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Media Summary

The main industry partner in the project was OneHarvest, a major fresh food
company and supplier of fresh cut baby leaf salads. Work was done with major
growers and Applied Horticultural Research was the research provider. Funding was
provided by Horticulture Australia and OneHarvest. The focus was on improving the
quality and shelf life of processed baby leaf salads for Australian consumers.

Baby leaf salad crops such as lettuce and spinach are harvested and marketed in an
immature stage of development compared to other vegetable crops. This means
growing and handling practices which were developed for the mature selections of
these crops are no longer valid. The baby leaf category also includes some new
salad lines such as rocket, tatsoi and mizuna.

The field work was carried out across the main East coast growing regions of
Australia in east Gippsland, Vic, Camden, NSW and SE QId, with laboratory work
conducted at the AHR facilities at the University of Sydney. The results were
collected over 3 seasons and covered most aspects of agronomic production and
postharvest handling.

Key project outcomes were that spinach grown in the optimum temperature range
produced the best quality product. This can be achieved by managing planting to
match the season and by using varieties that were identified as slower growing. A
growing degree day (GDD) model was developed to assist farmers schedule their
crops for the optimum conditions and also manage a regular harvest schedule.

Another key result was that agronomic management affects the shelf life of the
product. For example; high nitrogen in the field reduced the shelf life, high density
plantings increase yield but reduced shelf life and the new multi leaf varieties had the
highest yield and longer shelf life.

Postharvest handling was also essential. The product must be vacuum cooled to 2°C
within half an hour of harvest for maximum shelf life.

Future R&D should focus on the role of baby leaf salad vegetables as a valuable
source of antioxidants, in particular agronomic factors affecting expression and
postharvest factors affecting stability of these beneficial components.



Technical Summary

Baby leaf salads are an excellent convenience food. In Australia these products are
marketed as either packaged fresh cut, minimally processed or fresh product and the
baby leaf category is growing rapidly.

The term baby leaf describes a wide range of leafy vegetables harvested when only
a few weeks old. However, this project focussed on the main components
commercially blended, packaged and sold in major supermarkets and included
lettuce (Lactuca spp.), spinach (Spinacia oleracea), wild rocket (Diplotaxis tenuifolia)
and cultivated rocket (Eruca sativa),

Baby leaf salad crops such as lettuce and spinach are harvested and marketed in an
immature stage of development compared to other vegetable crops. This means
growing and handling practices which were developed for the mature selections of
these crops are no longer valid. The baby leaf category also includes some new
salad lines such as rocket, tatsoi and mizuna.

The main industry partner was OneHarvest, a major fresh food company and
supplier of fresh cut baby leaf salads. Some of the major growers were also
collaborators, and Applied Horticultural Research was the research provider.
Funding was provided by Horticulture Australia and OneHarvest.

A key aim of the project was to attempt to understand the regional and climatic
effects on productivity and “quality”. Quality is an objective term. In this work a
treatment “failed” (storage at 2°C) in terms of quality when 50% of the individual
leaves in a replicate were rejected due to wilting, discoloration or physical damage.
We agreed that consumers have a much lower tolerance to damaged leaves and the
broader experimental tolerance was used to allow the treatment affects to be
identified. It must be noted that even small incremental improvements in quality
would have a commercial benefit.

The field work was carried out across the main East coast growing regions of
Australia in east Gippsland, Vic, Camden, NSW and SE QId, with laboratory work
conducted at the AHR facilities at the University of Sydney. The results were
collected over 3 seasons (2005 to 2008) and covered most aspects of agronomic
production and postharvest handling.

The key project outcomes were:

e A crop life of at least 30 days, from seeding to harvest produced higher
quality. This was achieved by using slower growing varieties under warmer
conditions or by only growing other varieties when the season was cool
enough for varieties to attain the 30 day minimum growth period.

e The growth rate of spinach was temperature dependant. The best quality was
achieved when the average daily maximum temperature did not exceed 23° C
and the average night temperature did not exceed 8-10°C.



e A growing degree day (GDD) model was developed with a base temperature
of 0°C and high temperature cut off of 27°C. The requirement from seeding to
harvest for slow, medium and fast growth rate spinach varieties was 443, 420
and 404 GDD respectively.

¢ In lettuce, nitrogen had a significant effect on shelf life. Concentrations of
greater that 4% in the leaves at harvest resulted in a shorter shelf life.

¢ Rapid, vacuum cooling of the product after harvest maximised shelf life.
Cooling within half an hour of harvest was best, any delay shortened the shelf
life.

¢ The stability of Vitamin C in the harvested product was dependent on storage
temperature. When held at 0°C, spinach retained 90% Vitamin C content for
7 days whereas at 4°-7°C, about 50% of the Vitamin C was lost.

e For European wild rocket, alternating higher day (24°C) and cooler night
(<10°C) temperatures partially overcame low temperature inhibition of
germination. Cultivated rocket germination was not sensitive to low soil
temperature and germinated down to 5°C.

o The highest yields of spinach were obtained at a density of 1000 plants/m? but
this reduced average leaf weight to 1g and reduced shelf life (stored at 2°C)
from 23 days at 300 plants/m” to 16 days at 900 plants/m?.

¢ Transplanted multi-leaf type lettuce were compared with more traditional;
single leaf direct seeded lettuce types and found to yield better and displayed
good quality attributes.

¢ Finally the agronomic modelling data was used to select a suitable new
growing area. This resulted in a commercial pilot-to-prove farm being set up at
Mt Gambier in South Australia and was shown to successfully produce market
quality baby leaf products including spinach.

Future R&D should focus on the role of baby leaf salad vegetables as a valuable
source of antioxidants, in particular agronomic factors affecting expression and
postharvest factors affecting stability of these beneficial components.



Executive Summary

This project was a collaboration between OneHarvest, a commercial baby leaf
manufacturer and Applied Horticultural Research. The research was carried out over
a three year period between 2006 and 2008. The field research was done on
commercial baby leaf farms that supplied product to Oneharvest. The trial sites were
spread across the eastern seaboard of Australia and included Boisdale (Maffra),
Victoria, Camden, New South Wales, Gympie, Queensland, Warwick, Queensland
and Stanthorpe, Queensland.

The overall aim of the project was to determine the optimum pre and post harvest
management of baby leaf spinach, lettuce and rocket to ensure maximum shelf life
and quality for the consumer.

The most significant finding of the project was the effect of growth rate on quality.
The results showed that for spinach to attain maximum quality, it needs to be grown
for at least 30 days from seeding to harvest (Chapter 3). This 30-32 day minimum
growth can be achieved by either selecting slow-growing varieties during warmer
periods, or by growing the crop in a climate cool enough to give at least 30 days from
seeding to harvest.

The effect of temperature on spinach growth rate was found to be a combination of
maximum day temperature and minimum night temperature. High day temperatures
can be offset to some extent by cooler nights, resulting in slower overall growth. The
most rapid growth occurs when there is a combination of high day and high night
temperatures (Chapter 3 and 16).

The crop growth rate of spinach for any given area and time of year can be predicted
by using the crop growth model developed as part of the project (Chapter 8) utilising
historical average temperature data. This model is based on accumulated growing
degree days or heat units over the growing season with a base temperature of 0°C.
The data shows that good quality spinach is grown in areas and seasons where the
accumulated heat units are between 400 and 500 from emergence to harvest
(Chapter 8).

Other agronomic factors such as variety evaluation (Chapter 13), germination
temperature tolerance (Chapter 9), plant nutrition in particular nitrogen application
(Chapter 6), spacing ( Chapter 11) and weed control (Chapter 12) were all
investigated. The overall results from these studies were that for maximum quality it
is important to chose the right variety for the right time, don’t over apply nitrogen or
plant at a too high a density and be mindful of the herbicide you use as some are
phytotoxic. Any agronomic factor that promoted rapid growth such as high density or
high nitrogen resulted in “weaker” plants that did not have maximum shelf life. The
overall message is that slow growth ensures maximum shelf life until more robust
baby leaf cultivars become available.

The postharvest research carried out in this project validated the principles of best
practice for leafy vegetables. The overall postharvest principle is that pre-harvest
factors determine potential shelf life, while post-harvest handling determines to what
extent this potential shelf life is realised.



For maintaining postharvest shelf life of baby leaf products harvested product must
be vacuum must to 0°C within half an hour of harvest to achieve the longest shelf life
and the longer vacuum cooling is delayed, the shorter the shelf life of the product.
Storage temperature is also critical with storage at 0°C maintaining both visual and
nutritional quality (Vitamin C) for a longer period than 4°C and 7°C. Unfortunately this
is not commercial practice with products often stored between 4 and 7°C. Another
principle that was validated was that it is important to pack dry product as free
moisture encourages bacterial breakdown in the package.

Finally the agronomic and postharvest bench marks developed in the project were
used to search for, select and establish a successful commercial pilot-to-prove farm
at Mt Gambier in South Australia.

This project was conducted over three years and so further work is required to
validate some of the results reported. This is particularly true for the data that is
based on temperature and seasonal climate. Many of the results reported are novel
and have not been previously reported in the scientific literature.

It is therefore recommended that more work is done to;
1. Validate the growing degree day model developed for spinach
2. Develop Growing Degree Day models for other baby leaf species

3. Validate the relationship between days to harvest and shelf life for baby leaf
spinach and this model could be extended to other baby leaf species.

4. Investigate the level of nutritional bioactive compounds in baby leaf salad
products and their stability during storage.

Some of the results from this project could be published in scientific journals such as
the germination trials, development of the growing degree model and the relationship
between preharvest factors on postharvest storage. An agronomic manual is also
being prepared which will compile the key results in a format that is useful for
growers.



1 Introduction

The overall aim of the project was to determine the agronomic factors that affected
the shelf life of baby leaf spinach, lettuce and rocket.

Several factors or hypotheses were investigated and the results are summarised in
the sections to follow. The first results section, Section 3 is an overview of the
postharvest results from a series of trials. This Section has been compiled in an
effort to give the reader an appreciation of the interacting agronomic factors that
influence the postharvest quality of baby leaf spinach. An appreciation of the
complexity of optimising spinach quality gives the reader an appreciation for the
incremental agronomic changes that have to be made to managing baby leaf
production in order to optimise yield and quality. As for many crops, the baby leaf
production system must be managed to suit the location, species and growing
season.

Other parts of the project focused on factors that affected crop yield and
management efficiency. As a result the overall recommendations from this project
relate to both consumer quality as well as yield and production efficiency for the
grower.

The overall hypothesis of the project was that;

“Baby leaf spinach and rocket grown well, which includes an appropriate variety,
grown without stress and with adequate nutrition will have the longest shelf life if the
correct postharvest handling is used”.

