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Abstract 

 

In recent years, consumers have become more health conscious in their food choices
but they also have less time to prepare healthy meals. As a result, minimally processed
(MP) products have become an important sector of the food industry because of their
‘fresh-like’ qualities, convenience and speed of meal preparation. In this study, the
physical qualities of MP potatoes (‘Désirée’ variety) stored for 7 days in vacuum
packaging were evaluated. The shelf life of MP potatoes was effectively extended to
nearly 1 week under refrigerated storage by using vacuum packaging systems. The
main quality parameters were constant during storage.

 

Introduction

 

Potatoes are a crop of ancient origin. They were first
cultivated in South America (Andes Mountains) and
introduced to Europe in the 16th century. They gained
recognition as an inexpensive and nutritious food in the
18th century and are now among the 10 major food
crops of the world grown in 140 countries (Macrae &
Robinson 1993). They are the most grown vegetable in
the world and the fourth most important crop, next to
wheat, maize and rice in global tonnage (Macrae &
Robinson 1993).

It is well established that the consumption of vegeta-
bles is good for health (Krause & Mahan 1985). Pota-
toes are a good source of carbohydrate, protein,
vitamins and minerals. They have a slightly lower
energy content (335 kJ per 100 g) than other roots,
tubers, cereals and legumes, but this is advantageous in
overcoming the problem of obesity in the developed
world (Macrae & Robinson 1993). On the other hand,
large quantities of potato have been consumed in devel-
oping countries to meet their populations’ daily energy
needs. It has been calculated that 100 g of potato can
supply 5–7% of the daily energy and 10–12% of the
daily protein needs of children aged 1–5 years (Macrae
& Robinson 1993). One hundred grams of potato can
supply 3–6% of the daily, human (adult) protein

requirement (depending upon sex and body weight),
and one medium-sized potato provides 15 mg of vita-
min C, which is about 20% of the recommended allow-
ance (60 mg) per person and per day (RDA 1989).

Consumption of potatoes with the skin increases the
dietary fibre intake. It is also a valuable food for those
who suffer from excessive acidity of the stomach as it
has an alkaline reaction (Macrae & Robinson 1993).
Potato fat content is too low to have any nutritional
significance, but it does contribute towards palatability.
The potato also provides most of the trace elements
needed to maintain good health such as iron, potas-
sium, phosphorus, magnesium, sulphur, copper, zinc
and manganese which are the most important mineral
present. One hundred grams of cooked potato contrib-
ute 250 mg of potassium and can supply 6% and 12%
of the daily iron requirement for children and adults,
respectively (Johnson 

 

et al

 

. 1968; Macrae & Robinson
1993).

Fruits and vegetables have improved the human diet
for centuries, enriching both its nutrition and sensory
properties. But as consumers become more health con-
scious in their food choices, they also have less time to
prepare healthy meals. As a result, minimally processed
(MP) products have become an important sector of the
food industry because of their ‘fresh-like’ qualities, con-
venience and speed with which meals can be prepared.
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An increasing number of people are consuming at
least one meal out of the home. Food service operations
often have to prepare large quantities of food, such as
potatoes, vegetables, onions and carrots, in a short
period of time. Often, they have to prepare (peel and
cut) these products the day before consumption which
can lead to excessive losses of soluble and sensitive
nutrients (Laurila 

 

et al

 

. 1998). These products, when
supplied to the consumer/food service operation in a
convenient format, peeled, cored or sliced in prepared
packages, with ‘fresh-like’ qualities and ready for prep-
aration/consumption, comprise in a new category of
products called ‘Minimally Processed’ (MP). Other
terms used to refer to MP products are ‘lightly pro-
cessed’, ‘partially processed’, ‘fresh processed’ and ‘pre
prepared’ (Rocha & Morais 2001).

