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Influence of process operations on shelf-life and microbial
population of fresh-cut vegetables
M Sinigaglia, M Albenzio and M Rosaria Corbo

Istituto di Produzioni e Preparazioni Alimentari, Facolta di Agraria di Foggia, Via Napoli 25, 71100 Foggia, Italy

Cut lettuce salads and shredded carrots were prepared according to four different procedures in order to determine

the influence of various operations on the shelf-life of these ‘minimally processed’ foods. In particular, the level of

active chlorine used or its residue after washing as well as the processing time were considered. The results
emphasize the role of free chlorine in reduction of the contamination level and its effectiveness toward Pseudomona-
daceae and Enterobacteriaceae . Moreover a 12-h delay without refrigeration, after pre-washing or removal of ends,
caused a lengthening of the processing time, enough to allow microbial proliferation and subsequent shortening of
shelf-life. Shelf-life extension and the improvement of safety and quality of these products can be obtained by means

of adequate processing operations.
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Introduction taining chlorine or other antibacterial compounds
. , : [17,21,26].
The foods known as IV gamma’ products, according to a The objective of the present work was to determine the

Eg?\g?; doin\?vrglsrr\]aétéons["lczgaarghroeadeyc—jto(;lrjser;t(z %etijvlvesvéh%ﬁ‘fects of operations undertaken during processing on the
’ ’ PP 9 g§ elf-life of cut lettuce and shredded carrots prepared
etables. These products are packaged, stored at tempe&1 -

S L cording to four different procedures. Moreover the influ-
;urvszetl)(ei[;\fen@ and 5C and must be distributed within ence of the different operations on the composition of the
The principal factors that affect the shelf-life and micro- microbial population was evaluated.
biology of raw prepared vegetables are: good agricultura :
practices in growing crops, good hygienic practices duringkll""te”"’1Is and methods
harvesting, quality of washing water, packaging methodd®rocessing and storage of cut lettuce and shredded
and materials, transporting and storage temperaturéarrots
[1,3,4,14,15,25]. Packaged cut lettuce salads were processed according to
The microbial population colonizing fresh-cut vegetablesfour different procedures at a local company producing
typically consists ofPseudomonaspp, Xanthomonaspp, Teady-to-eat-salads’ (Figure 1). Figure 2 describes the four
Enterobacter spp, Janthinobacteriumspp, yeasts, lactic Procedures used for preparation of packaged shredded
acid bacteria, less frequentlkeromonas hydrophilaand  carrots.
occasionallyListeria monocytogen€®,6,16,19,22,27]. For both products, the main differences were: (1) treat-
During the processes of peeling and cutting, intracellulatment with a solution containing 150 ppm of free chlorine;
oxidizing enzymes are released. In addition the surface dfil) treatment with a solution containing 100 ppm of free
the vegetables is exposed to the air and to contaminatioghlorine; (Il) treatment with a solution containing 100 ppm
by bacteria, yeasts and moulds. Therefore elevate@f free chlorine and washing after cutting for lettuce or
respiration/transpiration rates and metabolic activities oshredding for carrots in order to reduce the residual chlorine
spoilage microorganisms are the main reasons for shorten&@ncentration; (V) the flow diagram is the same as I, but
shelf-life [1,4,14,25]. there was a 12-h delay at room temperature (13€)&fter
Washing after peeling and cutting removes microbes an@re-washing or removal of ends for lettuce and carrots,
tissue fluids, and thus reduces microbial growth and enzytespectively.
matic oxidation during storage. The microbiological and Cut lettuce and shredded carrots were packaged under
sensory quality of the washing water used must be goo@rdinary atmosphere in a small polypropylene tray
and its temperature low, ie below®. By careful washing, (11x8x5cm, nominal thickness 30m) wrapped with
the shelf-life of minimally processed vegetables can be propolyethylene film (high gas permeability, nominal thickness
longed by several days [1,3,4,15]. Furthermore, the effec38 um), heat sealed and stored &CSfor 2 weeks.

tiveness of washing can be improved using solutions CONisolation and identification of salad and carrot flora

A 10-g sample from each batch of vegetables was diluted
with 90 ml of sterile NaCl solution (0.9%) and homogen-
Correspondence: M Sinigaglia, Istituto di Produzioni e Preparazioni Ali—lzed with a Stomacher Lab-Blender 400 for 2 min.

mentari, Facoltali Agraria di Foggia, Via Napoli 25, 71100 Foggia, Italy DeCima| dilutions, as r_eqUired, were preparec_i with th_e
Received 29 September 1998; accepted 19 July 1999 same diluent and plated, in duplicate, on appropriate media.
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Figure 1 Diagram for the preparation of the four lines of packaged lettuce salads.