Researchers have proposed that a higher initial quality may help to extend the shelf
life of fresh cut products and this is the concept identified in our overall hypothesis
(Nicola et al., 2006). This overall hypothesis may seem like common sense but it
raises many questions for the relatively young baby leaf industry in Australia. This is
particularly so in light of the fact that the industry produces product over a range of
climatic zones across the country. Some of the key issues that this project aimed to
address included identifying the climatic conditions that produced good quality baby
leaf spinach and rocket; what varieties were most appropriate in what season; what
was the optimum nutrition, spacing, irrigation and crop management schedule and
what were the optimum cooling, packaging and storage conditions for baby leaf
spinach and rocket.

From a physiological perspective this project addresses many aspects of plant
growth and development. More specifically, research has shown that many pre-
harvest factors affect the postharvest quality and shelf life of fresh produce (Lee and
Kader, 2000). Reviews have reported the differences in the quality of baby leaf
salad species resulting from cultivar differences (Johnson et al., 1989); harvest
maturity (Bergquist, 2006, Lee and Kader, 2000) and climatic conditions (Lee and
Kader (2000). These reviews all illustrate the significant impact that pre-harvest
agronomic factors have on the physiology and quality of baby leaf products. This
project aimed to quantify some of those effects for baby leaf spinach and rocket
grown in Australia.
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Seasonal Temperature affects plant growth

One of the main issues for the Australian baby spinach supply chain is year round
supply. In order to achieve year round supply spinach is grown in different regions at
different times of the year. The success of this scenario depends on a crop species
or cultivars adaptability as well as yield stability across a range of geographical
regions. Adaptability and yield stability are both influenced by seasonal climate.
Adaptability refers to good performance over a wide geographic range under
conditions of variable climatic and environmental influences (Stoskopf 1981) and
stability of yield is defined as the ability of a genotype to avoid substantial
fluctuations in yield over a range of environmental conditions (Heinrich et al. 1983).

In both case adaptability and yield stability relate to the relationship between
photosynthesis and respiration of the plant. Within limits, the rate of photosynthesis
and respiration both rise with increasing temperatures. As temperatures reach the
upper growing limits for the crop, the rate of food used by respiration may exceed the
rate at which food is manufactured by photosynthesis (Whiting et al. 2004) and at
this point plant growth rates slow.

At very high temperatures cytological changes within the cell also occur and these
include coagulation of the protoplasm, cytolysis, nuclear changes and altered
mitosis, inhibition of protoplasmic streaming, increased protoplasmic viscosity, and
loss of membrane semi permeability (Steponkus 1981). The temperature can
therefore affect the plant on a cellular level disrupting normal metabolic functions, in
turn causing stress to the plant. The physical and economic effect of this extreme
exposure will result in a reduction of yield and hence profit.

For spinach the point at which optimum growth is obtained is between 15-18°C,
therefore if temperatures exceed this range then the growth rate will decline but not
cease unless temperature falls below the base temperature 2.2°C or exceeds the
upper most limit of growth which is 36°C for spinach (Heidorn 2003). One of the
aims of this project was to identify which varieties of spinach and rocket were best
suited to different growing conditions in an effort to ensure yield stability in a region
for as long as possible.

Crop Scheduling

Another important seasonal impact is the days from seedling emergence until
harvest; this is commonly referred to as crop scheduling. For the spinach industry to
maintain a continual supply to consumers there must be a reliable harvest volume.
Therefore another aim of this project was to establish a crop scheduling model for
baby leaf spinach.

Research has developed crop scheduling models for many field grown vegetables.
These models are all based on accumulated heat units and some examples of crops
where harvest models have been developed include peas, beans and sweet corn
(Kafz,1952). The success of these heat unit models for these vegetables is the fact
that optimum harvest can be measured objectively, using the maturometer index for
peas and the percentage moisture of sweet corn kernels for freezing or canning
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corn. The difficulty for predicting the optimum harvest date for other vegetables is
that there is not an objective measure of quality.

Work has been done to develop maturity indices for other field grown fresh market
vegetables; asparagus, broccoli, brussels sprouts, cabbage, cauliflower and lettuce
over the last two decades but there has been varying degrees of commercial
adoption (Everaarts, 1999). Work done by Tan et al (2000) with export fresh market
broccoli on the Eastern Darling Downs found the best prediction of harvest maturity
was the time from emergence to 50% harvest using 0°C as the base temperature
and 20°C as the optimum temperature.

Heat unit models are simplest if a clear harvest point can be determined. For baby
leaf salad crops the criteria is usually leaf length (100 mm). Machado et al. (2004)
states that the simplest method for predicting harvest date is based on the daily
maximum temperature alone and this is as accurate as all the more complex
methods in predicting the harvest date. Growing degree units are defined as the
number of temperature degrees above a certain threshold base temperature, at
which below no plant growth will result. The base temperature for spinach has
already been established to be 2.2°C (Heidorn 2003). The result of which is that any
temperature experienced above this base temperature will contribute to the growth of
the plant and therefore bring the plant closer to harvest. One of the aims of this
project was to develop a heat unit accumulation model for baby leaf spinach which
was applicable across a range of growing regions in Australia. Such a model would
help growers schedule their crops to ensure a reliable supply of product for
processing.

Plant Varieties

Selecting the best variety for the growing conditions is also a very important decision
for all growers. The baby leaf industry is relatively new as has been mentioned
earlier and this means that there are few varieties that have been bred specifically
for baby leaf production. For baby leaf spinach in particular traditional bunching
spinach varieties have been planted at high densities and harvested at an earlier
stage. There is however, one variety of spinach which has been bred for baby leaf
production and the varieties commercial name is Crocodile (Rijk Zwaan Seeds). For
lettuce more varieties are available for baby leaf production and these include many
of the specialty head lettuce varieties such as red and green coral.

Spinach varieties have also been classified into one of three seasonal types; warm,
transitional or cool, based on yield and days to harvest (Rijk Zwaan Seeds pers.
Comm.). In this work a range of varieties of spinach, rocket and lettuce were trialled
in different seasonal periods to determine which varieties should be planted when for
optimum yield and quality.

Seasonal temperature affects leaf structure
Seasonal conditions have been shown to affect crop yield but what are the
physiological factors that weather regulates that impact on the postharvest quality of

baby leaf spinach and rocket? Research has shown that the structure of leaves
changes in response to day length and temperature. For example research by van
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Oorschot, (1960) focused on day length. This research found that spinach plants
grown under long-day conditions (LD, 14 hours) had an increased total leaf area
compared to plants grown with short days (SD, 7 hours). It was proposed that a long
day-length promoted meristematic activity at the shoot apex, whilst a short day-
length reduced the meristematic activity, leading to progressively smaller leaves with
fewer cells and less dry weight (Adams & Langton, 2005). A similar response was
reported in sugar beet, (Milford & Lenton, 1976) where a LD treatment reduced the
leaf lamina thickness by 20% while increasing the leaf area by 92%.

Often a reduction in leaf thickness is seen as an increase in specific leaf area (SLA)
(Milford & Lenton, 1976). The findings of Milford & Lenton (1976) suggest that long
day grown plants increased leaf area, but only by reducing leaf thickness. The shelf
life of baby leaf spinach has been reported to be correlated with both increased leaf
thickness and leaf area (Zhang et al., 2007). But what are the impacts of these
changes in leaf dimensions on postharvest shelf life and quality?

Growing temperature is also known to affect plant physiology and structure. For
example Boese & Huner (1990) reported that leaves grown at 5°C had a leaf area
that was three times and dry weights that were five times greater than spinach
leaves grown at 16°C. Boese & Huner (1990) also found that plants grown at 5°C
increased leaf thickness twofold over spinach plants grown at 16°C. The difference
in leaf thickness was 567 um and 290 um, respectively.

This increase in leaf thickness was attributed to a 30-40% increase in the mean
lengths of both the palisade and the spongy mesophyll cells of the leaf. In addition,
the thicker leaves were found to have more layers of palisade cells. The lower
temperature treatment had two to three layers compared to one or two layers for the
higher temperature treatment.

Other researchers have investigated the impact of leaf structure on shelf life but a
different way to those previously discussed. Research by Clarkson et al (2003) and
Pontinen et al (1992) have shown that mechanical stress applied to the plant through
a brush, passing over the leaf during growth, strengthens the leaves by giving
smaller leaves of lower weight and smaller epidermal cell size and this in turn
increased the shelf life of the baby leaf products. This work indicates that leaf shape
and structure does play a role in determining the shelf life of leafy products.

One of the hypotheses we investigated was that thicker leaves would be more robust
and more able to resist physical damage and dehydration during postharvest
handling than thinner leaves and that the thicker leaves would in turn have a longer
shelf life.

Nitrogen fertiliser levels affects yield and quality

Another important preharvest factor in terms of baby leaf quality is plant nutrition.
Plant nutrients represent only a tiny fraction of plant biomass but fulfil multiple roles
as either catalytic or structural components of plant cells (Atwell et al 1999). Nutrient
acquisition by the plant is a demanding process in terms of energy and carbon.
Carbohydrates produced from photosynthesis provide the energy for the active
uptake of nitrogen and other nutrients, across concentration gradients (Epstein and
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Bloom 2005). If nutrients are limiting then growth of the plant is compromised as
more energy is used to acquire nutrients and in turn limiting growth. Our hypothesis
was that inappropriate management of nutrition compromises baby leaf yield and
quality.

Our work focused particularly on nitrogen uptake as this is the major determinant of
leaf growth and leaf area and in terms of crop yield (Bacon 1995). There was also
anecdotal evidence to suggest that baby leaf crops grown with high levels of applied
nitrogen have a shorter shelf life. This project aimed to do a preliminary investigation
into the relationship between nitrogen application rate and shelf life to clarify this
issue for growers.

Germination, planting method and planting density

For vegetable growers there is often an important decision to make about whether a
crop is direct seeded or transplanted. For many easy to germinate crops growers
find that direct seeding is a cost effective method of plant establishment. Baby leaf
rocket and spinach are commonly planted this way. For direct seeded crops seed
germination is a critical step and it is widely acknowledged that multiple variables are
important during the germination of seeds. Such things as the availability of
moisture, seed depth, air and soil temperature, and seed desiccation (Akanda et al.,
1996; Blackshaw, 1990, 1992; Blackshaw and Brandt, 2002; Horak and Sweat,
1994; Horak and Wax, 1991; Ray et al., 2005) all affect the germination rate. The
ideal germination temperature has not been established for some of the new baby
leaf varieties. This project work aimed to establish the temperature range for the
germination of several rocket species. This work would demonstrate the importance
of understanding the requirements of a specific species in order to optimise plant
establishment if direct seeding was used.

For other crops such a lettuce transplanting is often the method used to establish the
crop. Transplanting is a relative new practice in the vegetable industry. It was
introduced in the USA about 30 years ago but took off around the world about 10
years ago. Many crops are transplanted. Examples include celery, seedless
watermelon, bell peppers and fresh-market tomatoes, cauliflower, cabbage and more
commonly lettuce. The driver for using transplants is often the cost of hybrid seed.
When seed is expensive the risk of loss is reduced if germination is managed under
controlled conditions in a glasshouse. Transplanting also shortens the season and
provides uniformity (Katz, 2002).

