
and provide a framework to 

producers of fresh-cut melon 

for the potential use of hot 

water as an intervention treat-

ment for enhancing the 

microbiological safety of this 

commodity. 

By Bassam A. Annous 

 

Food Safety Intervention 

Technologies Research Unit, 

U.S. Department of Agricul-

ture, Agricultural Research 

Service, Eastern Regional 

Research Center, 600 E. Mer-

maid Lane, Wyndmoor, PA 

19038, USA 

 

Numerous outbreaks of sal-

monellosis have been associ-

ated with the consumption of 

cantaloupes. Commercial 

chlorine wash treatments for 

cantaloupes are limited in 

their ability to inactivate and/

or remove the human patho-

gen, Salmonella Poona. Our 

objective was to compare 

efficacy of hot water surface 

pasteurization treatment to 

those of sodium hypochloride 

(200 ppm chlorine) and 

acidic electrolyzed water (50 

ppm chlorine) wash treat-

ments in inactivating S. 

Poona on artificially inocu-

lated cantaloupes. Whole 

cantaloupes, surface inocu-

lated with S. Poona to a final 

cell concentration of 5 - 6 log 

CFU/cm2 were stored at 4°C 

or room temperature for up to 

48 h prior to processing. 

Washing treatments with tap 

water at 76°C for 3 min, 24 

and 48 h post inoculation, 

resulted in excess of 5 and 3 

log CFU/cm2 reductions in S. 

Poona, and naturally occur-

ring yeast and mold popula-

tions on the melon rind, re-

spectively. Sodium hypochlo-

ride and acidic electrolyzed 

water wash treatments at RT 

for 20 min resulted in less 

than 2 log reductions in S. 

Poona, and yeast and mold 

populations. These results 

demonstrate the utility of hot 

water for the inactivation of 

Salmonella on cantaloupes 

1. Comparison of Hot Water Surface Pasteurization and Chlorine Wash Treatments for 
Reducing Populations of Salmonella Poona on Inoculated Whole Cantaloupe Melons  

2. Extending Shelf Life of Fresh-cut Fruits by Using Combined Solutions of Ascorbic 
Acid with Citric Acid, Calcium Chloride or 4 -Hexylresorcinol  

By J. Basilio Heredia*, 

Cristobal Chaidez, Roberto 

Avena, Laura A Contreras, 

Marcela Soto 

 

Centro de Investigación en 

Alimentación y Desarrollo, 

A.C. Unidad Culiacán. 

Planta Piloto de Tecnología 

de Alimentos y Procesos 

Biotecnológicos. Carretera a 

Eldorado Km 5.5. AP 32-A. 

CP 80129. Culiacán, Sinaloa, 

México. 

 

In Mexico, Sinaloa is known 

as one of the most important 

agricultural valley for its pri-

mary production. However, 

the need for more convenient 

foods in the US market has 

brought the attention of sev-

eral local Farmers and Gov-

ernment Authorities for in-

vesting and bringing in more 

food processing industries 

into the State. This study was 

done to evaluate several com-

bined solutions of ascorbic 

acid (0.03%) either with citric 

acid (2%), calcium chloride 

(0.2%) or 4-hexylresorcinol 

(0.02%) in fresh-cut canta-

loupes, red apples, papayas, 

jicamas, pineapples and wa-

termelons. All fruits were 

brought from local retailers 

and processed within 2 days 

of harvest. Fruits were disin-

fected before and after cut-

ting by rinsing with 250 and 

80 ppm chlorinated water, 

respectively. All procedures 

were carried out inside a 

clean cold room at 4°C and 

>95% RH. Fruits were peeled 

and cut into cube-shaped 

pieces (2X2X2 cm3), except 

for the unpeeled apple sam-

ples. Samples were placed in 

500 mL PET containers with 
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lids. Texture profile, color, 

pH, soluble solids, titratable 

acidity, ion leakage, carbon 

dioxide, yeast, mold and 

total plate count evaluations 

were done at initial day and 

every 2 days for 12 days of 

storage. As a measure of 

texture, adhesiveness pro-

vided the most accurate 

results in papayas, apples 

and cantaloupes. For all 

these, after 8 days of stor-

age the combined treat-

ments of ascorbic acid with 

citric acid or calcium chlo-

ride showed 0.5-2 fold bet-

ter results than control sam-

ples. Color was not affected 

in any fruit or by any treat-

ment. Comparing the rest of 

the studied parameters, the 

chemicals solutions and 

their combinations provided 

specific results dependent 

upon the plant tissue and 

possible synergisms. In 

general, keeping all fresh-

cut samples at low tempera-

ture (4°C) in closed PET 

Continued: Extending Shelf Life of Fresh-cut Fruits by Using Combined Solutions of Ascorbic Acid with Citric Acid, Calcium Chloride or 4-

Hexylresorcinol  

3. Headspace Gas Composition of Asparagus Spears and Pre-cut Vegetables in Sealed Microperforated Film 

Package Designs  

shipped into local markets.  