The media and the conditions of incubation were: Platewherey is the growth extent as log CFUgat the timet;

Count Agar (PCA, Oxoid) incubated at® for 1 week for
total psychrotrophic bacteria; Violet Red Bile Agar resents the difference in cell concentration between inocu-
(VRBA, Oxoid) incubated at 3 and 44C for 24 h for
total and fecal coliforms, respectively; MRS Agar (Oxoid) maximum growth rate ad log CFU g? per day; and\ is
incubated anaerobically at 3D for 4 days for lactic acid

k is the initial cell concentration as log CFUg A rep-

lum and stationary phase, as log CF3',gumay iS the

the length of the lag phase expressed in days. The statistical

bacteria; Sabouraud Dextrose Agar (Oxoid) incubated atreatment of data was performed using Statistica for Win-
28°C for 4 days for yeasts; Starch-Ampicillin Agar (SAA) dows (Statsoft Inc).
[24], incubated at 28 for 24-36 h forAeromonas hydro-
phila. Only the colonies showing amylase activity on SAA
were counted.
Colonies with different morphologies were selected fromCut lettuce salads
PCA plates incubated at°6 and purified by repeated The samples of cut lettuce prepared according to four dif-
streaking on PCA. All strains were grouped on the basis oferent flow diagrams (Figure 1), were analyzed for initial
colony characteristics, cell shape, Gram-staining reactiortptal counts of total psychrotrophic bacteria, yeasts, lactic
oxidase and catalase reactions as well as glucose utilizatioacid bacteria (LAB), total and fecal coliforms amdero-
according to the Hugh—Leifson test [13]. The classificationmonas hydrophila
schemes and the methods used were those of Cadlins  The cell loads of all microbial groups analyzed were low-
al [10]. est in lettuce handled according to | (treatment with
150 ppm of free chlorine) and highest in products of IV
Growth modelling treated with 100 ppm chlorine and kept, after prewashing,
Growth parameters were estimated by modelling growtHor a 12-h period without refrigeration (data not shown),
curves according to the Gompertz equation modified byand the predicted shelf-lives ranged from about 11 to 3
Zwietering et al [29]: days. As shown by Guerzomit al [11], the dynamics of
the process and the extent of washing operations play an
important role in reduction of the contamination level. The

Results and discussion

y=k+Axexp-exp [(umaxx &/A) x (A -1) + 1
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Figure 2 Diagram for the preparation of the four lines of packaged shredded carrots.

quality of the water used to wash the vegetables, the delaghredded carrots
between the washing and cutting phases, the level of activEhe samples of shredded carrots, processed according to
chlorine used or residue of the washing, the process timéur different flow diagrams (Figure 2) were analyzed for
and the temperature have an important influence on ththe same microbial groups determined in lettuce.
initial load and subsequent evolution of the microbial popu- As observed for packaged cut lettuce salads, the different
lation. A. hydrophila commonly associated with water and process operations played a key role in the contamination
fresh vegetables, was absent in all the samples analyzedevels (Table 1). Samples produced according to line IV
In order to evaluate the effects of chlorine treatment onshowed the highest initial cell loads for all the microbial
the composition of the microbial population, the frequencygroups analyzed with the exception of lactic acid bacteria.
of psychrotrophic bacteria isolated and identified at familyGuerzoniet al [11] observed that elimination of free chlor-
or genus level was determined in relation to different pro-ine, by washing after cutting the lettuce, allowed survival
duction lines. The frequency dPseudomonadaceaand and proliferation of fecal coliforms and lactic acid bacteria.
Enterobacteriaceaéncreased with the diminution of the As far as fecal coliforms are concerned, our results agree
active chlorine used for washing, while this antibacterialwith those of Guerzoret al [11]; however, lactic acid bac-
compound did not seem to have an influence on the freteria survived and multiplied in the carrots of | and II,
quency ofMoraxellaspp andVibrionaceae Moreover, the whereas they disappeared in Ill and IV. This could be
highest frequencies alanthinobacteriunspp andFlavo-  linked to the high sugar concentration of carrots [7,8,28]
bacteriumspp, typical spoilage microorganisms, in lettuce making lactic acid bacteria more competitive in | and Il,
of line IV could be attributed to temperature abuse afteiwhile the washing step after shredding, by eliminating the
the pre-washing step. free chlorine, increased the competitiveness of the
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Table 1 Initial cell loads and subsequent evolution during storage of the microbial population of packaged shredded carrots in relation to production Iiﬁgs