Transplanting has higher initial expenses associated with greenhouse growing and
placing the plugs into the field, there are significant savings in seed cost, weeding
costs, fewer irrigations, and more likelihood of uniform plant populations and even
stands. The relative benefit of transplanting versus direct seeding needed to be
established for some of the baby leaf salad lines in Australia.

Another important aspect in relation to crop establishment is the planting density.
Marketable yield per unit area has been shown to increase at a curve linear rate for
most crops (Duthie et al., 1999; Cushman et al, 2004). The decreases at the high
density plantings are the result of intraspecific competition. For all crops there is an
optimum plant density where yield and quality are maximized. Maximum yield does
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not mean maximum quality (Cushman et al., 2004) and the optimum density for
many baby leaf species had not been established. It may be that the driver for
growers is maximum yield as they are paid per kilogram weight but this may be at
the expensive of quality and shelf life for the consumer. This work aimed to establish
the relationship between planting density and quality for baby leaf spinach.

Harvest time

Another area where an incremental improvement in product quality might have been
achieved was thought to be the time of day for harvest. Recent research had shown
that harvesting baby leaf products in the afternoon extended the shelf life of these
products by 2 to 6 days (Forney and Austin, 1988; Clarkson et al, 2005). The
hypothesis for this was that there was a greater level of accumulated carbohydrate at
the end of the day compared to the beginning of the day which would provide the
product with more stored energy for metabolism during postharvest handling.

The difficulty with this hypothesis was that there are interactions between
temperature, respiration rate and stored carbohydrate. This project did a small trial to
determine if harvesting later in the day would extend the shelf life of baby leaf
spinach.

Postharvest handling

Postharvest handling is a key part of the supply chain for any product but for baby
leaf salads it is a limitation. Currently, the shelf life is around 5-7 days, whereas
supermarkets require at least 10 days shelf life (Soliva-Fortuny & Martin-Belloso,
2003; Watada et al., 1996). Consumers expect and demand consistent ‘quality’ and
supply. This means that the shelf life of baby leaf spinach and rocket needs to
exceed the minimum required distribution time from producer to the consumer, while
allowing a reasonable period for home storage and use (Shewfelt, 1986).

The short shelf life of baby leaf spinach is the result of the rapid deterioration of the
leaf components following tissue damage caused during processing, washing and
cutting, as well as from microbial growth (Martin-Diana et al., 2007). The shelf life of
baby leaf spinach is has also been shown to be directly related to the visual quality,
where shelf life is a measure of how long produce can stay at or above a
predetermined level of quality under specified storage conditions (Shewfelt, 1986;
Bergquist et al., 2006).

Clarifying the terminology “quality” and “shelf life” is important. These words are used
subjectively for consumers and consumers have a varying sense of what is an
acceptable quality and shelf life that is often based on past experience. For most
consumers baby leaf salads are unacceptable when there are any visual signs of
leaves with damage (Oneharvest pers. Comm.).

Most of the field work for this project had a postharvest shelf life assessment so that
we could determine which agronomic management factors impacted on shelf life and
quality. This project also aimed to demonstrate the benefits of vacuum cooling for
the baby leaf industry a technology that has been adopted overseas but the cost
benefit has not been demonstrated in Australia.
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Another postharvest aspect that was investigated was the change in Vitamin C
content of baby leaf spinach over time at different storage temperatures. Research
has shown that storage temperature and cultivar all impact on the level of Vitamin C
in baby leaf spinach (Favell 1998; Kidmose et al., 2001; Pandjatan et al., 2005). This
project carried out a preliminary study looking at Vitamin C changes for the cultivars
currently grown in Australia and how the level of Vitamin C changes with time in
storage. This nutrient content was seen as another aspect of product quality
especially when consumers are becoming more knowledgeable about the health
benefits of eating fresh fruit and vegetables.

In summary, the literature showed, pre-harvest factors significantly affected spinach
growth and leaf structure. It was therefore likely that these same factors would
impact on the shelf life of the product. This project aimed to determine the relative
importance of cultivar, seasonal growing conditions, agronomic management and
postharvest handling on the shelf life of baby leaf spinach. In so doing, it was
intended that the project would provide vital new information on the growing and
handling of baby leaf lines including spinach, rocket and lettuce in Australian growing
areas, helping to provide a sound scientific basis on which the industry could build
and grow.
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2 Materials and Methods

In general, the field work was carried out by AHR staff, with assistance from
OneHarvest staff. Shelf life and quality assessments were done in OneHarvest
factories (Brisbane and Bairnsdale) under the supervision of Dr Jobling.

The broad agronomic methods used for establishing and conducting trials as well as
sampling, and assessing treatments across all trials are outlined here. However,
more specific experimental design and location specific details for each trial are
provided in each section.

2.1 Varieties

For the spinach trials the following varieties were used unless otherwise described in
the individual Chapters.

Spinach Spinacia oleracea L. is the baby leaf salad vegetable and Crocodile, Parrot
and Roadrunner are the commercial variety names. The characteristics of each
variety are described below. RZ refers to Rijk Zwaan the Dutch based international
vegetable seed company from where the seeds were sourced.

PARROT RZ is a new early variety with round, dark green, glossy leaves. The plant
very is erect and vigorous. Parrot RZ is suited for machine harvesting. The variety is
best suited for late autumn, winter and early spring harvest in cooler areas and

winter harvest in warmer areas. This variety is suitable for baby leaf production only.

CROCODILE RZ is a dark green variety which is slow growing and suits the warm
season summer period. It is very resistant to leaf burn during hot summer periods.

ROADRUNNER RZ has dark green thick leaves and this variety is best for shoulder
period harvesting in the spring and autumn. It has an upright growth habit
Reference:‘Lettuce and outdoor vegetable crops’ Rijk Zwaan Australia seed
catalogue 2008-09 season

Figure 2.1 Photographs of Parrot (left), Crocodile (centre) and Road Runner (right)
baby leaf spinach varieties
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Lettuce Lactuca sativa (milk sap). All lettuce cultivars such as Cos, Leaf, Butterhead
and Iceberg are regarded as being variants of Lactuca sativa. Lettuce has been
transformed from an erect plant with bitter leaves to various cultivars including ones
with distinctive heads of chlorophyll deficient leaves.

The trials in this report used red and green coral lettuce as well as Salanova lettuce
which are the basis of many mesculan salad mixes.

Figure 2.2 Photographs of green coral (left), red coral (centre) and salanova (right)
lettuce types.

Rocket. Two baby leaf rocket species were used; Diplotaxis tenuifolia (wild rocket)
and Eruca sativa (cultivated rocket).

Wild rocket (Diplotaxis tenuifolia) is a species of the mustard family and is native to
Europe and western Asia. The foliage is aromatic when crushed and is now sold
commercially as wild rocket but in many countries it is a wild plant or weed.

Cultivated rocket (Eruca sativa) It is a species of the Eruca family and is native to
the Mediterranean region. It is an annual plant growing from 20 — 100 cm tall.

i

Figure 2.3 Photographs of wild rocket (left) and cultivated rocket (right).

2.2 Geographic regions of trials

The trials were done in several growing regions across Australia and the trials were
done on collaborating growers farms. The geographic locations included.

1. Boisdale (Maffra), Victoria 37° 58'South 146° 59'East and 27 metres, about
228km east of Melbourne in Victoria.

2. Camden, New South Wales 34° 3’ South 150° 41’ East and 70 metres is
near the Nepean River 62 km and is south-west of Sydney South East
Queensland

3. Gympie, Queensland 26° 11’ South 152° 40’ East and 67 metres, about 180
km north of Brisbane
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4. Warwick, Queensland 28° 12’ South 152° 6’ East and 475 metres, about
180 km south west Brisbane

5. Stanthorpe, Queensland 28° 39’ South 151° 56’ East and 792 metres and is
260 km south west of Brisbane

2.3 Optimum growing and storage requirements for baby leaf
salads

Growing conditions

The optimum growing conditions for the baby leaf salad vegetables studied are
summarised below. In many cases in the summer these crops cannot be grown
under ideal conditions.

Spinach
Germination (°C) Growth (°C)
Min 2 5
Optimum 7-24 15-18
range (14-24 for maximum
quality)
Max 30 ** 32
Notes:

1. Soil temperature above 30°C limits germination
2. The range 14 - 24°C is best for growth and maximum leaf quality

3. If night temperatures > 15°C this reduces yield through higher plant respiration.

European wild rocket

Germination (°C) Growth (°C)
Min 10 ** 5-8
Optimum 20-30 16-24
range
Max 35 30-32
Notes:

1. 10 °C minimum soil temperature for germination is a major limitation when direct seeding
2. In ltaly germination in greenhouses is controlled at 20 - 22°C

Lettuce

Germination (°C) Growth (°C)
Min 22 7
Optimum 18-21 12-21
range
Max 27 ** 24
Notes:

1. high temperature dormancy above 27°C is a limitation
2. germination at 0°C = 49 days, and at 5°C = 15 days (see optimum range)

** = limiting factors
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Postharvest handling of baby leaf salad products

Baby leaf products have higher rates of respiration than mature products of the same
species. Young plants are actively growing and so use more energy in the active
growth processes of cell division and cell expansion. This means that harvested
baby leaf products use up stored carbohydrate much faster than mature plants.

Young plants are also more susceptible to bruising and physical damage as the
leaves are not fully developed and so are not as robust as mature plants.

These baby leaf characteristics mean that a lot of damage can be done during
harvesting, postharvest handling and processing. As a result a lot of care must be
taken of these products if the optimum shelf life is to be achieved.

Ideally baby leaf salads should be stored as close to 0°C as possible for maximum
shelf life. They need to be packaged in permeable plastic bags to prevent
desiccation and physical damage resulting from washing and packaging should be
minimised. There are both “wash-me, eat-me” types and “washed” types. The “wash-
me, eat-me” types have a longer shelf life due to a lower level of physical damage
but there is a higher microbiological risk for these products. The commercial reality is
that the shelf life of these products is often compromised as they are usually stored
between 4 and 7°C.

Key Factors for Maintaining Baby Leaf Product Quality*

1. Use the best quality raw product. Agronomic practices including crop nutrition,
variety and season all affect product quality and shelf life.

2. Cool raw product before transport to factory particularly if field heat is high
and transport distances or delays are long. Vacuum cooling is best for leafy
vegetables.

3. Keep the product as close to 0°C as commercially possible. Leafy salad
vegetables will freeze if exposed to temperatures of -0.15°C. Check
temperature fluctuations around the set point of cool rooms and trucks to be
sure the product is never exposed to damaging temperatures.

4. Any break in the cool chain or exposure of the product to temperatures above
1 — 2°C will significantly reduce the shelf life of the product.