To be acceptable to consumers/food service opera-
tions, MP products must have a ‘fresh’ appearance, be
of consistent quality and be reasonably free of defects.
Physical damage or wounding caused by preparation
increases the rate of biochemical reactions responsible
for changes in colour (including browning), flavour,
texture and nutritional quality (such as vitamin loss).
The use of vacuum packaging is a promising alternative
to chemical treatment, for maintaining the quality of
MP vegetables.

Potatoes are extremely sensitive to enzymatic brown-
ing. The storage life of peeled or cut raw potatoes is
limited by the onset of enzymatic browning at cut sur-
faces. The discoloration results from the polyphenolox-
idase (PPO)-catalized oxidation of phenolic compound
to quinone and their subsequent condensation to dark-
coloured pigment called melanine (Langdon 1987;
O’Beirne & Ballantyne 1987; Sapers & Miller 1992;
Chassery & Gormley 1994; Ahevenainen 

 

et al

 

. 1998;
Laurila 

 

et al

 

. 1998). It is generally assumed that minimal
processing operations cause disruption of compartmen-
talization, allowing substrates and enzymes (oxidases)
to come in contact (Brecht 1995). Because it is generally
accepted that PPO is the enzyme mainly responsible for
browning, an increase in PPO activity after peeling and
cutting would be expected (Lattanzio 

 

et al

 

. 1994).
When the cellular compartmentalization is disrupted,

phenolic compounds may be involved in both enzy-
matic and non-enzymatic browning reactions. In the
former case, the oxidation of phenolic substrates is
catalysed by PPO activity and the quinones formed can
take part in secondary reactions, bringing about the
formation of dark secondary products (Laurila 

 

et al

 

.
1998; Reyes-Moreno 

 

et al.

 

 2001). In the latter case, the
common cause of darkening is attributable to the inter-
actions between phenols and heavy metals, such as
iron, which yield coloured complexes (Lattanzio 

 

et al

 

.
1994). Vamos-Vigyàzò (1981) indicated that the rate

of discoloration following mechanical injury is first
higher, then decreases, and finally drops to zero. This
conforms with enzyme inactivation and with the pat-
tern of decrease in substrate content observed after
bruising (Whitaker 1994; Rocha & Morais 2001).

The origins of controlled/modified atmosphere vac-
uum food preservation are generally attributed to the
research of Kidd and West in the early years of 20th
century (Brody 1989). Vacuum packaging, which
removes the air from food packages, is now widely used
to extend food shelf life and the quality of processed
product (Hintlian & Hotchkiss 1986; Brody 1989;
Gorris & Peppelenbos 1992; Varoquaux & Nguyen
1994). The use of vacuum packaging greatly inhibits
the progress of oxidative reactions and inhibits the
growth of aerobic microorganisms, which generally
lead to deterioration of foodstuffs during storage
(Martens 1995).

A knowledge of the nutritional and physical impacts
of minimal processing operations on these products
will be an advantage for producers in that they will
possess information to create new markets, and for the
consumer/food service operation, because they will
have a new range of highly convenient products. In this
study, the physical quality of MP potatoes (‘Désirée’
variety) stored for 7 days in vacuum packaging was
evaluated.

 

Materials and methods

 

Plant material

 

‘Désirée’ potatoes which have a yellow flesh and a
purple skin were grown in Portugal. Samples were
supplied ready processed and packed by the firm
‘Interbatata’. Potatoes were automatically peeled by
abrasion, manually selected for visual defects, immedi-
ately washed and vacuum-packed. Potatoes were left
whole in order for them to be used in a variety of
different ways for cooking.

 

Treatment and storage conditions

 

Potatoes were packed under vacuum with a Multivac
machine (vacuum of 1 mBar during 10 s) and stored in
a cold room at 4–6

 

∞

 

C. Bags consisted of an outer polya-
mide (PA) layer and an inner polyethylene (PE) layer
with properties in Table 1. The PA gives mechanical
strength and impermeability to O

 

2

 

 and other gases. PE
is co-extruded for its water and vapour impermeability
(Martens 1995).