Many have turned to value-

added packaging as a way to 

capture local freshness and 

quality.  In the present 

study, headspace gases and 

product quality were meas-

ured following the storage 

of whole and pre-cut vegeta-

bles in microperforated bar-

rier film packages.  Vegeta-

bles included asparagus, 

broccoli florets, and various 

mixtures of organically-

grown products.   O2 and 

CO2 concentrations were 

observed to have a strong 

negative association, as 

would be expected.  As stor-

age temperature increased 

from 2 to 8oC, higher levels 

of CO2 were observed in all 

packages, but lower levels in 

higher permeability barrier 

films.  In general, the best 

postharvest results were ob-

tained with Mylar® films and 

36/package microperforation 

density, that resulted in a 

consistent CO2 level in the 5-

10% range following storage 

at 2-8oC.  The targeted as-

paragus product is microwave

-cooked in the package, so 

the best film product for these 

applications were high-mil 

By Thomas J. Ortona and 

William R. Romigb, 

 

 aRutgers Agricultural Re-

search and Extension Cen-

ter, 123 Northville Road, 

Bridgeton, NJ 08302, bMid-

Atlantic Perishable Com-

modities Service, Inc.,1 

Pleasant Valley Dr, Sewell, 

NJ 08080 

 

Growers and packers of 

perishable food commodi-

ties in the eastern U.S. face 

enormous competitive chal-

lenges as products from 

around the world are 
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containers can extend up to 

12 days the quality and 

shelf life of most of the 

studied produce. 

polyethylene (e.g. Steam-

Fast® with a pressure-

activated steam vent).  Ex-

periments with commodity 

admixtures yielded some 

unexpected results; i.e. 

headspace composition of 

admixtures was not always 

predictable from known 

values of individual compo-

nents.  In product test mar-

kets, antifog coatings were 

found to be absolutely es-

sential to prevent water 

condensation on the inner 

surface of the film during 

product distribution and 

store display. 

By Floyd M. Woods1 and 

Aubrey F. Mendonca2  
 

1Department of Horticul-

ture, 101 Funchess Hall, 

Auburn University, AL 

36849 

woodsfm@auburn.edu  
2Department of Food 

Science and Human Nu-

trition, 3399 Food Sci-

ence Building, Iowa State 

University, Ames, IA 

5001 

amendon@iastate.edu 

 

Electron beam irradiation is 

an attractive technology for 

control of food-borne patho-

gens and extension of shelf-

life of fruit and vegetables. 

The objective of this research 

was to evaluate the influence 

of low-dose electron beam 

irradiation (0, 0.5 and 1.0 

kGy) on fruit quality (pH, % 

citric acid, Brix and total ca-

rotenoid content) and popula-

tions of Salmonella on fresh-

cut cantaloupe stored at 5oC 

for 12 days. Results from this 

study indicate irradiation 

treatment did not adversely 

affect pH of stored fresh-cut 

cubes. However, applied dos-

age of 0.5 and 1.0 kGy sig-

nificantly lowered acidity (% 

citric acid) and % Brix during 

the initial storage period but 

not during the last 8 days of 

storage.  In addition, irradia-

tion at higher dosage of 1.0 

kGy significantly reduced 

total carotenoid content when 

compared to either control or 

lower irradiation dosage of 

0.5 kGy.  Irradiation at 0.5 

and1.0 kGy decreased initial 

populations of Salmonella on 

cubes by 2.07 and 3.62 log, 

4. Influence of Electron Beam Irradiation on Quality and Microbial Safety of Fresh-cut Cantaloupe Stored at 5OC  

respectively.  Numbers of 

Salmonella survivors did not 

increase during 12 days of 

storage at 5 OC.  In conclu-

sion, electron beam irradia-

tion (0.5 or 1.0 kGy), fol-

lowed by low temperature (5 
OC) storage seems to have 

good potential for controlling 

salmonellae on fresh-cut can-

taloupe; however, potentially 

undesirable changes in quality 

and antioxidant levels may 

occur with higher dosage (1.0 

kGy). 