5. Use strict sanitation procedures. Most processors have a zero tolerance to
microbial contamination. This means irrigation water, sheds, bins and knives
must always be clean.

6. Don’t underestimate the damage that processing can cause. The difference in

shelf life between a “Wash me, Eat me” product and a washed product is
usually the result of damage done during washing, drying and packaging.
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7. Dry to remove excess water. Forced-air tunnels over the conveyor line are
better for delicate products.

8. Package with an appropriate atmosphere. If a modified atmosphere package
is to be used then it is essential that the cool chain is unbroken. Increases in
temperature increase the respiration rate of the product and as a result can
deplete the oxygen level inside a bag causing off flavours and aromas to
develop.

*Adapted from Cantwell and Suslow, 2002
Microbial Aspects

Minimally processed products favour microbial growth more than whole unprocessed
products. This is because the cut surfaces of processed products provide the
nutrients and conditions that favour microbial growth. The extra handling of these
products also means that there is greater opportunity for exposure to human
pathogens such as E.coli, Listeria and Salmonella spp.

Another issue for fresh cut products is that they are consumed raw and so there is
no critical kill step for the pathogens. As a result contamination is reduced by
ensuring Good Agricultural Practice (GAP) is adopted in the field and Hazard
Analysis and critical Control Point (HACCP) principles are used in the factory.
Microbial growth is generally controlled with good sanitation and low temperature
storage.

Optimising Postharvest Quality of Fresh Cut Baby Leaf Salads

e Pre-cool within half an hour of harvest, vacuum cooling is best.

e Ensure there is a reliable cool chain — use data loggers to check

e Store product at low temperature as close to 0°C as commercially possible
without freezing

e Only pack undamaged leaves

¢ Minimise physical damage and bruising during harvesting, packaging and
processing

e Minimise free moisture in the bags

e Select the best product from the field — best variety for the time of year

Reference

Cantwell M.I. and Suslow, T.V. (2002) Chapter 36. Postharvest handling systems:
resh-cut fruit and vegetables. Kader A.A. Editor. Postharvest Technology of
Horticultural Crops, University of California Agriculture and Natural Resources
Publication 3311. USA.
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2.4 Seeding procedure

All spinach and rocket trials were direct seeded and seed was sown using
commercial equipment (eg. Seed Spider®) available on farms where trials were
located. The procedure for all trials was to seed with the same seed batch number
for varieties to reduce germination and seed size variation between trials. Some
lettuce was direct seeded and some raised as seedlings and transplanted. The
transplants were sourced from Withcott seedling, Queensland and the seedlings are
commercially produced and are between 4 and 6 weeks old at the time of transplant
depending on the season.

The differences in seeding density are explained in each section. The seeding
method chosen was the commercially used method for baby leaf producers.

2.5 Irrigation and crop protection

Cooperating growers provided basic maintenance activities by incorporating the trial
area into activities required by the adjacent or surrounding baby leaf crop. Irrigation
was typically provided by solid-set or overhead sprinklers. Fungicides, insecticides
and herbicides were applied with a tractor mounted boom-spray using either flat-fan
or hollow-cone jets as was commercial best practice.

2.6 Sampling method for field trials

In all trials a metal quadrant 33cm x 33cm (= 0.1 m?) was used to take samples. In
many direct seeded trials the numbers of plants per quadrant were not the same as
direct seedling small seeded rocket and spinach is very difficult. As a result the area
of the quadrant was the consistent unit. In all trials the number of plants per quadrant
was counted and used as a cofactor in the statistical analysis to remove that source
of variability. One quadrant was equal to one replicate and the details of the
replication used for each trial are explained in detail in each Chapter. This method of
sampling was used in all field trials for all species in all regions. The sampling
method was different for the glasshouse and growth cabinet trials and the sampling
method in those cases is described in that Chapter.

In most cases sub-plot sampling of individual treatments within respective blocks
were taken randomly along the bed, excluding the first and last metre of treatment
blocks to eliminate possible irregularities experienced with seeding. Sub-plot
samples taken within individual treatments at respective sites improved the accuracy
of treatment trial data obtained. The metal quadrant 33cm x 33cm (= 0.1 m?) was
thrown randomly within a given treatment block; the area of baby leaf inside the
quadrant was harvested by cutting all the above ground vegetative biomass with a
pair of scissors and all the agronomic variables were measured on this sample.
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2.7 Sampling method for growth cabinet trials.

Spinach plants were harvested when the fifth leaf reached commercial size
(~100mm). Each tray was hand harvested by cutting all the above ground vegetative
biomass using a scalpel. The number of plants and leaves counted and recorded.
Any leaves under 2 cm long, including the plant meristem and cotyledons, were
placed aside and counted as ‘other’ biomass. From each tray, 5 young and 5 old
leaves were then randomly sampled and assessed for leaf thickness and chlorophyll
content.

The leaves were then divided into two subgroups, one tested for leaf area, fresh
weight and dry weight, and the other subgroup used for measuring the shelf life. The
shelf life subgroup leaves were trimmed to commercial size (~100mm) and
immediately placed in a refrigerator at 4°C inside perforated plastic bags. In most
cases the samples were collected using a mixture of both young and old leaves
unless otherwise stated.

The fresh weight of the leaves was weighed on a Mettler Toledo PB3002- S Top-
load Balance. The leaves were measured for their cumulative leaf area using a
‘LiCor’ Model 3100 area meter. The leaves were placed in labelled brown paper
bags in a drying cabinet at 70°C for at least 72 hours or until constant weight (Cook
et al., 2002), after which the dry weights of both leaves and ‘other’ biomass were
measured and recorded.

Reference

Cock WRS, do Amaral AT, Bressan-Smith RE (2002) Biometrical analysis of
phosphorus use efficiency in lettuce cultivars adapted to high temperatures.
Euphytica 126(3): 299-308

2.8 Method for measuring leaf thickness

Leaf thickness was measured directly using a ‘Pocket thickness gauge’ size 0-9mm,
made by Mitutoyo Corporation. The gauge is normally used for measuring the
thickness of paper, leather, wire, plastic, sheet metal and similar materials in
microns. Leaves were measured between the leaf midrib and veins in the centre of
the leaf lamina.

2.9 Method for measuring chlorophyll content

Leaf chlorophyll content was measured using a Konica Minolta SPAD-502
chlorophyll meter, a handheld meter that measures chlorophyll content by measuring
the absorbance of a leaf in the red and near-infrared regions. The meter uses these
two transmittances to calculate a numerical value that is proportional to the amount
of chlorophyll present in the leaf. The leaves were measured between the leaf midrib
and veins in the centre of the leaf lamina.
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2.10 Method for determining shelf life

The leaves were harvested in the field and sub samples of 30 leaves were placed in
perforated plastic bags in an iced esky and then transported as quickly as possible to
the University of Sydney for allocation into storage trials.

From each replicate/block in the field trial, 30 leaves were selected and placed in
labelled perforated polyethylene resealable bags and stored at 4°C unless otherwise
stated. To eliminate subjectivity from the scoring, a pictorial reference was used to
illustrate leaves to be discarded. The discarded or ‘failed’ leaves were those that
were desiccated, broken-down or unattractive/yellow. Each day any leaves
determined to have ‘failed’ were discarded and the date and number of failed leaves
noted. The shelf life was determined by the number of days until 50% of leaves in
each bag ‘failed’.

This meant that we could assess the quality of individual leaves and use a “days to
fail” measure for shelf life. Shelf life was the number of days from harvest until the
treatment replicate had half the leaves deemed to have “failed”. When half the
leaves “fail” is well passed the commercial specification for consumers but it allowed
the treatment effects to be clearly demonstrated.

w?';-ﬁ'—j

|
Fail Fail

v

Pass

A

Figure 2.1. The scale reference used to determine the quality of the leaves.

In the OneHarvest factory samples are taken for each run and each of those bags
are assessed daily for visual quality; crispiness; odour; taste; damage; consistency;
and, freshness. For each category a number between 1 and 5 is assigned where 5
indicates excellent quality and 1 signifies an unacceptable level of quality. When a
bag is given a score for any category less than 3 the bag fails.
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3 Overview of the agronomic factors that affected
postharvest shelf life of spinach

3.1 Introduction — Postharvest overview

It is a well know adage that postharvest handling can maintain quality but it cannot
improve it (Wills et al., 1998). This has meant that more research is focussing on
how preharvest factors affect postharvest quality. It is assumed that high quality at
harvest will provide an inherently longer shelf life for fresh produce (Nicola et al.,
2006).

This project had an overall aim to understand how agronomic factors affected the
postharvest shelf life of processed baby leaf salads. The results presented are for
baby leaf spinach which was used a case study. This chapter summarises some of
those factors. In particular the hypotheses tested included that;

1. The time of year of planting affects the shelf life of spinach

2. That seasonal temperatures affect the shelf life of spinach

3. That growing or storage conditions that promote high rates of respiration
reduce the shelf life of baby leaf spinach

4. That different varieties of spinach suit different growing conditions

3.1.1 Postharvest overview - Materials and Methods

The results reported in this section are drawn from the Crop Scheduling experiments
reported in Chapter 8 of this report. A more details description of the methods is
reported in that Chapter. This work is a good overview of the interacting agronomic
factors that impact on the shelf life of bay leaf spinach.

The sites used for this work included Boisdale in East Gippsland (Victoria)
representative of cool temperate environment (cool in the winter and warm in the
summer) and Camden, (NSW) south of Sydney in Hawkesbury/Nepean basin
representative of a warm season temperate environment. The commercial grpwers
where the trial were run were Edgar Grech (Grech Farms) at Camden and Bill Taylor
(Taylor Farms) at Boisdale. Al trials were planted at a density of 760 plants/m? using
a specialised baby leaf seeder (Seed Spider®, New Zealand).

The varieties planted were Crocodile (Rijk Zwaan), Roadrunner (Rijk Zwaan and
Parrot (Rijk Zwaan) which are the current commercial varieties.

Samples of the three varieties were planted every month over a 12 month period in
the 2 locations over 2006 and 2007, 11 plants in Camden, NSW and 12 plantings in
Boisdale, Vic. This meant that samples were collected that represented all seasonal
windows. The postharvest shelf life assessment was carried out on each sample at
the University of Sydney as reported in Chapter 2 Materials ands Methods.

28



3.1.2 Postharvest overview - Results and Discussion

The effects of pre-harvest factors on the shelf life of baby leaf spinach.

A large amount of data was collected from the crop scheduling trial and so in the first
instance correlation matrices were compiled to give a preliminary indication of the
relationships between the parameters measured in the field with the shelf life of the
harvested product stored at 2°C.

Table 3.1 shows that the factor with the highest linear correlation with shelf life was
the days to harvest of the crop (R?= 0.64). This relationship illustrates the
importance of a crop scheduling model for predicting harvest date and the need to
determine how many growing days are required to give adequate shelf life for
spinach.