Each day of storage a pouch was removed from
refrigeration, opened and the potatoes placed in salted
water (0.9% NaCL) in order to avoid leaching of sol-
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uble nutrients until used in experiments. Potatoes were
evaluated for weight loss, firmness, colour, PPO activity,
enzymatic activity, total phenolic compound, titratable
acidity, pH, soluble solids content and reducing sugars.

 

Weight loss

 

Weight loss was calculated from the weight of five
peeled potatoes per replicate measured before and after
storage. The weight loss was expressed as a percentage
of initial fresh weight. The dry weight was determined
by drying a weighed aliquot of potato slices at 85

 

∞

 

C
for 5 days and re-weighing.

 

Firmness

 

Firmness (6 mm deformation) was measured at four
different parts of five potatoes (two measurements at
the midpoint and two measurements at the top and
bottom of the potatoes) with an Instron Universal Test-
ing Instrument (Model 1132, Instron Corp., Canton,
OH, USA) for each time of storage. A 100 Newton (N)
load cell was used for firmness determination of the
potatoes. Cross-head speed was 10 mm/min. This
speed was selected considering that potatoes would
have to be cooked before eating and therefore what was
important is that the chosen speed allowed relative
changes of firmness of raw potatoes to be measured. A
7-mm diameter convex tip Magness-Taylor type probe
was used. This test measured individual tuber firmness
based on the resistance of the potato flesh to deforma-
tion by the probe (Kader 1982).

 

Colour assessment

 

Cut potato surface colour was measured with a hand-
held tristimulus reflectance colorimeter (Model CR-
200b, Minolta Corp., Ramsey, NJ, USA). Colour was
recorded using the CIE-L*a*b* uniform colour space
(CIE-Lab), where L* indicates lightness, a* indicates
chromaticity on a green (–) to red (

 

+

 

) axis, and b*
chromaticity on a blue (–) to yellow (

 

+

 

) axis. A decrease
of L* value and an increase of a* value is a useful
indicator of darkening during storage (Mastrocola &
Lerici 1991; Monsalve-Gonzalez 

 

et al

 

. 1993; Rocha &
Morais 2001).

 

PPO activity

 

Extraction procedure of PPO was described by Rocha
& Morais (2001). The potato samples (20 g) were
homogenized with 0.2 M pH 6.5 sodium phosphate
buffer (extraction buffer) plus 2% polyvinilpirrolidone
(PVPP) for 3 min using a blender jar with external ice
bath, with 1 min intervals after each minute of homog-
enization. The homogenates were centrifuged at 4

 

∞

 

C
for 30 min at 16000 r.p.m. (Sorvall RC-5C, Instru-
ments Dupont, refrigerated super speed centrifuge).
The supernatant was filtered through cheesecloth and
its volume determined for enzymatic activity assay.

 

Enzymatic activity

 

Enzyme activity was assayed by measuring the rate of
increase in absorbance at 420 nm in a Perkin-Elmer
Lambda 15 UV/VIS spectrophotometer. The reaction
mixture contained 3.0 mL of catechol solution (2.2%),
freshly prepared in 0.05 M sodium phosphate buffer at
pH 6.5, and a fixed quantity of enzyme. The reference
cuvette contained only the substrate solution. The unit
for the enzymatic activity was defined as a change of
0.001 in the absorbance value under the conditions of
the assay.