mailto:vinsoed@auburn.edu
mailto:amendon@iastate.edu


new technologies for process-

ing apples. First, a number of 

imaging techniques and de-

tection methods were devel-

oped under laboratory condi-

tions. For commercial appli-

cation of these technologies, 

one dilemma is the difficulty 

of differentiating the visually 

complex stem and calyx re-

gions from true problem ar-

eas. One solution would be to 

orient apples prior to imaging 

so that the locations of the 

stem and calyx regions in 

images are known. A number 

of technologies to orient ap-

ples have been developed, 

however none has proved 

commercially viable due to 

error rate, mechanical com-

plexity, cost, or some combi-

nation thereof. We discov-

ered that apples could be ori-

ented using their inertial 

By Alan M. Lefcourt1, Moon 

S. Kim1, Priya Narayanan1, 2, 

Daniel Reese1, 3, Uri Tasch2, 

Rouben Rostamian4, Kuan-

glin Chao1, Y. Martin Lo3 
 

1Food Safety Laboratory, 

USDA Agricultural Research 

Service, Beltsville, MD 20705 
2Mechanical Engineering 

Depart., Univ. Maryland Bal-

timore County, 21250 
3Depart. Nutrition & Food 

Science, Univ. Maryland, 

College Park 21742 
4Depart.Mathematics & Sta-

tistics, Univ. Maryland Balti-

more County, 21250 

 

The goal of developing meth-

ods to use machine vision to 

simultaneous inspect apples 

for quality issues and for con-

tamination has resulted in the 

development of a number of 

properties by simply rolling 

apples down a track consist-

ing of two parallel rails, as 

rotational velocity increases 

apples move to an orientation 

where the stem/calyx axis is 

perpendicular to the direction 

of travel and parallel to the 

plane of the track. Contem-

plation of methods to incor-

porate tracks into existing 

processing lines resulted in 

the realization that it would 

be more cost effective to re-

place existing mechanical 

transport systems with a sys-

tem based on the use of the 

much simpler and cheaper 

rails. The functions needed to 

turn the rails into complete 

systems include loading, im-

aging, and sorting. The need 

to dissipate the kinetic energy 

accumulated by rolling apples 

suggests the use of a water 

5. Novel Technologies for Processing Apples  
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medium for down a track. 

Mirrors are needed primar-

ily for contamination detec-

tion to enable full visualiza-

tion inside the concave 

stem and calyx regions. An 

imaging system was devel-

oped that allows for simul-

taneous acquisition of both 

reflectance and fluores-

cence images using a single 

camera; reflectance images 

allow detection of damaged 

apples and fluorescence 

images allow detection of 

fecal contamination. To-

gether, these technologies 

provide all the pieces nec-

essary to develop a novel 

system for processing ap-

ples that is less expensive 

and provides a wider range 

of potential sorting criteria 

compared to existing me-

chanical sorting systems. 

6. Post-cutting Flavor Changes in Freshly Harvested Gala Apples and in Fresh-cuts Prepared after Controlled 

Atmosphere Storage  

By John C. Beaulieu1, 

Karen L. Bett-Garber1 and 

Elizabeth A. Baldwin2  

 

U.S.D.A., A.R.S. 1Southern 

Regional Research Center, 

1100 Robert E. Lee Blvd., 

New Orleans, LA 70124 

and 2Citrus and Subtropical 

Products Laboratory, 600 

Avenue S. NW. Winter Ha-

ven, Florida 33881. 

 

A fair amount of fresh-cut 

apple research has been 

performed yet the main 

focus has been on brown-

ing, edible coatings, and 

ripening inhibition; with 

little sensory and flavor 

analysis.  Subsequently, a 

fresh-cut storage study was 

performed with the goal to 

monitor flavor and sensory 

changes in freshly har-

vested Gala apples versus 

fresh-cuts prepared after 

CA (3 months, 1.4% CO2 

and 3% O2) and one month 

refrigerated (RA) storage at 

4°C.  Apples were dipped 

in browning inhibitor (BI; 2 

or 4% Na-erythorbate + 

0.1% CaCl2), packaged in 

LLDPE bags (2.6 mil, 15.5 

cc Å m2 Å day) and evaluated 

for descriptive flavor attrib-

utes, volatiles, sugars, CO2 

and O2 and color after 0, 2, 

7 and 14 days at 1°C.  Ini-

tial apple firmness versus 

after CA+RA was 77.2 N 

and 66.1 N.  Headspace O2 

concentration in bags 

dropped to 1 to 2.7% by 

day 14 in freshly prepared 

fresh-cuts (FC) versus 

<1.0% by day 7 in CA+RA 

wedges.  CO2 concentration 

in FC bags increased line-

arly, up to 20.8% and 

28.5%, through days 7 and 

14, respectively, versus 

21.1% and 34.2% by days 7 

and 14 in wedges after 

CA+RA.  There was a 

slight reduction in °Brix 

after and lower sucrose (1.4 

to 2.1%), total sugars (0.3 

to 2.4%), and sucrose 

equivalents (0.1 to 2.7%) 

after CA+RA storage.  