Time (days) Log CFU*
Psychrotrophic bacteria Total coliforms Fecal coliforms Lactic acid bacteria Yeasts
|a
0 4.78 2.84 1.54 2.69 2.00
3 5.89 3.52 <1.00 2.50 2.32
5 7.00 5.53 <1.00 2.69 2.95
8 7.95 7.50 <1.00 3.39 3.48
15 8.04 7.50 <1.00 4.00 3.40
1l
0 4.82 3.30 2.00 2.60 2.01
3 6.40 3.85 <1.00 3.70 2.25
5 7.00 6.48 <1.00 3.48 3.00
8 8.10 7.20 <1.00 4.84 3.51
15 8.10 7.51 <1.00 4.80 3.80
11l
0 5.02 3.40 2.18 1.78 2.12
3 6.40 5.30 2.25 <1.00 2.50
5 7.10 7.05 2.30 <1.00 3.25
8 8.21 7.90 2.90 <1.00 3.64
15 8.41 7.90 2.90 <1.00 4.00
\Y
0 5.48 3.85 2.30 1.65 2.03
3 7.45 5.30 2.04 <1.00 2.65
5 8.42 7.00 2.10 <1.00 3.45
8 8.80 8.20 2.00 <1.00 3.89
15 9.04 8.20 2.05 <1.00 4.18

aSee Figure 2.

microflora characterizing the ‘IV gamma’ products. TheseTable 2 the Gompertz parameters and the predicted values
microorganisms, which were responsible for product spoil-of the time (days) necessary to attain a cell population of
5x10° CFU g? are reported. This time can be considered
as a measure of the potential shelf-life. The predicted shelf-
lives ranged from about 5 to 9 days; these results emphasize
trophic bacteria, were analyzed according to the Gompertthe fundamental role of the free chlorine concentration as
well as of the processing temperature. In fact, the products
The predicted curves fitted well the experimental pointsof IV, characterized by absence of free chlorine and thermal
as indicated in Figure 3 showing growth curves of psychro-abuse after pre-washing, presented the shortest shelf-life.
trophic bacteria in relation to the production processes. In A significant number of psychrotrophic bacteria were
identified at family or genus level and the frequency was
calculated in relation to different production processes. The

age, did not allow lactic acid bacteria to survive.hydro-
phila, was also absent in all carrot samples.
The growth data, as log CFU™Y relative to psychro-

equation as modified by Zwieterirgf al [29].

9,5

35

isolates belonged t&nterobacteriaceaePseudomonada-
ceage VibrionaceagMoraxellaspp,Acinetobactespp,Jan-

Table 2 Influence of the processing operation on the growth of psychro-
trophic bacteria and predicted shelf-life of packaged shredded carrots

o 7
2 Line? KP A A Te
b In¢e Mmax
g 6,5
- | 4.78 8.04 0.50 1.09 0.999 9.29
Il 4.82 8.21 0.52 0.13 0.992 8.05
55 b . 1] 5.02 8.41 0.60 0.67 0.992 7.48
” \Y 5.48 9.04 0.80 0.75 0.999 5.81
45 “See Figure 2.
0 3 6 9 12 15 bGompertz equation parameters: K, initial load (log CFUY)g A,
Time (days) maximum cell extent attained at the stationary phase (log CFYJ @max

maximal growth ratej, lag phase (days)R?, regression coefficient of the
Figure 3 Growth curves of psychrotrophic bacteria fitted with the Gom- Gompertz equation obtained.

pertz equation in relation to the production line of shredded carrots®Predicted shelf-life as the time (days) necessary to attairl@ CFU
—X—|; --@-- I, --- A-—- lIl; % [V. g level.
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thinobacteriumspp andFlavobacteriumspp. The products 6 Carlin F, C Nguyen-The and A Abreu da Silvia. 1995. Factor affecting

; ; _the growth ofListeria monocytogenesn minimally processed fresh
of | and Il were characterized by greater bacterial hetero endive. J Appl Bacteriol 78: 636-646.

geneity, while _the microfloral Compo.S'tlon of carrots Pro- 7 carlin F, C Nguyen-The, G Hilbert and Y Chambroy. 1990. Modified
duced according to IV was relatively homogeneous. atmosphere packaging of fresh, ‘ready-to-use’ grated carrots in poly-
PseudomonadaceaEnterobacteriaceaandAcinetobacter meric films. J Food Sci 55: 1033-1038.

spp were the only microorganisms identified. Moreover, 8 Carlin F, C Nguyen-The, G Hilbert and Y Chambroy. 1990. Effects
Moraxella spp andVibrionaceaedisappeared in both Il of controlled atmosphere on microbial spoilage, electrolyte leakage

; and sugar content of fresh ‘ready-to-use’ grated carrots, Int J Food Sci
and IV. This could be due to elevated frequencyséudo- Technol 25: 110-119.

monadaceaand Enterobacteriacea¢hat inhibited growth 9 Carlin F, C Nguyen-The, P Cudennec and M Reich. 1989. Microbio-
of microbial spoilage microorganismséraxellaspp,Vib- logical spoilage of fresh, ready-to-use grated carrots. Sci Alim 9:

; iums ; ; 371-386.
rlonacea}e FIa.VObaCter.lu PP andJanthlnobacterlun$pp) 10 Collins CH, PM Lyne and JM Grange. 1989. Collins and Lyne’s
and lactic acid bacteria (Table 1). :

Microbiological Methods. Butterworths, London.