 

Total phenolic compound

 

Each replicate of potatoes was crushed and filtered
through cheesecloth. Total phenolic content was mea-
sured using the Folin-Ciocalteau reagent (Folin & Cio-
calteau 1927; Singleton & Rossi 1965). Aliquots
(0.50 mL) of clear potato juice were diluted in 9.5 mL
distilled water, and 4 mL of a diluted Folin-Ciocalteau
reagent (1 mL plus 9 mL distilled water) was added to
1 mL of the resulting solution. In the time period
between 30 s after the addition of Folin-Ciocalteau
reagent, but before 8 min elapsed, 4 mL of sodium
carbonate solution was added. After 1 h at 30

 

∞

 

C plus
1 h at 0

 

∞

 

C, the absorbance of the solution was mea-
sured at 760 nm. Dopamine was used to obtain the
standard curve (0.5–5.0 

 

m

 

g dopamine/mL), and the
concentration of phenols was calculated directly from
that curve, because the standard and samples were
treated identically. Total phenols were expressed as

 

m

 

g dopamine/100 g of potato fresh weight.

 

Titratable acidity and pH

 

Aliquots (10 mL) of potato juice were diluted with
40 mL of distilled water and titrated with 0.1 N
NaOH, beyond pH 

 

=

 

 8.2. This potentiometric titration
was performed with a pH meter Crison, Model Micro
pH 2002 (Crison Instrument, S.A., Barcelona, Spain).
The results were calculated as a percentage of malic
acid [(ml NaOH*0.1 N/mL sample titrated)*100].

 

Table 1

 

Physical properties of packaging film

Package film of ‘Desirée’ PA/PE
Film thickness 100 

 

m

 

m
CO

 

2

 

 permeability (23

 

∞

 

C/50% RH) 145 mL/m

 

2

 

·bar·24 h
O

 

2

 

 permeability (23

 

∞

 

C/50% RH) 35 mL/m

 

2

 

·bar·24 h
H

 

2

 

O permeability (23

 

∞

 

C/50% RH) 7 g/m

 

2

 

·24 h

PA, polyamide; PE, polyethylene; RH, relative humidity.
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The pH was measured in the juice of the crushed
potato before pH determination, using a pH meter
Crison, Model Micro pH 2002 (Crison Instrument)
which had been previously standardized to pH 4 and
pH 7, and a xerolyt electrod Ingold Lot 406-MG-DXK-
57/25.

 

Soluble solids content

 

The soluble solids content of non-diluted juice from
crushed potatoes was determined at 20

 

∞

 

C (room tem-
perature) with a hand refractometer, Model Atago –
ATC1. Results were expressed in 

 

∞

 

BRIX

 

 (1∞

 

 BRIX = 1 g
soluble solid/100 g solution).

 

Reducing sugars

 

Each replicate of potatoes was crushed and filtered
through a cheesecloth. Reducing sugar was measured
using the dinitrosalicylic (DNS) reagent. First, aliquots
(1 mL) of clear potato juice were diluted in 49 mL
distilled water. About 900 

 

m

 

L of this solution was
pipetted into a test tube, followed by addition of
100 

 

m

 

L of NaOH 0.1 M and 1 mL of DNS reagent.
Then, the test tubes were placed in a boiling water bath
(120

 

∞

 

C) for 5 min, and 4 mL of distilled water was
added. The absorbance of the solution was measured
at 540 nm. Glucose was used to obtain the standard
curve (0.1–0.6 g/L), and the concentration of reducing
sugar was calculated directly from that curve, because
the standard and samples were treated identically.
Reducing sugars were expressed as g sugars/100 g of
potato fresh weight.

 

Control

 

Two controls were performed by storing vacuum-
packed potatoes at room temperature and also by stor-
ing peeled potatoes packed in perforated bags under
refrigeration (6

 

∞

 

C).

 

Results and discussion

 

Weight loss and firmness

 

‘Désirée’ potato dry weight was 22%. The weight loss
after 7 days of storage was about 3% (Fig. 1) which is
considered quite low.

This probably results from the vacuum package:
moist food did not dry out because there is no air to
absorb the moisture from the food. Nevertheless, we
noticed an unexpected decrease in weight loss for
‘Désirée’ potato at the end of the storage. This decrease
was unexpected because it occurred in the last days of

storage and it was not followed up by any change in
firmness (Fig. 2).