However, °Brix and several 

sugar and acid measures 

were highly variable during 

fresh-cut storage after both 

processing times.  In gen-

eral, wedge color was supe-

rior in most pre-CA versus 

after CA+RA treatments 

throughout 14 d storage.  

There was no apparent dif-

ference between BI levels 

in terms of browning or 

flavor.  BI-treated wedges 

were rated more astringent 

than control fresh-cuts, es-

pecially after CA+RA.  

With few exceptions, 

ñfruityò, ñraw/ripe appleò 

and ñsweetò attributes were 

higher immediately after 

harvest compared with 

CA+RA treatments.  ñSourò 

and ñcitrusò scores were 

higher after CA+RA only in 

BI-treated wedges.  Wedges 

stored in LLDPE pouches 

or air generally experienced 

short-term ester increase, 

followed by a significant 

decrease and concomitant 

alcohol (ethanol, 1-butanol, 

1-hexanol and 1-octanol) 

increases.  Total acetate 

esters and non-acetate es-

ters decreased markedly 

during fresh-cut storage, 

independent of tissue 

browning. 
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out ReTain (label rate) were 

harvested twice (1 week 

apart) from a mature com-

mercial orchard.  Fruit were 

of optimum maturity for 

long-term storage.  Half of 

the apples from each treat-

ment were drenched with 

diphenylamine (DPA, ~900 

ppm) and Mertect (label 

rate).  All fruit were cooled 

overnight to 3oC and then 

half of the apples from each 

treatment combination were 

treated with SmartFresh (1-

MCP, 1 ppm for 24 hours).  

Apples were held in con-

trolled atmosphere (CA) 

storage (2.5% O2 + 2% 

CO2) at 0.5 and 3oC.  After 

CA storage, óEmpireô fruit 

remained in ambient air at 

0.5 or 3oC for 2 or 7 days.  

Ten marketable apples per 

treatment combination were 

By Jennifer R. DeEll1, 

Behrouz Ehsani-

Moghaddam1, and Peter 

M.A. Toivonen2 

 
1Ontario Ministry of Agri-

culture, Food and Rural 
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at Hwy #3, Box 587, Sim-

coe, Ontario, Canada  N3Y 

4N5 
2Agriculture and Agri-Food 

Canada, Pacific Agri-Food 

Research Centre, Summer-

land, British Columbia, 

Canada  V0H 1Z0 

 

One of the major cultivars 

used for apple slices is 

óEmpireô.  Several practices 

can affect whole fruit qual-

ity during long-term storage 

and consequently influence 

slice quality.  óEmpireô ap-

ples sprayed with and with-

then removed from cold 

storage, rinsed in tap water, 

and sliced within 1 hour.  

After cutting, the slices 

were rinsed in running tap 

water, dipped in Nature 

Seal (label rate for 2 min), 

and then rinsed again in tap 

water, drained of excess 

water, and sealed in PD-900 

bags (Cyrovac).  Bagged 

slices from apples held in 

CA storage for 6 or 9 

months were held at 3oC for 

30 or 21 days, respectively.  

Slices were then assessed 

for browning and decay.  

After 6 months of storage, 

apple slices made from the 

second harvest had substan-

tially more decay than those 

from the first harvest.  Ap-

ples treated with 1-MCP 

also had slightly more slice 

decay.  ReTain and DPA 

7. Postharvest Treatment of óEmpireô Apples Influences Quality of Fresh-Cut Slices  

8. Quality of Fresh-cut óKentô Mango Slices Prepared from Hot Water or Non Hot Water Treated Fruit  

By Sharon Dea1, Jeffrey K. 

Brecht1, Maria Cecilia N. 

Nunes1, and Elizabeth A. 

