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Table 2. Examples of hurdles used to preserve foods

Type of hurdle

Examples

Physical hurdles

Aseptic packaging

Electromagnetic energy (microwave, radio frequency, pulsed magnetic fields,
high electric fields)

High temperature (blanching,
extrusion, baking, frying)
Tonising radiation

pasteurisation, sterilisation, evaporation,

Low temperatures (chilling, freezing)

Modified atmospheres

Packaging films (including active packaging, edible coatings)
Photodynamic inactivation

Ultra-high pressures

Ultrasonication

Ultraviolet radiation

Physicochemical hurdles

Caarbon dioxide

Ethanol

Lactic acid
lactoperoxidase

Low pH

Los redox potential

Low water activity
Maillard reaction products
Organic acids

Ozygen

Ozone

Phenols

Phosphates

Salt

Smoking

Sodium nitrite/nitrate
Sodium or potassium sulphite
Spices and gerbs

Surface treatment agents

Microbially derived
hurdles

Antibiotics
Bacteriocins
Competitive flora
Protective cultures
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Fig. 1. Fresh-cut Unit Operations.

t}. Minimal processing

HarksZ oz] BPOE o]FojzH o] WY E
ojzl ©H§) BROoE LprolItiFig 1) AE2)
Z 3} shelflife, 72] 7 FHAL Yal A= 2 =Y
7guojct 223 hurdle technologyE #-8-5}ofof

b ol mH rlo
T\"L

l-> o P

Al

03 0k% A

B FE o] &3 HA752 FdA
fresh-cut A =2] Adabal Ad] A|7tx] L

9] shelf-life G- & sl A sisfxich 2

e}

N o

7]

B2 x5
2oy fr

7}

ot

Fol nAETH FA U JUAY shelf-lifes HA
44ollA TL7R FRIFofob ot FHE peeling,
grating, shredding 9] 47tgAzle A& 4z
A, AiglshAol 3o} nAlE _Q_:l =2 '?r‘ja}é}o:]
fresh-cut A 29} shelf-lifeE ZHAA7I Zwd dl X
Zo] A3} F AsHAIZIEL,

87179 shelf-lifert Q7= AFS =30 ¥
H

o)
R

2517 hurdle®] 7§82 o] &% 73R 2 Az|7t
QTE|ojxIE}. &, Table 3o YEPd F9 A7
HAEY 4528 ofsf LEAS {7} o] Fof
A= ZAojtt YA AE 71338 FX 23
Al HACCP #ele v EDN e A¥s4ES
RS e 7 S48t £8 sle4ET
T E2 Table 49} Zth

Table 3. The key requirements in the minimal
processing of fruit and vegetables

* Good quality raw materials : correct cultivar
variety, correct cultivation, harvesting and
storage condition

* Strict hygiene and good manufacturing
practices, use of hazard analysis and critical
control oint principles

* Low temperatures during processing

* Careful cleaning / washing before and after
peeling

* Good quality water (sensory, microbiology, pH)
for washing

* Use of mild additives in washing water for
disinfection or the prevention of browning

* Gentle spin drying following washing

* Gentle cutting, slicing and shedding

* Gentle peeling

* Correct packing materials and packing methods

* Correct temperature and humidity during
distribution and retailing
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Table 4. Hazards, critical control points, preventive and control procedures in processing

and packaging of ready-to-use fruits and vegetables (Gorris)

Gritical operational ~ Hazards Critical contral point Preventive and contral measures
step
Growing Contamination with pathogens Cultivation techniques « Use synthetic fertiliser
« Inspect the sources of irrigation wate
Insects and fungal invasions - Use pesticides
Harvesting Microbial spoilage and insect invasion  Assessment of produce maturity < Harvest prior to peak maturity
Handling practices « Minimize mechanical injuries
Cross—contamination Temperature control « Harvest in the morning or at night
Sanitation « Employ pickers trained in elementary
hygiene
Transporting Microbial growth Time/ temperature « Keep the temperature low
» Avoid long distance transport
Cross—contamination Loading practices » Maintain uniform codling in transport
containers
Produce « Avoid damage. Do not overload the
Containers containers
» Separate sound and injured produce in
the field
« Use well-washed/disinfected metal or
plastic containers
Washing Contarmination from water Water « Use potable water, test routinely for
Washing practice the presence of coliform bacteria
Dewatering « Do not overload the washing
tanks/change the water periodically
*Rermove excess water
Sorting Oross—contamination Sorter » Employ sorter who has experience of
Lightener the inspection of produce
Corveyor * Provide adequate lightning
» Clean and disinfect periodically
Packaging Microbial growth Packaging film +Choose the permeability of film
correctly
» Analyse gas composition routinely by
using simple techniques
Relative hurridity and « Use fungicide impregnated film
Termperature control « Dewater the drenched produce
carefully
+ Use films which have antifogging
properties
« Check product/storage temperature at
regular intervals
Storage/distribution  Growth and spread of microorganisms  Termperature control » Maintain the refrigeration of produce in
the range of 0-5C
Light « Prevent moisture condensation by
proper termperature control
Consurmer practice . Tak_e the .effect of light into
consideration
- Provide labelling with instructions for
storage conditions
12
MEMTI THEMY, 20059 128
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Table 5. Physical effects and physiological effects on minimal processed vegetables and fruits

Physical Effects

* Immediate
- Mechanical shock to tissue :
- Removal of protective epidermal layer :
- Liquid on cut surface blocks pores :

