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Fresh-cut Asian Vegetables — Pak Choi 
as a Model Leafy Vegetable

T.J. O’Hare*, A.J. Able†, L.S. Wong*, A. Prasad*, and R. McLauchlan*

Abstract

Pre-prepared fresh-cut salads are becoming increasingly common in the marketplace. Once dominated by
lettuce, new vegetables are now being added to increase both flavour and visual appeal. A wide range of Asian
brassicas is being sourced as constituents, but short shelf life because of yellowing is a problem to be contended
with, and pak choi is a good example of this.

Yellowing in pak choi leaves is associated with a depletion of sugars (the main energy substrate).
Increasing the initial leaf sugar level, or slowing the rate of sugar depletion, will directly increase shelf life.
Sugars tend to be highest in younger leaves growing close to the tip, and lowest in leaves towards the base of
the stem, even though the leaves may look similar in size and appearance. Removal of older leaves will
therefore increase the life of a salad. Harvesting later in the day can also increase sugar levels, a result of
photosynthesis during the day. Once harvested, leaves require sanitary washing and drying before packaging
to avoid postharvest rots. Plastic packaging is vital to prevent wilting of leaves, but may also be used to provide
an atmosphere conducive to slowing the rate of sugar depletion. Low oxygen (0.5–2% O2) and enhanced
carbon dioxide (2–10% CO2) have been found to almost double shelf life in pak choi. However, for modified-
atmosphere packaging to maintain an ideal atmosphere, stable temperature management is required, as high
temperatures may lead to anaerobiosis and carbon dioxide toxicity of leaves. Common temperatures used for
handling packaged salads range from 4° to 12°C. The above findings are for pak choi, but appear to apply also
to many other Asian leafy brassicas used in fresh-cut salads. 

ASIAN vegetables are a largely untapped resource for
use in fresh-cut salads. Pre-prepared salads, both loose
and pre-packed, are becoming increasingly common
worldwide, catering to the consumer demand for con-
venience. A wide selection of Asian leafy vegetables
can be utilised to add both visual appeal and flavour to
salads. Many of these are members of the Brassica
genus, which tend to have a common problem of leaf
yellowing during postharvest handling. 

The research literature on the practical use of Asian
leafy brassicas is sparse, with much of the work having
to be conducted from basic principles. In light of this,

our laboratory has conducted extensive trials investi-
gating the use of Asian brassicas in fresh-cut salads
(Prasad et al. 1997; Wong et al. 1997; O’Hare et al.
1998, 1999, 2000a,b; Able, Wong et al. 1999, 2000;
Able, O’Hare et al. 2000). Because of the wide range of
vegetables that can be used as salad constituents, our
studies have focused on pak choi (Brassica rapa var.
chinensis) as a model for other Asian leafy vegetables.

Effect of Physiological Leaf Age

Brassica plants grow in a rosette, with older leaves
toward the periphery and younger leaves towards the
central growing point. Harvest of leaves for fresh-cut
salads normally involves the cutting of leaves from the
base of the plant, without actually removing the plant
from the ground. This can be done either manually or
by machine, but in both cases the harvest will consist
of leaves of different physiological ages.
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In pak choi (and in many Asian brassicas) it is not
uncommon for older and younger leaves to be similar
in appearance, colour, and perhaps even size. Initially,
this is of no consequence in a salad mix, but in time the
older leaves start to yellow and become more suscep-
tible to bacterial rots. This appears to be a result of the
lower initial sugar levels in older leaves. Yellowing is
linked to the availability of energy substrates, and
since older leaves at harvest tend to have a lower initial
supply of sugars, they have a shorter shelf life, yel-
lowing significantly earlier (Figure 1). Consequently,
avoiding the inclusion of older leaves in a salad mix
increases salad shelf life. While there are several pos-
sible approaches to achieving this, it is an area in
which more research is needed. 

Moisture Loss of Leaves

One of the most obvious problems with pak choi leaves
is their propensity to wilt. This becomes exceedingly
obvious when leafy salads are dispensed into super-
market display cabinets without the benefit of plastic
packaging. Most, if not all, Asian leafy vegetables react
no differently from lettuce and other Western leafy
salad constituents, and will lose moisture quickly.

Packaged salads tend to retail at higher prices,
which may reflect the added cost in manufacture, but
they do reduce moisture loss very effectively, and are
considerably more efficient than manually misting
loose leaves, or treating leaves with an anti-transpirant
(Figure 2). 

One issue that should be emphasised is that plastic
packaging does maintain a very high relative
humidity, and hence sanitary washing before packing
is essential to avoid bacterial rots. Again, pak choi is
no different to conventional pre-prepared salad vege-
tables in this regard.

Modified Atmosphere Packaging

An additional advantage of plastic packaging is the
ability to modify the package atmosphere to extend the
life of the salad. With pak choi, yellowing can be
retarded by reducing the oxygen concentration to
approximately 0.5–2% and increasing carbon dioxide
concentration to between 2 and 15% (Figure 3). 

This reduces the rate at which sugars are used and
can almost double the shelf life of leaves. Exposure to
oxygen levels lower than 0.5% and carbon dioxide
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Figure 1. Shelf-life and initial sugar level of pak choi
leaves of differing physiological age.
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Figure 2. Retardation of moisture loss in pak choi leaves using plastic
film and anti-transpirants. Of the two alternatives, film wraps
were considerably more effective.

Postharvest Handling of Fresh Vegetables,

edited by Tim O’Hare, John Bagshaw, Wu Li, and Greg Johnson

ACIAR Proceedings 105

(printed version published in 2001)



115

levels higher than 15% for an extended length of time
should be avoided, as the former will result in anaero-
biosis and the latter will result in carbon dioxide tox-
icity, both of which will cause off-odours, and
eventually tissue breakdown. 

Conventional modified atmosphere packaging
requires strict temperature management of the han-
dling system, as increases in temperature will lead to a
change in the package atmosphere. The change can
either shift the atmosphere away from the ideal (and
shorten shelf life), or shift the atmosphere into oxygen
and carbon dioxide concentrations that are toxic to the
product. Packages are normally designed to operate
within a narrow temperature range, and are usually
marketed between 4°C and 12°C.

Conclusions

Asian leafy vegetables appear to be amenable to use as
salad constituents. They should be treated similarly to
other leafy vegetables in that they require sanitary
washing and will lose moisture if not packaged ade-
quately. Unlike lettuce, the shelf life of many Asian
brassicas is limited by leaf yellowing rather than
browning. However, atmospheres for retarding yel-
lowing are similar for that used to extend lettuce shelf life,
and hence mixing of vegetables should not be restricted.
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Figure 3. Combinations of oxygen and carbon dioxide
capable of delaying leaf yellowing in pak
choi (dark grey = no effect; light grey =
increase; chequered = toxic to leaves)
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