There was also a weak correlation between shelf life and the thickness of the old and
young leaves but subsequent analysis showed that this relationship was not
statistically significant (P>0.05). The hypothesis that spinach harvested with thicker
leaves was rejected for these trials. Although it would be interesting to look at this
relationship in more detail in future work as more field replicates for shelf life would
improve the strength of the statistical analysis and the trend our data indicates has
previously been reported by Zhang et al (2007).

Dry Days to Fresh Thickness | Shelf life
Weight | harvest | weight per of old
plant leaves

Days to harvest 0.24
Fresh weight per 0.57 2024
plant ' '
I'I'hlckness of old 0.19 0.54 0.05
eaves
Thickness of young 0.4
leaves '

Table 3.1: Correlation matrix comparing leaf growth and thickness with shelf life at 2°C.

The results indicate that seasonal growing temperature does have an impact on the
postharvest shelf life.

The correlation matrix shown in Table 3.2 looks at the data in more detail with the
traits of individual cultivars reported. This is important as the three cultivars have
specific growth characteristics which are discussed in more detail in Chapter 8. The
important differences between the cultivars are that: Crocodile is a slow growing
variety that is most suited to warm summer conditions; Parrot is a fast growing
variety and is suited to cooler winter conditions; and Road Runner, a transitional
variety that has a growth rate somewhere between that of the slow growing
Crocodile and fast growing Parrot.
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In this correlation matrix the pairs that have numbers closest to 1 have a linear
correlation. If the number is positive it means that as one goes up so does the other
and if the number is negative then as one goes up the other goes down. Table 3.2
shows that the main characteristics associated with shelf life for these varieties of
spinach were the days to harvest, the average minimum and the average maximum
temperature during the growing season. These results indicate that seasonal
growing temperature does have an impact postharvest shelf life.
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Crocodile
shelf life

Days to
harvest
Crocodile

Days to
harvest
Parrot

Days to
harvest
Road

Runner

Ave
max
temp

Ave
min
temp

Parrot
shelf
life
(days)

Ave
plant
weight
(9)

Road
Runner
Shelf life
(days)

Ave shelf
life for 3
varieties

Days to harvest
Crocodile

Days to harvest Parrot

0.51

0.96

Days to harvest Road
Runner

0.47

Ave max temp

Ave min temp

Parrot shelf life (days)

0.98

Ave plant weight (g)

0.98

Road Runner Shelf life
(days)

Ave shelf life for 3
varieties

Total rainfall during
growth (mm)

0.81

0.09

-0.32

Table 3.2: Correlation matrix comparing the shelf life at 2°C of baby leaf spinach varieties and pre-harvest parameters.
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Shelf life and growing temperature

The strongest correlation (Table 3.2) with shelf life for the cultivar Crocodile was with
the average minimum temperature during the growing season (R2 =-0.56), for the
cultivar Parrot the strongest correlation with shelf life was also average minimum
temperature during the growing season (R2 = -0.79) although the correlation with
days to harvest was also strong (R? = 0.78). For the cultivar Road Runner the
strongest correlation with shelf life was with days to harvest (R? = 0.70). This data
shows that there is a difference between the cultivars. However the over arching
message is that seasonal temperatures affect shelf life. When the data for all three
cultivars was combined the strongest linear correlation with shelf life was with the
average minimum temperature during the growing season.

When the data is presented as linear regression (Figure 3.1) the negative
relationship between the average minimum temperature during the growing season
and the shelf life of baby leaf spinach is clearly seen. This data shows that as the
seasonal average minimum temperature increases, the shelf life of the spinach is
reduced. This results supports the work of Boese & Huner (1990) who found that
cooler growing conditions improved postharvest spinach quality. It is likely that the
lower average minimum temperature is due to the lower night temperatures. During
cooler nights the respiration rate of the leaves will be lower than if the night
temperatures are warm and this means that there will be a greater accumulation of
stored carbohydrate which can be used for growth (Cantwell and Suslow, 2002;
Ueda et al., 1998). More carbohydrate means that the plant can grow well, without
stress from limited metabolic energy reserves. Our hypothesis was that a plant
grown well without stress would have a longer shelf life and this data supports that
hypothesis.
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Figure 3.1. Shelf life at 2°C of baby leaf spinach (three varieties combined) with the average
minimum temperature during the growing season.
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The data also showed that there was an important correlation between shelf life and
the days to harvest (Table 3.2). When the data for the three cultivars was combined
the regression analysis showed a significant (P<0.05) asymptotic relationship (Figure
3.2). The longest shelf life was achieved when spinach took more than 32 days from
sowing to harvest and the shelf life was reduced by about half a day for every day
reduction in growth rate below 32 days. Similar results have been reported
previously for spinach by Boese & Huner (1990).
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Figure 3.2. Shelf life at 2°C of baby leaf spinach (three varieties combined) with the days to
harvest.

These two regression relationships show that spinach grown outside of its’ climatic
optimum does not have the same shelf life as when it is grown under optimum
conditions. It will be important for growers across Australia to be mindful that hot
weather during the growing season reduces the shelf life of baby leaf spinach.
However it may be possible to reduce the impact of the seasonal weather by using a
more heat tolerant variety. Crocodile for example, is the first heat tolerant cultivar
bred especially for the baby leaf salad market but even Crocodile will have an
optimum temperature range in terms of shelf life.

When the cultivars are looked at individually different relationships between shelf life
and days to harvest become apparent as can be seen in Figure 3.3, Figure 3.4 and
Figure 3.5. For the cultivar Parrot, which is a fast growing winter cultivar, there was a
significant relationship between days to harvest and shelf life (Figure 3.3). This
shows that seasonal weather conditions had a significant impact on the growth of
this cultivar.

33



30

25 1

20 9

Y y =-0.0487x? + 3.7384x - 48.673
R2=0.70*

15 20 25 30 35 40 45
Days to harvest

Figure 3.3. Shelf life at 2°C of the baby leaf spinach cultivar Parrot and the days to harvest.

A similar significant relationship was also apparent for the transitional variety, Road
Runner where the shelf life was longer when there were more days between
germination and harvest. The mathematical regression equations for Parrot and
Road Runner are very similar and this shows that these 2 varieties behave in a
similar way in response to the number of days from germination to harvest.
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Figure 3.4. Shelf life at 2°C of the baby leaf spinach cultivar Road Runner and the days to
harvest.

However, it is interesting to note that the relationship between days to harvest and
shelf life was not significant for the cultivar Crocodile (Figure 3.5). Crocodile is an
inherently slow growing cultivar bred to maintain a slow growth rate even under
warm conditions. As a result the impacts of seasonal climate on the shelf life of this
cultivar appeared to be less marked than for the cultivars Parrot and Road Runner.
This result means that Crocodile can grow well over a wider temperature range than
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the other cultivars. For Crocodile it seems some other parameter is affecting shelf
life more than the seasonal growing temperature.
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Figure 3.5. Shelf life at 2°C of the baby leaf spinach cultivar Crocodile and the days to harvest.

The change in shelf life of the three cultivars over the harvest season for 2006/07 at
Camden is shown in Figure 3.6. Crocodile had a more consistent shelf life each
month than the cultivars Parrot and Road Runner. The warm weather over the
summer in December to February had a much greater impact on the shelf life of
Road Runner and Parrot than it had on Crocodile. This data helps to explain why
there was not a significant correlation between days to harvest and shelf life for
Crocodile but there was for Road Runner and Parrot.
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Figure 3.6. Shelf life at 2°C of three baby leaf spinach cultivars the month of harvest at
Camden, New South Wales.
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The impact of seasonal weather conditions is seen more clearly if the data for the
cultivar Road Runner is looked at on its own (Figure 3.7). Figure 3.7 shows the
changes in fresh weight per plant and the differences in shelf life over the 8 plantings
harvested from September 2006 until May 2007 at Camden, NSW. The data shows
how the fresh weight or growth of the plants changed quite dramatically over the
different planting dates and also that the shelf life for Road Runner was not the same
for each harvest. The shelf life was longest when the crop was grown and harvested
in the cooler months September, October and May but the plant fresh weight was
greatest for plants harvested in the warmer months of November and December.
The plants harvested in November and December would have been growing in the
optimum weather conditions (day temperature 15 - 18°C).
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Figure 3.7 Fresh weight, shelf life at 2°C and harvest date of the baby leaf cultivar, Road
Runner at Camden 2006/07.
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It is important to comment on the shelf life of the product harvested in March shown
in Figure 3.7. Planting 10, harvested in March 2007, experienced 132mm of rainfall
during the first 3 days after planting and this may have reduced the shelf life of the
harvested product. Some possible explanations could be that the shorter shelf life is
the result of poor establishment as see in the photographs below the Figure or
because the base nitrogen application was leached from the soil.

The photographs below the figure show the difference in establishment of the
plantings harvested in February, March and May with the March planting not being
as dense or as well established as the plantings in February and May. This is seen
by the fact that the plant stand is not as dense with soil being able to be seen at the
edge of the bed, whereas in the other photographs the bed is densely covered with
foliage. The impact of poor establishment on the shelf life of spinach was reported by
Johnston et al. (1989) who showed that “high rainfall during the growing season
reduced storage potential by 40%”. This is another example of how significantly the
pre-harvest seasonal conditions affect the postharvest shelf life of baby leaf spinach.

3.1.3 Postharvest overview - Conclusion

The results from the postharvest assessment of the crop scheduling trial show that
the relationship between preharvest growing conditions and the postharvest shelf life
of baby leaf spinach is complex.

Our results showed that seasonal weather during growth does impact on the
postharvest shelf life of spinach. The shelf life was shorter when the average
minimum and maximum temperature was high. More work is needed to establish
what the temperature limits are but our results suggest that there is a linear
relationship between shelf life and the minimum average temperature within the
range of 6 to 18°C. Spinach grown when the minimum temperature was lower had a
shelf life of about 26 days at 2°C compared to spinach grown with a minimum
temperature of 18°C which had a shelf life of only 12 days. Growers must consider
the idea that there is a seasonal window for the production of baby leaf spinach
which has a long shelf life. As with other crops such as lettuce it is the transition
times from one district to another when problems arise as this is when night and day
temperatures begin to increase.

Another important result is that that was a strong correlation between the shelf life of
spinach and the days from germination to harvest. Spinach that had a growing time
of more than 32 days had a longer shelf life that spinach grown for a shorter time.
The shelf life for a crop grown for more than 32 days was about 22 days whereas the
shelf life of spinach grown for less than that time decreased in a linear way with
decreasing growing time. For example, spinach that grew for 20 days before
reaching marketable size had a shelf life of only 10 days compared to a 22 day shelf
life for spinach that took 32 days to reach marketable size. This result again
highlights the fact that there is a seasonal window for the production of spinach that
as a long shelf life. However it is important to note that the impact of days to harvest
on shelf life was greater for the faster growing cultivars Road Runner and Parrot but
was not significant for Crocodile when the varieties were analysed separately. This
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result suggests that selection and breeding are important when spinach is grown in
warmer conditions.