11 Guerzoni ME, A Gianotti, MR Corbo and M Sinigaglia. 1996. Shelf-
life modelling for fresh-cut vegetables. Postharvest Biol Technol 9:
195-207.

. . . .. .12 Journal Officiel. 30/03/1993.

The agricultural practices and hygienic conditions during3 Hugh R and E Leifson. 1953. The taxonomic significance of fermenta-

harvesting, processing, packaging, transport and storage, tive versus oxidative metabolism of carbohydrates by various Gram-

undoubtedly influence the initial microbial population  negative bacteria. J Bacteriol 66: 24-26. _

[5'20] The microbial flora of mlnlma”y processed foods 14 Hurme E, R Ahvenamen,_ E Skytta, R Heinis, M Mattila and M Hagg.

. .. 1994. Effects of preparation procedures and long term storage on the
such as ready-to-eat vegetables is of great concern, as it

: : shelf-life of prepared vegetables packed in polypropylene film. In: Pro-
involves both spoilage and safety problems [9,18,23]. In  ceedings of Workshop COST'94: Postharvest treatment of fruits and

these systems which fall into the low acid range food cate- vegetables, 1-2 October, 1992, Istanbul, Turkey (Pala M, E Hohn and
gory, the high humidity and the large number of cut sur- _ Z Somogyi, eds), pp 41-49.

. . L e e 15 Huxsoll CC and HR Bolin. 1989. Processing and distribution alterna-
faces can provide ideal conditions for multiplication of tives for minimally processed fruits and vegetables. Food Technol 43:

spoilage microorganisms, and do not present sufficient 124 108
‘hurdles’ for the growth of more hazardous species. 16 LaineK and J Michard. 1988. Frequency contamination Llisteria
In this work we have demonstrated the effectiveness of spp in prepacked mixed salads and individual salad ingredients. PHLS
; _ Microbiol Digest 8: 21-22.
Chlorm.e treatment toward%seUdomonaqaceMdE.ntero. 17 Lund BM. 1983. The effect of bacteria on post-harvest quality of veg-
bacteriaceaeMoreover a 12-h delay without refrigeration

. : etables. In: Quality of Stored and Processed Vegetables and Fruits
after pre-washing or end removal, although not likely under (Goodenough PW and RK Atkin, eds), pp 287-300, Academic

normal operating conditions, caused sufficient extension of Press, London.
. i growth in vegetables salads at chill and abuse temperatures. Food
subsequent shorte_:nmg of s_helf life. _ _ Microbiol 3- 59-65.
Although the microorganisms analyzed in this study dojg marchetti R, MA Casadei and ME Guerzoni. 1992. Microbial popu-
not represent a public health concern, shelf-life extension Iation dynamics in ready-to-use vegetables salads. Ital J Food Sci 2:
and the improvement of the safety and quality of these 97-108.

‘minimally processed foods’ are important criteria for the 20 Masson A. 1988. Microbiologie desdemes frais préecoups.
i [ f production and distribution.,, “hcrobiol Alim Nutr 6: 197°199. . .
economic convenience of p 21 Mazollier J. 1988. [IVeme gamme: lavage éselefection des salades.

These objectives can be obtained by means of adequate pro- infos-CTIFL 41: 20-23.

cessing operations. 22 MembreJM, D Goubet and M Kubaczka. 1995. Influence of salad
constituents on growth oPseudomonas marginalisa predictive
microbiology approach. J Appl Bacteriol 79: 603-608.

23 Palumbo SA. 1986. Is refrigeration enough to restrain foodborne
pathogens? J Food Protect 49: 1003-1007.

1 Ahvenainen R, E Hurme and M Mattila. 1994. Minimal processing 24 Palumbo SA, F Marxino, AC Williams, RL Buchanan and DW Thayer.
and modified atmosphere packaging of vegetables. In: Proceedings of 1985. Starch-ampicillin agar for the quantitative detectionAefo-
Workshop COST'94: Postharvest treatment of fruits and vegetables, monas hydrophilaAppl Environ Microbiol 56: 1875-1881.

1-2 October, 1992, Istanbul, Turkey (Pala M, E Hohn and Z Somogyi,25 Shewfelt RL. 1986. Postharvest treatment for extending the shelf-life
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