Many researchers have indicated that the fundamen-
tal problem in the extension of shelf life of MP fruits
and vegetables is the loss of firmness during storage and
distribution. This results from the action of endogenous
enzymes on the cell wall and growth of microorganisms
(Rocha & Morais 2001). A 25% loss of firmness of
‘Désirée’ potatoes was observed after the first day,
probably showing an increased enzymatic activity
immediately after mechanical damage caused by pro-
cessing operations. After that, firmness of ‘Desirée’
potatoes was constant during the remaining days of
storage (Fig. 2).

According to Shetty 

 

et al

 

. (1989), potato plastic
wraps that decreased weight loss also tended to main-
tain tuber firmness. Firmness relates to turgidity of the
potato and it is best maintained when water loss is
reduced. The retention of firmness during vacuum stor-
age of ‘Desirée’ potatoes must be related to the ability
of the film used to decrease moisture loss and thereby
maintain the integrity of the internal tuber tissue,
including membranes. It should be also noted that the
retention of firmness in the potatoes during the storage
period is a further indication of the absence of signifi-
cant microbial spoilage of the product (Chassery &
Gormley 1994).

 

Figure 1

 

Weight loss (%) of vacuum-packed ‘Desirée’ potato 
during storage at 6

 

∞

 

C in the dark.

0.00
0.50
1.00
1.50
2.00
2.50
3.00

0 2 4 6 8

Days of storage

W
ei

gh
t l

os
s 

(%
 in

iti
al

 w
ei

gh
t)

 

Figure 2

 

Firmness (N/m) of vacuum-packed ‘Desirée’ potato 
during storage at 6
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C in the dark.
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Colour assessment

 

Oxidative browning of the surface of MP fruits and
vegetables surface has been extensively reported. Most
of the time it has been considered the limiting factor of
shelf life of MP products (Carlin 

 

et al

 

. 1990; El-Shimi
1993; Kim 

 

et al

 

. 1993; Brecht 1995; Rocha & Morais
2001). Colour changes of vacuum-packed ‘Désirée’
potatoes were not significant. A small decrease of light-
ness (L* value) was observed (Fig. 3). There is no sig-
nificant change in a* and b* values during the storage
(Figs 4 and 5).

 

Titratable acidity and pH

 

A decrease in pH value of ‘Désirée’ potatoes was
observed, which was obviously correlated to the

increase observed in acidity (Figs 6 and 7), nevertheless
those changes were not significant. This is desirable
from the sensory point of view, because a variation in
pH value would most certainly imply a negative change
in flavour (Huxsoll & Bolin 1989).

 

Reducing sugars and soluble solids

 

The sugar content of potatoes may vary from only trace
amounts to as much as 10% of the dry weight of the
tuber (Burton 1989). Sucrose, glucose and fructose are
the main sugar compounds. Other sugars have been
detected in potatoes but only in trace amounts. Many
other plant tissues including potatoes often undergo a
phenomenon known as low temperature sweetening
after exposure to low temperatures (Coffin 

 

et al

 

. 1987).
Nevertheless, no changes were observed in the reducing
sugar content of ‘Désirée’ potatoes after 7 days of stor-
age. Small variations were noticed during storage with
an increase on the first day of storage followed by a
decrease at the third day (Fig. 8).

The initial increase might be related to the break-
down of high molecular weight compounds such as
starch and hemicelullose into low molecular weight
compounds such as simple sugars (Coseteng & Lee
1987; Shetty 

 

et al

 

. 1989). The following decrease from
days 1–3 might be the result of sugar consumption as
a substrate in metabolic processes (Ackermann 

 

et al

 

.
1992), which might have overcome the first effect. Nev-

 

Figure 3

 

L* value of vacuum-packed ‘Desirée’ potato during 
storage at 6
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C in the dark. L* indicates lightness.
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Figure 4

 

a* value of vacuum-packed ‘Desirée’ potato during 
storage at 6

 

∞

 

C in the dark. a* indicates chromaticity on a 
green to red axis.
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Figure 5

 

b* value of vacuum-packed ‘Desirée’ potato during 
storage at 6

 

∞

 

C in the dark. b* indicates chromaticity on a blue 
to yellow axis.
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Figure 6

 

pH value of vacuum-packed ‘Desirée’ potato during 
storage at 6
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C in the dark.
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Figure 7

 

Acidity of vacuum-packed ‘Desirée’ potato during 
storage at 6
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ertheless, those changes were not reflected in the solu-
ble solids content: no significant changes were observed
(Fig. 9).