Our original hypothesis was that seasonal weather influences the leaf morphology
and this would be a factor in determining the shelf life of spinach. The hypothesis
was that baby spinach with thicker leaves would be more robust than spinach with
thinner leaves and therefore more able to withstand the damage resulting from
processing. The results from the postharvest assessment of the crop scheduling trial
showed that leaf thickness was not significantly correlated with shelf life. There was
quite a lot of variability between the replicates used in these trials and this may have
contributed to the insignificant results and so we believe that the relationship
between shelf life and plant morphology warrants further investigation.

And finally some anecdotal evidence resulting from the comparison of plantings over
the year suggested that rain at planting had a negative impact on shelf life of baby
leaf spinach. This had has also been reported in the literature (Johnston et al.,1989).
The reason for this result is not clear and so the impact of rain requires further
investigation.

These results show that baby leaf spinach has a seasonal window where the
maximum shelf life can be achieved. Growing baby leaf spinach when the weather
conditions are favourable will have a positive effect on ensuring a long shelf life for
the consumer.

3.1.4 Postharvest Overview - References
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3.2 Detailed study: Effect of growing temperature on the shelf
life of baby leaf spinach under controlled conditions.

3.2.1 Introduction

In an effort to extend the postharvest shelf life of baby leaf salads a lot of research
has focussed on improving cold chain logistics, modified atmosphere packaging,
washing and cleaning. However, other researchers such as Weston & Barth, (1997)
insist that pre-harvest factors have a profound influence on the post-harvest quality
and nutritive value of vegetables. This concept has been confirmed for processed
lettuce (Zhang et al., 2007; Newman et al., 2005). The postharvest aspect of the
crop scheduling work discussed previously (Chapter 3.1) indicated that growing
conditions did impact the shelf life of baby leaf spinach. The following study aimed to
verify the impact of growing temperature on shelf life by growing spinach in growth
cabinets where the day length as well as the night and day temperatures could be
accurately controlled.

3.2.2 Materials and Methods

Two commonly grown commercial baby leaf spinach (Spinacia oleracea L.) varieties
Crocodile and Parrot from Rijk Zwaan Pty. Ltd., were grown under two different
temperature regimes:

1. 21°C day & 12°C night (Low or “Optimal”) and
2. 27°C day & 18°C night (High)

A total of four trials were conducted under controlled conditions in a Thermoline
Plant Growth Cabinet in the John Woolley building at the Sydney University,
Camperdown campus. The growth cabinet, specifically designed for growing plants,
contained five 1000W metal halide bulbs as well as eight 60W incandescent bulbs
with an output of 764 umol/m?/s PAR.

The diurnal cycle was set to 16 hours of light (day) followed by 8 hours of dark
(night). The plants were watered and fertilised to ensure these factors did not limit
plant growth. The plants were monitored daily and watered accordingly. The plants
were fertilised with a water-soluble fertiliser; Hortico Aquasol® (N.P.K. 23:4:18) at a
rate typically recommended for vegetables (1.6g/L) fortnightly.

3.2.3 Statistical analysis

The trial data was analysed using Microsoft® Excel and Genstat®, using a two-way
Analysis of Variance (ANOVA) and Non-linear (asymptotic curve fitted) regression
analysis, where temperature, variety and blocks were factors. The parameters
analysed included; shelf life, leaf thickness (young and old leaves), leaf chlorophyll
content (young and old leaves), leaf area, leaf weight, and dry weight. The detail for
how these measurements were taken is outlined in Chapter 2 Materials and
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Methods. Differences were considered to be significant P < 0.05 and when the
difference between means was greater than the LSD value.

3.2.4 Results

The arrangement of the plants within the growth cabinet is illustrated in Figure 3. The
leaves of Parrot and Crocodile were glossy and dark green. The leaves of Parrot
appeared slightly larger in leaf area, although were not significantly different to
Crocodile (LSD=2.483). The leaves of Crocodile were slightly cupped at the edges,
where the leaf margins are folded under the abaxial side of the leaf (Figure 3. and
Figure 3.9).

Figure 3.8. Image of the baby leaf spinach plants growing at 21°C day/12°C night (low), where
the variety is denoted by P (Parrot) and C (Crocodile).

Figure 3.8. Image of the baby leaf spinach plants growing at 27°C day/18°C night (high), where
the variety is denoted by P (Parrot) and C (Crocodile).
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In Figure 3.8, the spinach plants grown at 27°C day/18°C night (high) were stunted.
The leaves of both Crocodile and Parrot showed signs of chlorosis at the leaf tips.
The leaves were not fully expanded, and had short petioles causing the leaves to
remain in a vertical position. A visual comparison of Figure 3.7 and Figure 3.8
showed an altered leaf phyllotaxy, where, spinach grown at 21°C day/12°C night had
horizontally positioned leaves opposed to spinach grown at 27°C day/18°C night that
had short and vertically positioned leaves.
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Figure 3.9. Comparison of individual Crocodile baby leaf spinach plants grown at 21°C
day/12°C night (left) and 27°C day/18°C night (right) respectively. Image taken on grid, where
each grid square is equal to 1cm.

Figure 3.8 and Figure 3.9 also illustrate the cupping of the ‘Crocodile’ leaves and the
chlorosis at the leaf tips in spinach grown under the high temperature environment.
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Figure 3.10. Comparison of individual Parrot baby leaf spinach plants grown at 21°C day/12°C
night (left) and 27°C day/18°C night (right) respectively. Images taken on grid, where each grid
square is equal to 1cm.

Figure 3.10 shows the difference in leaf size between the two temperature
treatments. Parrot, like Crocodile when grown at high temperature, showed signs of
chlorosis at the leaf tips. Figure 3.8 and Figure 3.10 both show the leaf stunting and
chlorosis at the leaf tips. Both varieties grown under the high temperature treatment
produced a greater number of leaves per plant and these leaves were significantly
smaller than the leaves of plants grown under the ‘low’ temperature treatment
(Figure 3.15).
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Figure 3.11. Shelf life of two varieties of baby spinach, grown at two different temperatures and
stored at 4°C (P=0.041, LSD=6.197). Means followed by a different letter are significantly
different.

In these experiments the “old” leaves or fully expanded leaves were separated from
the young leaves as anecdotal evidence suggested that the young leaves are the
ones that “fail” the shelf life test first. Figure 3.11 shows that temperature significantly
affected the shelf life of the old leaves of Crocodile. The ‘old’ Crocodile leaves grown
at 21°C day/ 12°C night had a 43% longer shelf life than leaves grown at 27°C day/
18°C night. There was no significant difference between the shelf life of ‘young’
Crocodile leaves when grown at either 21°C day/ 12°C night or 27°C day/ 18°C
night. Growing temperature had no significant affect on the shelf life of the leaves of
the variety Parrot.

Figure 3.12. Leaf thickness and shelf life for old leaves of baby leaf spinach (P=0.019, fitted
curve is shelf life= 15.22+0.00051¢% t"kness) p_squared = 37.4).
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As seen above in

Figure 3.12, Leaf thickness was significantly correlated to the shelf life of baby leaf
spinach leaves, where, thicker leaves had a significantly longer shelf life, particularly
when the thickness was greater than 0.9 mm.
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Figure 3.13. Chlorophyll content of two varieties of baby spinach grown at two different
temperatures (P=0.003, LSD=5.61).

Figure 3.11 shows that the chlorophyll content of the baby spinach leaves was
significantly affected by temperature. The data shows that the chlorophyll content of
the leaves of both varieties, Parrot and Crocodile was significantly lower in leaves
grown at high temperature (27°C day/18°C night) than leaves grown at low
temperature (21°C day/12°C night). There was no significant difference in chlorophyll
content between varieties.
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Figure 3.14. Chlorophyll content and shelf life for old leaves of baby leaf spinach (P=0.029).
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As seen in Figure 3.14, a significant correlation was found between chlorophyll
content and the shelf life of baby leaf spinach, where, higher chlorophyll content
resulted in a significantly longer shelf life. This supports the finding that plants grown
under high temperature conditions had a shorter shelf life.
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Figure 3.15. Leaf area of two varieties of baby spinach grown at two different temperatures
(P<0.001, LSD=2.483)

Figure 3.15 shows that the leaf area in both varieties of spinach, Parrot and
Crocodile were significantly smaller (P<0.001) for leaves grown at high temperature
(27°C day/18°C night) compared to leaves grown at low temperature (21°C day/12°C
night). There was no significant difference in leaf area between the varieties.
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Figure 3.16. Fresh leaf weight of two varieties of baby spinach grown at two different
temperatures (P<0.001, LSD= 0.266).

Figure 3.16 shows that the fresh leaf weight of baby spinach leaves was also
significantly affected by temperature (P<0.001). The leaf weight of both Parrot and
Crocodile was significantly lower in leaves grown at high temperature (27°C
day/18°C night) compared to leaves grown at low temperature (21°C day/12°C
night). No significant difference in leaf weight was observed between the varieties.

3.2.5 Discussion

The experiment investigated the relationship between growing temperature and the
shelf life of two commonly grown baby leaf spinach varieties under controlled
conditions. Temperature is widely acknowledged to dramatically affect the growth
and development of plants (Lefsrud et al., 2005). The aim was to determine how
growing temperature affected baby leaf spinach growth and morphology and whether
any of these morphological changes were correlated with postharvest shelf life.

The results of the experiment showed that growing temperature did significantly
affect the shelf life of the spinach variety Crocodile not the variety Parrot.

The physical factors that were affected by temperature for the variety Crocodile were
the shelf life response of the fully expanded “old” leaves, with leaves grown at 21°C
day/12°C night having a 43% longer shelf life than leaves grown at 27°C day/18°C
night (23 days and 16 days, respectively). The shelf life of the ‘young’ Crocodile
leaves were not significantly impacted by shelf life, both had a shelf life of about 14
days. The leaves which had the longest shelf life were the older leaves grown in a
cooler environment. This result supports that found in the scheduling experiments
where spinach that was grown under cooler optimum conditions over a longer time
frame had the longest shelf life.

The reason for this is still not clear however, growing temperature did significantly
change the leaf area, leaf thickness, leaf weight and leaf chlorophyll content. Baby
spinach leaves that had thicker leaves, higher chlorophyll content, a larger leaf area
and greater leaf weight were positive attributes correlated with a longer shelf life (
Figure 3.12 and Figure 3.14, respectively).

The increased leaf thickness, larger leaf area and greater leaf weight of baby
spinach leaves could improve the shelf life due to larger amounts of stored
carbohydrate. Plants grown at higher temperatures may be under a growth stress
which impacts on the robustness of the leaves. This is because leaves grown under
conditions with warm nights use up more carbohydrate during the warm nights than
leaves grown under conditions with cooler nights, leaving less energy available for
growth (Rokka et al. 2000). Our hypothesis is that stress during growth impacts
negatively on the final shelf life of the product (Madakadze & Kwaramba, 2004).