* Subsequent

- Elimination of natural barriers, Reduced CO,, elevated O,

bruises, cracks, fractures

alter gas diffusion

elevated CO,, reduced O,, accelerates water loss
-Exposure to contaminants : microbial, chemical

Accelerated water loss, Contamination

Physiological Effects

* immediate

- Wound signal : hormone, wall fragment, bioelectrical wave
- Membrane depolarization : increased permeability, mixing of cellular compounds

- Membrane disorganizes :
* Subsequent

- Elevated ethylene production : wound pathway

lipids oxidized, free fatty acids produced

- Elevated respiration : CO, production, O» consumption, heat production, anaerobic respiration

- Oxidative reactions : browning

- Altered phenolic metabolism : browning substrates

- Induction of wound healing :

lignin and suberin synthesis, cell division

- Compositional changes : Ascorbic, organic acids, carbohydrates, toughening, softening, loss of flavor
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Table 6. Physical and chemical methods for controlling of browning on minimal processing

Physical methods

* MAP (modified atmosphere packaging)

* Temperature management : reducing temperature, blanching

* Edible coating

* Gamma-irradiation

* Non-thermal technology : High pressure, pulsed electric fields,

Chemical methods

* Antibrowning agents

- Acidulants : citric acid, malic acid, malic acid, tartaric acid, lactic acid, phosphoric acid , etc .

- Reducing agents : ascorbic acid, erythorbic acid, ascorbyl-phosphate esters, AA-s-phosphate,
AA-triphosphate, L-cysteine

- Chelating agents : cyclodextrins, B-cyclodextrin(3-CD), maltosyl-B-CD

- Complexing agents : EDTA, polyphosphate, sporix, sodium acid, pyrophosphate, soudium
hexameta-phosphate

- Enzyme inhibitors : 4-hexyl resorcinol, NaCl, CaCl,, honey

- other antibrowning agents : protease, aromatic carboxylic acids

Table 7. Prevention of texture loss in fresh-cut products

* General firming agent for fresh or fresh-cut vegetables and fruits
Calcium treatment * CaCl2(apple slice, pear slice), calcium lactate(melon cylinder)

* Inhibit polygalctronase, pectin esterase

*

Heat treatment mild heat treatment to retain firmness

* lower respiration rate
Modified atmosphere packaging

* strawberry, pear, peach

* reduce crispness, appearance change

%

mild cutting and rinsing
Water loss prevention
* control temperature and relative humidity

*

edible films / coating
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Table 8. Factors affecting the microbial stability and quality of minimally processed vegetable

salads from farm to retail

Intrinsic factors

* pH : depending on the type of vegetable used

* Nutrient availability:Mixed salads contain a wider variety of nutriens than single packs of vegetables

* Biological structure:damage, physiology, biochemical, physiological changes during processing and storage

Processing factors

* Farm practice:fertilizer, pesticides, contamination from handlers, animal, insects, damage during harvest,

water, condition of packing sheds and trucks
* Washing

* Temperature:during harvest and trimming and washing

Extrinsic factors

* Temperature:during transport and retailing
* Modified atmosphere packaging

Implicit factors

* competition between predominant microbial groups

* antagonistic relationships between microbial groups synergism between microbial groups

15
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Table 9. Modern preservatives as microbiology control

Sorbic acid Calcium sulphite tetrami
amine
Potassium sorbate Calcium hydrogen ) .
. ’ Dimethyl dicarbonate
Calcium sorbate sulphite Propionic acid
opionic aci
Benzoic acid Potassium hydrogen Sodi P onat
um propionate
Sodium benzoate sulphite Calci P p.o ‘
cium iona
Potassum benzoate Biphenyl; diphenyl P tassiumprop(i) f
0 opionate
Calcium benzoate Orthophenyl phenol Bori Pr 1I()i
c ac
Ethyl p-hydrozybenzoate Sodium orthophenyl ) ) \
. Sodium metabisulphite
Sodium ehtyl p-hydroxybenzoate pheno . . .
.. Potassium metabisulphite
Propyl p-hydroxybenzoate Nisin )
. ) Sodium tetraborate; borax
Sodium propyl p- hydroxybenzoate Natamycin L
SOZYme
sodium hydrogen sulfhite Hexamethylene Y

Table 10. Selected examples of natural antimicrobials used in fresh-cut fruit and vegetable
preservation

Natural antimicrobials Application on fresh-cut fruit and vegetable

* Volatile aroma compounds
* Effective fungicides

Hexanal, hexyl acetat
exanal, exyl aceie, * Effect against E. coli, L. monocytogenes, Salmonella

2-(E) haxenal
(®) haxe * Applications: fresh-cut apple slices
* Control of browning
* Weakly water solube, can be applied as a dip
ci eyde * Effective against a range of bacteria and fungi

* Applications : fresh-cut honydew, kiwi
* Storage flavor, not readily metabolizzed
* Poor solubility
Oregano oil * Has been applied to prepared salads. in dressings
* Good control of spoilage yeast, fungi, some bacteria
* From cypress tree
B-thujaplicin (Hinokitol) : All fruits, vefgetables .
Incorporated into packaging or wraps
* Fungicide, bactericide
* Has been used to control Salmonella spp, in cantaloupe
Nisin * Must be used together with other agents (EDTA, potassium sorbate,
sodium lactate)
* low solubility
* Attempt to extent shelf-life of Swiss chard
* Negative impact on sensory quality

Eucalyptus, tea tree, lemon,
rosemary, clove oils

2R
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