Baldwin2 

 
1University of Florida, 

Gainesville, FL 
2USDA ARS, Citrus & 

Subtropical Products Labo-

ratory, Winter Haven, FL 

 

A quarantine heat treatment 

consisting of exposure to 

115°F water for 65 to 110 

minutes (depending on cul-

tivar and fruit size) is man-

dated by USDA-APHIS for 

all mangoes  entering the 

United States. Heat treat-

ments may affect ripening 

processes and induce resis-

tance to chilling injury, and 

may also alter the volatile 

profile of fruit. However, 

no information has been 

published on the effects of 

quarantine heat treatments 

on fresh-cut fruit quality 

and shelf-life. This experi-

ment addressed the effects 

of the mango hot water 

(HW) quarantine treatment 

T102-a on the visual, and 

compositional quality fac-

tors, aroma volatile produc-

tion, respiration rate, and 

electrolyte leakage of fresh-

cut óKentô mango slices 

stored at 41°F for 10 days. 

The experiment was re-

peated twice during two 

Florida mango seasons 

from two different sources; 

tissue firmness was meas-

ured in the second experi-

ment only. Mature green 

mangoes were immersed in 

77°F water for 2 minutes 

(control) or in 115°F water 

for 75 or 90 minutes, de-

pending on fruit size, before 

being transferred to 68°F 

and exposed to 100-ppm 

ethylene for 24 hours. The 

fruit were allowed to ripen 

at 68°F until the desired 

ripeness stage was attained. 

The fruit were then trans-

ferred to 41°F overnight 

before being processed into 

fresh-cut slices. Visual 

quality, electrolyte leakage, 

firmness, and aroma vola-

tile production (based on 

the quantification of 16 

aroma volatiles) did not 

differ between the fresh-cut 

slices prepared from HW- 

and non-HW-treated fruit, 

but fresh-cut slices from 

non-HW-treated fruit had 

higher soluble solids con-

tent than the HW-treated 

samples. There were also 

differences between the 

treatments for respiration 

rate, titratable acidity, and 

pH; however, the results 

were contradictory between 

the two experiments. Over-

all, the results suggest that 

the HW quarantine treat-

ment does not significantly 

affect the quality of fresh-

cut óKentô mango slices 

stored at 41°F. 

had no significant effects 

on slice browning.  After 

9 months of storage, apples 

from the second harvest 

could not be used for slices 

because of internal/flesh 

browning.  At this time, 

slices from 1-MCP-treated 

fruit from the first harvest 

had much less browning 

than those not treated.  

Similarly, slices made from 

DPA-treated apples exhib-

ited less decay and better 

quality ratings.  Consis-

tently throughout the study, 

slices from apples held for 

7 days in ambient air prior 

to slicing had less browning 

than those held for 2 days.  

Hence, a few days of hold-

ing apples in refrigerated 

ambient air after CA stor-

age improves slice quality. 
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strated that a dose of 1 kGy 

radiation can achieve at 

least a 5-log reduction of E. 

coli O157:H7 surface in-

oculated on fresh produce.  

However, it is unclear 

whether all fresh-cut pro-

duce can tolerate this dose 

level of irradiation.  This 

study was conducted to 

investigate the effects of 1 

kGy irradiation on the qual-

ity of thirteen common 

fresh-cut vegetables.  Re-

sults showed that the ap-

pearance of irradiated sam-

ples was similar as the non-

irradiated ones except that 

irradiated carrots, celery, 

cilantro and green onions 

had higher appearance 

By Xuetong Fan 

 

Eastern Regional Research 

Center, Agricultural Re-

search Service, U.S. De-

partment of Agriculture, 

Wyndmoor, PA 19038 

 

The recent E. coli O157:H7 

outbreaks associated with 

fresh vegetables have re-

sulted in much concern 

over the safety of produce.  

The produce industry is in 

need of a ñkillò step to en-

sure the safety of fresh-cut 

vegetables. Ionizing radia-

tion is known to effectively 

eliminate human pathogens 

such as fresh produce.  

Many studies have demon-

scores than corresponding 

non-irradiated vegetables.  

There was no difference in 

the instrumental texture 

between irradiated samples 

and non-irradiated ones.  

The aroma of several irradi-

ated vegetables was signifi-

cantly better than controls 

after 14 days storage, as 

these control samples de-

cayed or senesced.  Irradia-

tion did not affect vitamin 

C content of most vegeta-

bles; however, irradiated 

green and red leaf lettuce 

had lower vitamin C con-

tents than the controls.  Our 

results suggest that most 

fresh-cut fruits and vegeta-

bles tested can tolerate up 

9. Quality of Thirteen Fresh-cut Vegetables Irradiated with 1 kGy Gamma Rays 

10. Sensory Evaluation of New Strawberry Cultivars for Potential Use in Fresh-cut Fruit Mixes during the 

Winter Months   

By Celine Jouquand1, Anne 

Plotto2, Craig Chandler1  
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CR 672, Wimauma, FL 

33598 
2 USDA-ARS, Citrus & Sub-
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Strawberry fruit may be 

used in preparations of 

fresh-cut fruit mixes.  

