluids with validated simulation results, thus increasing understanding of mixing and building trust in CFD simulation results.
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