 

PPO activity

 

PPO activity of ‘Désirée’ potatoes presented a small
decrease during storage time (Fig. 10). Those results
were in accordance with the colour assessment. Indeed,
we noticed a small decrease of the L* value which
should be related to the development of browning.
Heimdal 

 

et al

 

. (1995) showed that enzymatic browning
of lettuce by PPO was inhibited by moderate vacuum
packaging in 80 

 

m

 

m PE bags during about 3 weeks.

 

Phenolic content

 

The total phenolic compound of ‘Désirée’ potato was
0.6 

 

m

 

g dopamine/100 g of potato fresh weight. A small
increase of total phenolic content for ‘Désirée’ potato
was observed in the first day of storage immediately
after minimal processing operations (Fig. 11).

Buescher 

 

et al

 

. (1974) also reported that the phenolic
content of snap beans pods increased after being bro-
ken. Ke & Saltveit (1989) reported that wounding, by
cutting the leaves or puncturing the tissue of iceberg
lettuce, caused an increase of total soluble phenolic
content, but those compounds were oxidized into
brown substances in minutes by PPO. Howard & Grif-

fin (1993) reported an increase in total phenols of MP
carrot sticks and associated this with a wound-induced
increase in PAL (phenylalanine-amonia-lyase). Lattan-
zio 

 

et al

 

. (1994) found that the phenolic content of
artichoke heads was generally higher in mechanically
damaged samples than in intact ones, although they
had expected a reduction of phenolic content because
of oxidative phenomena.

 

Control

 

The vacuum-packed potatoes stored at room tempera-
ture became brown after 2 days and after 4 days they
had deteriorated to the point they were inedible.

The peeled potatoes stored under refrigeration
became brown since the first day of storage and after
4 days were completely inedible.

As can be seen, the keeping quality of vacuum-
packed potatoes is extremely high and presents a num-
ber of obvious advantages to food service operations.
This product is ‘fresh-like’ and presents high conve-
nience and speed with which meals can be prepared.
This is also very appealing to the consumer.

 

Conclusion

 

Vacuum packaging appeared to be an effective package
for protection of the quality of MP ‘Desirée’ potatoes.
The shelf life of MP potatoes may be extended to

 

Figure 8

 

Reducing sugars of vacuum-packed ‘Desirée’ pota-
toes during storage at 6
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Figure 9

 

Soluble solids of vacuum-packed ‘Desirée’ potato 
during storage at 6
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Figure 10

 

Polyphenoloxidase (PPO) activity of vacuum-
packed ‘Desirée’ potato during storage at 6
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Figure 11

 

Total phenolic compound of vacuum-packed 
‘Desirée’ potatoes during storage at 6
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1 week under refrigerated storage by using vacuum
packaging systems.

The main quality parameters are constant during the
storage. The ‘fresh-like’ quality of potatoes was effec-
tively preserved by a 100-

 

m

 

m PE/PA bag, an outer PA
layer and an inner PE layer. The PA is responsible for
mechanical strength and impermeability to O

 

2

 

 and
other gases. PE is co-extruded for its water and vapour
impermeability. PPO activity was greatly inhibited by
vacuum packaging using 100 

 

m

 

m PE bags.
Because the absence of air in vacuum packaging may

favour the growth of anaerobic pathogens, such as
Clostridium botulinum, it would be of extremely
importance to develop the microbiological evaluation.
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