Strawberry fruit available to 

the US market during the 

winter months are grown in 

Florida or Central America.  

óFestivalô, the main cultivar 

grown by the large com-

mercial strawberry farms in 

Florida, can produce firm, 

attractive and sweet fruit 

with a strong aroma. How-

ever, it has low yields in 

early December and the 

overall flavor of its fruit 

tends to be low in March.  

New selections are being 

evaluated by the University 

of Florida, as potential 

complements to óFestivalô 

in December and March. 

The USDA-ARS Citrus and 

Subtropical Products Labo-

ratory has evaluated sen-

sory and chemical charac-

teristics of the most promis-

ing of these selections over 

3 seasons, in December 

(2007), January (2007 and 

2008), February (2006, 

2007 and 2008), and March 

(2006 and 2007).  óFestivalô 

had low ratings for flavor 

and sweetness in March but 

also in January for every 

year tested.  FL-00-51 had 

relatively high and consis-

tent ratings for flavor and 

sweetness, compared to the 

other selections. Rubygem 

was another selection with 

high preference ratings, but 

it was only tested in 2007; 

this selection needs to be 

evaluated over another sea-

son to confirm the 2007 

results.  Selections with low 

flavor ratings were always 

judged as ñnot sweet 

enoughò by the panelists, 

thus linking flavor to sweet-

ness preference. 

to 1 kGy radiation without 

significant losses in any of 

the quality attributes.  Over-

all, our results demon-

strated that most fresh-cut 

vegetables can tolerate 1 

kGy radiation without dete-

rioration in quality. 
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juice extracted from the 

commodity is not indicative 

of the content of acid in the 

sample.  The acidity of the 

sample is measured by ti-

trating a known volume of 

sample with a known con-

centration of base to a set 

endpoint pH value.  While 

simple in concept, this titra-

tion requires a setup that is 

impractical for routine field 

use. 

 

A method is presented to 

easily measure the acid 

content of commodities in 

the field.  The method uses 

a strip of absorbent material 

(e.g., filter paper) loaded 

with a known concentration 

By Mikal E. Saltveit 

 

Mann Laboratory, Depart-

ment of Plant Sciences, 

University of California, 

Davis, One Shields Ave., 

CA 95616-8631.  Ph: 530-

752-1815, E-mail: mesalt-

veit@ucdavis.edu 

 

The organoleptic quality 

(i.e., taste) of many fruits 

and vegetables is signifi-

cantly influenced by the 

ratio of sugars to acids.  

While the sugar concentra-

tion can be easily measured 

with a hand-held refracto-

meter, the acid concentra-

tion is much more difficult 

to measure.  The pH of 

of base (e.g., NaOH) and a 

pH indicator (e.g., phenol-

phthalein).  The strip is 

sandwiched between two 

layers of material, one of 

which is transparent.  Iso-

lating the strip from the 

atmosphere prevents mois-

ture and carbon dioxide in 

the air from degrading the 

reagents.  Before use, one 

end of the strip is cut and 

immersed in a liquid sam-

ple.  Solution is wicked up 

the strip.  As it progresses 

up the strip, acid in the liq-

uid neutralizes some of the 

base and causes the indica-

tor to change color.  The 

moving liquid front is fol-

lowed by a colored band 

11. Simple Method to Measure Acid Content of Fruits and Vegetables 

12. Survival and Growth of Salmonella on Round, Roma, and Grape Tomatoes 

as Affected by Stage of Ripeness 

By David A. Mann and 

Larry R. Beuchat 
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1109 Experiment Street, 

Griffin, GA 30223-1797 

 

Several outbreaks of salmo-

nellosis have been associ-

ated with consumption of 

raw tomatoes.  Once Salmo-

nella attaches to the surface 

of tomatoes or infiltrates 

tissues, it can persist and 

may grow.  Survival and 

growth characteristics of 

Salmonella as affected by 

variety of tomato and stage 

of ripeness have been given 

little research attention.  

While Roma tomatoes have 

been reported to have a 

higher pH than round toma-

toes, survival of salmonel-

lae in wounds and on the 

surface has been observed 

to be unaffected by variety.  