Many studies have shown the significant effect of temperature on plant growth, leaf
anatomy and morphology. Yamori et al. (2005) found that spinach plants grown at
30°C day/20°C night took six weeks for the seventh leaves to fully expand, while at
15°C day/10°C night the same stage of growth took about 2.5 times longer to
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achieve (sixteen weeks). This result highlights the significant effect temperature has
on plant growth, with high temperature promoting faster growth rates.

The results from this experiment supported the work of Yamori et al. (2005), as
plants grown at 27°C day/18°C night produced many more leaves than the plants
grown at 21°C day/12°C night (Figure 3.9 and Figure 3.10). Wolfe (1990) also
reported that the rate of leaf initiation generally decreased with decreasing
temperature.

In terms of leaf size Boese & Huner, (1990) found that leaves grown at 5°C had a
final leaf area that was three times larger than spinach leaves grown at 16°C. Boese
& Huner, (1990) also found that the leaves grown at 5°C were thicker and had a
greater dry weight than spinach plants grown at 16°C. They reported leaf
thicknesses of 567 um and 290 um, respectively. This increase in leaf thickness was
attributed to a 30-40% increase in the mean lengths of both the palisade and the
spongy mesophyll cells of the leaf. The difference in leaf thickness may be because
Boese & Huner (1990) used a different spinach variety called Savoy that may have a
different leaf morphology to the flat leaf cultivars of spinach used in this trial. Wolfe
(1990) also grew spinach in growth chambers to compare warm (28°C/18°C
day/night) and cooler (18°C/12°C day/night) temperature regimes. Wolfe (1990) also
observed thicker leaves in spinach plants grown at the cooler temperature
(18°C/12°C). This data suggests that growing temperature does have a direct impact
on the growth and morphology of spinach leaves.

For many plants, different varieties are better suited to different periods of seasonal
production. Rijk Zwaan Pty Ltd, the seed supplier for these experiments, currently
recommends Parrot to be grown during the cooler autumn/spring and cold winter
periods as plant development is much faster than the variety Crocodile at this time.
In this experiment Parrot did not have significantly larger leaves than Crocodile
(Figure 3.15), although, a varietal trend appeared where Parrot produced larger
leaves (10.04cm?) than Crocodile (7.62cm?) at both temperatures (Figure 3.15). This
trend in larger leaf area is attributed to Parrot’s fast growth habit, which makes it an
ideal transition, or winter baby leaf variety as it grows quickly in cooler conditions.
The growth habit was also considerably different between varieties as Crocodile
grows very flat and close to the soil surface while Parrot leaves are more erect.

During this experiment, it must be noted that the leaves harvested from the high
temperature climate did not reach a commercially acceptable size and quality. When
the days from planting (DAP) for both trials were equal, the leaves of the high
temperature plants were too small and it was decided to give the plants another few
days to expand. The leaves from the warm temperature regime never reached a
marketable size and so the shelf life data must be interpreted with caution. This
result highlights the relationship between high temperature tolerance and plant
growth stress (Finch-Savage 1995). This is an important result for growers and
processors as good quality baby leaf spinach with a long shelf life can only be
sourced from regions with cooler growing temperatures.

Leaf development and morphology are fundamentally influenced by cell division, cell
expansion and cell wall structure (Cosgrove et al., 2005). The cell wall is a thin,
strong fibrillar network of cellulose microfibrils embedded in a hydrated matrix of
complex polysaccharides and structural proteins (Cosgrove, 2005), and it provides
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plant cells with mechanical strength and rigidity, while also protecting them from
pathogenic attack and desiccation (Cosgrove, 2001).The cell wall loosens and
reassembles (Cosgrove, 1993), and cells expand primarily due to increased turgor
generated by increased internal osmotic pressure through water uptake (Zhang et
al., 2007).

Recent studies have reported that cell expansion is highly responsive to
environmental conditions (Zhang et al., 2007). Therefore, in this experiment it is
hypothesized that growing temperature affected the rates of cell division and
expansion within the baby leaf spinach. In the past, leaf growth has been seen to
have two distinct and separate phases, with a cell division phase followed by a cell
expansion phase (Saurer & Possingham, 1970). Both of these phases are regulated
by temperature and so any disruption to these two fundamental processes will
impact on the final leaf shape and structure.

Clarkson et al. (2003) and Zhang et al. (2007) suggested that the manipulation of
leaf size and cell wall properties could significantly improve the shelf life of baby
salad leaves. These researchers found shelf life of baby salad leaves could be
significantly correlated with leaf size, leaf thickness, leaf weight, and leaf chlorophyll
content. Plants with greater size, weight, chlorophyll content and leaf thickness had
a longer shelf life. These characteristics are seen in plants grown under optimum
temperature conditions. In these experiments baby leaf spinach leaves grown at high
temperature compromised leaf morphology and in turn shelf life.

3.2.6 Conclusion

Growing temperature had a significant affect on the shelf life of baby leaf spinach.
Leaf morphological characteristics such as increased leaf thickness, leaf area, leaf
weight and chlorophyll content were positively correlated with increased shelf life of
baby leaf spinach. The spinach variety Crocodile when grown at 21°C day/12°C
night had a 43% longer shelf life, than leaves grown at 27°C day/18°C night due to
having thicker, larger and heavier leaves with more chlorophyill.

Processors need to select produce from cool climate regions to obtain produce with
a longer shelf life. In the future it may be possible to select new cultivars of baby leaf
spinach based on leaf morphology. It would be helpful for the Australian industry if
there was a new variety that was more heat tolerant than the ones currently
available.
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4 The effect of the time of the day of harvest on shelf life

4.1 Introduction

Recent research has shown that harvesting baby leaf lettuce, roquette, arugula and
lollo rosso lettuce in the afternoon can extend the shelf life of these products by 2 to
6 days (Forney and Austin, 1988; Clarkson et al, 2005). The research showed that
the leaves of afternoon harvested crops had higher concentrations of sucrose, due to
accumulation throughout the day via photosynthesis. As respiration uses up stored
metabolites, leaves with a high sugar concentration at harvest had an increased
shelf life but the extent depended on the species (Forney & Austin, 1988).

Baby spinach leaves have very high rates of respiration (Allende et al., 2004). Baby
leaves in fact have a much higher respiration rate than mature full size leaves at any
temperature (Cantwell et al., 1998). This experiment aimed to investigate if the shelf
life of baby leaf spinach could be extended by harvesting them later in the day.

4.2 Materials and Methods

The experiments were conducted at the University of Sydney in a glasshouse with a
day temperature of 21°C days and a night temperature of 12°C. The day length was
set at a 16 hr day / 8 hr night. The plants were watered and fertilised to ensure that
plant growth was not limited. The plants were monitored daily and watered
accordingly. The plants were fertilised fortnightly with a water-soluble fertiliser;
Hortico Aquasol™ (N.P.K. 23:4:18) at the rate recommended for vegetables (1.6g/L).

The trial was set up as a completely randomised design with 6 replicates per
treatment. Each replicate consisted of a seedling tray sown at a rate of
approximately 50 plants per tray which related to a commercial planting density.
The plants were harvested when the fifth leaf reached commercial size (~100mm).
Each tray was hand harvested using scissors, and all the above ground vegetative
biomass was harvested.

Shelf life assessment

From each treatment replicate 30 leaves were selected and placed in labelled
perforated polyethylene resealable bags and placed in controlled temperature
cabinet set at 4°C and measured as described in Chapter 2.

Total carbohydrate content

The analysis was done using a Thermostable a-amylaze enzyme (Megazyme Total
Starch Kit) Modified as reported in Hattey et al., (1994).
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Each sample of leaves was finely milled in liquid nitrogen using a mortar and pestle.
Then, 2-3 g of the finely milled sample was placed in two chilled and labelled 100 mL
glass tubes. The exact weight of the samples was recorded and 0.2 g of insoluble
polyvinylpyrolidine (PVP) added to each tube in order to eliminate any phenol
interaction. After that, 1 mL of absolute ethanol was added to ‘wet’ the samples,
followed by the addition of 17 mL of nanopure H,O. The test tubes was mixed using
a vortex and then placed in a boiling water bath for 10 min. The samples were mixed
again and to one of the tubes 4 mL of a-amylase was added, with 4 mL of MOPS
buffer added to the other tube to act as the blank. The two test tubes were then
incubated at 80°C for 30 min in a thermostat controlled water bath. The tubes were
mixed again after removal from the water bath, and allowed to cool.

After both tubes were allowed to cool, 5 mL of sodium acetate buffer was added to
both tubes and mixed. To the same tube that received the a-amylase, 0.1 mL of
amyloglucosidase (6100 units/mL) was added, 0.1mL of sodium acetate buffer was
then added to the blank. Both tubes were mixed and then incubated at 50°C for 30
min. After removal from the water bath both tubes were centrifuged at 3000 rpm for
10 mins, then 0.1 mL aliquots of the samples were transferred into labelled duplicate
10 mL disposable glass test tubes (total of 4 tubes per sample). Two blanks using
0.1 mL of nanopure H,O were also set up, including three glucose controls using 0.1
mL of glucose standard solution (1 mg/mL). To each tube 3 mL of the GOPOD
reagent was added and mixed, these tubes were then incubated at 50°C for 20min.
The absorbance at 510 nm of the tubes was recorded, with the glucose control read
against the reagent blank. Total starch was then calculated.

4.3 Results and Discussion

Our results show that there was a significant difference in the quality of the spinach
leaves harvested at different times during the day with the leaves harvested in the
morning having better quality (Figure 4.1) and a longer shelf life (Figure 4.2).

It seems that the effect of harvesting at different times during the day is species
specific and baby leaf spinach may not respond as dramatically as lettuce and
roquette for example (Clarkson et al., 2005). Other research has shown species
differences. For example, the postharvest quality of lettuce cultivars was affected by
the time of harvest but the response varied between cultivars or “types” with the
butterhead lettuce quality being highest when harvested at 6 pm at the end of the
day and the Latin type of lettuce having better quality when harvested at 6 am in the
morning (Moccia et al., 1998). The authors suggest that there is an interaction
between genotype and the environment. Our results support this finding, although
more research is needed.
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Effect of harvest time on baby leaf spinach quality
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Figure 4.1. The effect of harvest time during the day on the quality of baby leaf spinach leaves
stored at 4°C. This data shows the significant main effect of harvest time, means followed by
different letters are significantly different (P = 0.05).
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Figure 4.2. Effect of harvest time during the day on the shelf life of baby leaf spinach stored at
4°C. (Least significant difference = 3.25, P = 0.05).
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Starch content of baby leaf spinach leaves harvested at different times
during the day
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Figure 4.3. Starch content of baby leaf spinach leaves harvested at different times during the
day. Means followed by different letters are significantly different (P= 0.05).