The behavior of acid-

adapted Salmonella in and 

on tomatoes has likewise 

been given only meager 

research attention. A study 

was done with the objective 

to determine if survival and 

growth of Salmonella in 

and on tomatoes is affected 

by the variety of tomato 

(round, Roma, and grape), 

stage of ripeness, and stor-

age temperature.  The influ-

ence of acid adaptation of 

cells and site of inoculation 

on survival and growth was 

studied.  Salmonella grew 

in stem scar and pulp tis-

sues of round, Roma, and 

grape tomatoes stored at 12 

and 21ºC but not at 4ºC.  

Survival and growth was 

largely unaffected by vari-

ety and stage of ripeness at 

the time of inoculation.  

The pathogen did not grow 

on the skin of grape toma-

toes stored at 4, 12, and 

21ºC.  Survival and growth 

of Salmonella inoculated 

into stem scar and pulp 

tissues of round and Roma 

tomatoes were unaffected 

by prior exposure of cells to 

an acidic pH (4.7) environ-

where the acid has been 

neutralized and the color is 

unchanged.  Behind that is 

an area where the color has 

been changed.  The amount 

of acid in the liquid sample 

will be proportional to the 

length of the colored band, 

or the ratio of the length of 

the wetted area to the length 

of the colored area.  The 

method will be demon-

strated. 
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ment before inoculation.  

Results emphasize the im-

portance of preventing con-

tamination of tomatoes with 

Salmonella at all stages of 

ripeness, regardless of vari-

ety or previous exposure of 

cells to an acidic environ-

ment. 

2008 FreshTech Poster Session Abstracts  



Apart from rapidity, sim-

plicity and cost are two 

additional criteria desirable 

in any such detection ap-

proach. Adhesive tape-

based sampling methods 

have been used in food, 

clinical and environmental 

microbiology since the late 

1970ôs and involve pressing 

of ñScotchò-style tape to a 

sample surface for adhesive 

removal of microorganisms, 

followed by transfer of ad-

herent microorganisms to 

agar media for growth. A 

recent modification by 

Cono and Urzì (J. Micro-

biol. Meth. 55: 65-71) de-

scribed the combination of 

tape-based sampling with 

fluorescence in situ hybridi-

zation (FISH) for culture-

By Bledar Bisha and Byron 

F. Brehm-Stecher 

 

Iowa State University, De-

partment of Food Science 

& Human Nutrition 

 

Fresh produce is at risk for 

contamination with envi-

ronmental pathogens such 

as Salmonella spp. Because 

it is most often eaten raw, 

consumption of produce 

contaminated even at rela-

tively low levels may result 

in infection and disease. 

Methods for rapid detection 

of pathogens on produce 

surfaces may play an im-

portant role in mitigation of 

foodborne disease by pro-

viding decision makers with 

timely and actionable data. 

independent analysis of 

microorganisms colonizing 

the surfaces of stone monu-

ments. We applied a similar 

approach to the rapid sam-

pling of fresh produce sur-

faces for detection of Sal-

monella spp., using tomato 

as a model system. Salmo-

nella spp. (107 CFU/cm2) or 

mixtures of Salmonella spp. 

and the yeast Rhodotorula 

glutinis were spot inocu-

lated onto tomato surfaces 

and allowed to attach via 

drying for 3 h at room tem-

perature. Adhesive tape was 

used to remove cells from 

fruit surfaces, then tape 

samples were processed for 

FISH and viewed via fluo-

rescence microscopy. Using 

this approach, Salmonella 

13. Tape-FISH for Salmonella: Simple Adhesive Tape-Based Sampling of Tomato Surfaces Coupled with a 

Rapid Culture-Independent Detection Step 

14. Temperature Effect on Respiratory Parameters of Packaged Fresh-cut Pear Fruit 

By M. H. Gomes1*, R. M. 

Beaudry2, Almeida, D.P.F1,3 

 
1 Escola Superior de Biotec-

nologia do Porto , Univer-

sidade Católica Portu-

guesa, 4200-072 Porto 
2 Department of Horticul-

ture - Michigan State Uni-

versity, East Lansing, MI 

48824-1325 
3 Faculdade de Ciências, 

Universidade do Porto 

 

Maintenance of flavor, tex-

ture, color, nutrients and 

safety assurance during 

processing and throughout 

the distribution chain are 

major challenges facing the 

fresh-cut fruit industry. 

Improving knowledge of 

cut fruit physiology and 

biochemistry will help drive 

innovative treatments and 

aid in the development of 

packaging technologies to 

reduce retail losses and 

improve the overall market-

ability and success of these 

products. The aim of this 

work was to characterize 

the respiratory behavior of 

fresh-cut pear under modi-

fied atmosphere at different 

temperatures to provide 

information useful to the 

development of appropriate 

packages. 

Respiration rates were 

measured in óRochaô pear 

(Pyrus communis) slices, 

using a permeable mem-

brane respirometry system. 

Rates of O2 uptake and CO2 

production and respiratory 

quotient (RQ) were calcu-

lated once steady-state O2 

and CO2 partial pressures 

were achieved in the pack-

ages using partial pressure 

gradient for each gas, film 

permeability and fruit 

weight. Twelve different 

combinations of film thick-

ness, film area, and fruit 

mass were used and four 

different temperatures im-

posed (0 ºC, 5 ºC, 10 ºC and 

15 ºC) to achieve twelve 

target O2 levels at each tem-

perature. Three replicates 

per target O2  level were 

established. 

Packages with fresh-cut 

pear reached steady-state 

after 5 days (15 ºC), 8 days 

(10 ºC) and 10 days (5 ºC 

and 0 ºC). O2 uptake in-

creased with temperature 

and with pO2 pkg in a man-

ner consistent with Micha-

elis-Menten saturation ki-

netics. The maximal rate of 

O2 uptake (RO2
max,T) and the 

O2 partial pressure in the 

package at 50% of RO2
max,T 

(K1/2
T) at 0 ºC, 5 ºC, 10 ºC 

and 15 ºC were estimated. 

RO2
max,T (mmol kg-1 h-1) was 

modeled as an exponential 

function of T (Kelvin): 

RO2
max,T

pear = 1.42×10-

19×e0,151T (R2=0.992). The 

increase in the maximal rate 

of O2 uptake with tempera-

ture was equivalent to a Q10 

of approximately 4.4. K1/2
T 

varied with temperature 

between 0 ºC and 15 ºC; the 

best fit was obtained with a 

polynomial equation. The 

activation energy (Ea) for 

respiration was approxi-

mately 98 kJ/mole. 

These data provide a basis 

to predict package perme-

ability and steady-state pO2 

pkg to prevent anaerobic 

conditions and maximize 

shelf-life of fresh-cut pear. 

 

  

 

spp. were readily detected 

on tomato surfaces and all 

steps, from sampling to 

results, were accomplished 

in less than 2 h. This proof 

of concept work highlights 

the potential for tape-FISH 

to provide rapid, cost-

effective and specific detec-

tion of Salmonella spp. on 

fresh produce surfaces, 

even in the presence of non-

target organisms such as 

saprophytic yeasts. In fu-

ture work, we will evaluate 

this approach for detection 

of Salmonella spp. on other 

types of fresh produce, in-

cluding leafy greens. 
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15. The Role of Packaging in Flavor Loss of Fresh-Cut Produce  

By Charles F. Forney and 

Michael A. Jordan 

 

Atlantic Food and Horticul-

ture Research Centre, Agri-

culture and Agri-Food Can-

ada, 32 Main Street, Kent-

ville, Nova Scotia, B4N 1J5 

Canada 

 

Good flavor of fresh-cut 

produce is critical to ensure 

consumer satisfaction.  

However, during posthar-

vest handling and market-

ing, flavor is often lost.  

The flavor of fresh-cut pro-

duce is dependent on many 

factors including the quality 

and maturity of the whole 

product, postharvest treat-

ments and processing, stor-

age environments, and 

packaging technologies.  

The interactions of packag-

ing with the product can 

affect its flavor.  Modifica-

tion of oxygen and carbon 

dioxide concentrations in 

modified atmosphere pack-

ages (MAP) can affect fla-

vor metabolism.  Atmos-

phere modification can 

slow ripening or senescence 

and flavor changes associ-

ated with these processes.  

In addition, if oxygen con-

centrations become too low 

or carbon dioxide too high, 

fermentation can be in-

duced, which can result in 

the production of off-odors 

and flavors.  A less appreci-

ated effect is the direct in-

teractions of packaging 

films on the diffusional loss 

of volatile flavor com-

pounds.  The removal of 

natural barriers to diffusion 

by fresh-cut processing 

increases the rates of diffu-

sional loss of aroma/flavor 

volatiles from the product.  

The rate of loss is driven by 

the concentration gradient 

of each compound between 

the product and the atmos-

phere within the package.  

The package can act as a 

barrier that prevents the 

loss of these volatile com-

pounds from the package 

atmosphere and therefore 

minimize this concentration 

gradient.  However, de-

pending on the chemical 

properties of the packaging 

material, volatile com-

pounds can be adsorbed 

from the atmosphere by the 

package and thus enhance 

flavor loss.  These effects 

of packaging on flavor of 

fresh-cut produce will be 

discussed and examples 

presented. 
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