We also did a comparison between the starch content of the three main varieties of
spinach and found that there was no significant difference between the cultivars
(Figure 4.4).
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Figure 4.4. Difference in starch content of three cultivars of baby leaf spinach (P = 0.05).

Clarkson et al. (2005) propose that the differences in sugar metabolism between
species may modulate the potential shelf life extension. In our research we
measured total starch and not the individual sugars in the leaves. Our data shows a
correlation between higher starch levels at 6 am and a longer shelf life but there was
no significant difference between the starch content at 6 am and the content at 6 pm
and so it is not clear from this data whether starch content is the main reason for the
extension of the shelf life of baby leaf spinach (Figure 4.3).
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It is important to note the results reported by Moccia et al (1998) where for both
types of lettuce midday was the worst harvest time in terms of shelf life (Moccia et
al., 1998). That trend was also in our data although not statistically significant and
more work is needed to determine the best and worst time of day for harvesting baby
leaf spinach. More research is also needed to understand the sugar metabolism of
baby leaf spinach.

This preliminary investigation suggests that starch accumulation is not a major
determinant of shelf life for baby leaf spinach.
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5 The effect of variety and storage temperature on the
Vitamin C content of baby leaf spinach

5.1 Introduction

Vitamin C (ascorbic acid) is an important vitamin for human health. It is an
antioxidant that participates in scavenging reactive oxygen species generated from
metabolic activity in cells. Fruit and vegetables are the major sources of Vitamin C in
the human diet.

Vitamin C is the most labile or unstable antioxidant in plants and it is prone to loss
during storage and processing (Kalt 2005). Vitamin C is also highly water-soluble
and is sensitive to heat, which makes it very sensitive to breakdown during cooking.
From this point of view young spinach leaves consumed fresh have higher levels of
Vitamin C than cooked spinach products (Gil et. al. 1999). This is one reason why
baby leaf spinach is so popular for health conscious consumers.

In another study, Favell (1998) compared the Vitamin C content of fresh spinach
stored at different temperatures. The results showed that spinach stored at ambient
temperature (20°C) lost Vitamin C very rapidly with only 10 % remaining after 3 days.
In comparison fresh spinach stored at 3-4°C had 20 % of the initial Vitamin C
remaining after 7 days and this fell to zero after 14 days (Favell 1998).

Another factor that needs to be considered when assessing the Vitamin C content of
baby leaf spinach is the cultivar as research has shown that plant genotype has an
important influence on the concentration of total antioxidants, including Vitamin C in
spinach leaves (Kidmose et al., 2001; Pandjatan et al., 2005).

This previous research shows that the selection of the cultivar and the postharvest
handling of spinach are important considerations for managing the Vitamin C content
of baby leaf spinach. Our work aimed to investigate the difference in Vitamin C
content of three commonly grown baby leaf spinach varieties and the effect of
storage temperature on the retention of Vitamin C in fresh baby leaf spinach leaves.

5.2 Materials and Methods

The experiments were conducted at the University of Sydney in a glasshouse with a
day temperature of 21°C days and a 12°C night temperature. The day length was
set at a 16 hr day / 8 hr night. The plants were watered and fertilised to ensure that
plant growth was not limited. The plants were monitored daily and watered
accordingly. The plants were fertilised fortnightly with a water-soluble fertiliser;
Hortico Aquasol™ (N.P.K. 23:4:18) at the rate recommended for vegetables (1.6g/L).
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The trial was set up as a completely randomised design with 6 replicates per
treatment. Each replicate consisted of a seedling tray sown at a rate of
approximately 50 plants per tray which related to a commercial planting density.

The plants were harvested when the fifth leaf reached commercial size (~100mm).
Each tray was hand harvested using scissors, and all the above ground vegetative
biomass was harvested.

Shelf life

From each treatment replicate 30 leaves were selected and placed in labelled
perforated polyethylene resealable bags and placed in controlled temperature
cabinets set at 0, 4 and 7°C. The shelf life was determined based on the criteria
describes in Chapter 2.

Vitamin C content

Vitamin C content was analysed using an HPLC system based on the method
described by Carnevale (1980). A synopsis of the method is to take an accurately
weighed portion of leaves (10-30 g) which was homogenised with an equal weight of
stabilising solution (25 % w/v metaphosphoric acid) and then centrifuged. 1mL of
supernatant was diluted with 4 mL water, syringe filtered through 0.45 ym filter and
injected into the HPLC or was frozen at — 80°C for analysis at a later time.

The HPLC analyses was performed using a C18 reverse phase column together with
a guard column with a flow rate 1 mL/min detecting at 245 nm on a UV detector as a
single peak eluting at around 4.2 minutes.

5.3 Results and Discussion

Baby leaf spinach has a high respiration rate, and it is about five times higher at
10°C than at 0°C (Bergquist et al., 2006). Ko et al., (1996) found respiration rates of
spinach to be about 2 times greater at 5°C than at 0°C. This high rate of respiration
is likely to contribute to the rapid depletion of Vitamin C at higher temperatures as
the concentration of Vitamin C is directly linked to metabolic activity. At higher rates
of metabolic activity Vitamin C is oxidised or “used up” more quickly.

Figure 5.1 and 5.3 shows that there were significant losses of Vitamin C in baby leaf
spinach stored for 7 days at 4 and 7°C compared to leaves stored at 0°C. This data
emphasises the importance of storing baby leaf spinach as close to 0°C as possible
to maximise product quality.
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Changes in Vitamin C of baby leaf spinach stored at different
temperatures
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Figure 5.1. Vitamin C content of baby leaf spinach, 0-6 days after harvest, stored in different
temperatures (P = 0.05).

Percentage loss of Vitamin C in baby leaf spinach leaves
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Figure 5.2. % Vitamin C loss of baby leaf spinach stored for 14 days at 3 different
temperatures.

58



Figure 5.4 shows there was also a significant difference in the rate of Vitamin C loss
between the two varieties Crocodile and Parrot with Crocodile maintaining a higher
Vitamin C content than Parrot at both 0 and 7°C. Crocodile is a slow growing cultivar
and the respiration rate of this variety may be lower and hence the rate of Vitamin C
loss is also lower. More work is needed to quantify the differences in postharvest
respiration rate of the two varieties.

Figure 5.5 shows the Vitamin C content of three varieties, Crocodile, Parrot and
Road Runner at harvest and the results show that there was no significant difference
between the varieties. There was quite a high variability between samples so
although the mean values are lower for Parrot and Road Runner the difference is not
significant. This means that the difference in Vitamin C retention between the
varieties is likely to be the result of different rates of metabolism rather than being
due to Crocodile having a higher initial concentration. More work is needed to repeat
these experiments to clarify these findings.

Changes in Vitamin C content of two varieties of baby leaf spinach
stored at either 0 or 7°C
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Figure 5.3. Vitamin C content of two varieties of spinach, 0-15 days after harvest, stored at
different temperatures (P = 0.05).
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Vitamin C content of three baby spinach varieties at harvest
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Figure 5.4. Vitamin C content at harvest of three varieties of baby leaf spinach (P = 0.05).

5.4 Conclusion

The results show that storage temperature and variety affect the postharvest rate of
retention of Vitamin C in baby leaf spinach. It is very important to store baby leaf
spinach as close to 0°C as possible if the maximum amount of Vitamin C is to be
maintained during postharvest handling.

More research is needed to clarify the differences in Vitamin C retention for different
varieties and to investigate the possibility that the rate of respiration of different
varieties may be an indicator of the potential postharvest Vitamin C loss.

5.5 References

Carnevale J (1980). Determination of ascorbic, sorbic and benzoic acids in citrus
juices by high performance liquid chromatography. Food Technol. Aust. 32: 302-305.

Bergquist, S.M., Gertsson, U.E. and Olsson, M.E. (2006). Influence of growth stage
and postharvest storage on ascorbic acid and carotenoid content and visual quality
of baby spinach (Spinacia oleracea L.). Journal of the Science of Food and
Agriculture 86, 346-355.

Ko, N.P., Watada, A.E., Schlimme, D.V. and Bouwkamp, J.C. (1996). Storage of

spinach under low oxygen atmosphere above the extinction point. Journal of Food
Science 61, 398-401

60



Kalt W (2005) Effects of production and processing factors on major fruit and
vegetable antiosidants. Journal of food Science. Vol. 70, Nr. 1: R11-R19.

Gill MI, Ferreres F and Tomas-Barberan FA (1999) Effect of post harvest storage
and processing on the antioxidant constituents flavonoids and vitamin C of fresh cut
spinach. Journal of Agriculture and Food Chemistry 47: 2213-2217.

Favell, D.J. (1998). A comparison of the Vitamin C content of fresh and frozen
vegetables. Food Chemistry 62(1): 59 — 64.

Kidmose U, Knuthsen P, Edelenbos M, Justesen U and Hegelund E (2001)
Carotenoids and flavonoids in organically grown spinach (Spinacia oleracia L)
genotypes after deep frozen storage. Journal of Agriculture and Food Chemistry 81:
918-923.

Pandjaitan N, Haward LR, Morelock T, Gil Ml (2005) Antioxidant capacity and-
phenolic content of spinach as affected by genetics and maturation. Journal of
Agriculture and Food Chemistry. 53: 8618-8623

61



6 The effect of nitrogen on the shelf life of baby leaf
lettuce (nutrition and irrigation experiments)

6.1 Introduction

Baby leaf lettuce is a fast growing crop, and is harvested after a short growth period
of 5 to 6 weeks. As a result, it requires a well-balanced nutrition to ensure the
attributes of the harvested plant meet the markets demands. For leafy crops nitrogen
uptake is the major determinant of leaf growth and leaf area and in turn crop yield
(Bacon 1995) but there was anecdotal evidence to suggest that a large application of
nitrogen to baby leaf spinach can cause a rapid flush of growth that resulted in a
shorter postharvest shelf life.

These experiments aimed to investigate this suggestion under controlled conditions.
The plants were grown in a glasshouse and the level of nitrogen applied was
changed while all other nutrients remained the same. The additional nitrogen was
balanced with calcium.

6.2 Materials and Methods (Overview)

For this trial the seedlings were planted in individual pots. Standard plant pots with a
rim diameter of 10 cm were used, allowing a spacing of 36 seedlings /m?2, similar to
commercial planting densities. The seedlings used were 48 Green Coral, 48 Red
Coral and 48 Red Salanova lettuce.

Seedlings were planted into a potting mix of 50/50 Peat and Vermiculite, which was
obtained from a local nursery and mixed by hand. This mixture was chosen as it is
chemically inert, and nitrogen levels can be fully controlled within the experiment.
Pots were filled up to 1cm below the rim. A layer of vermiculite was placed on the
surface of each pot after planting to slow the evaporation of water from the potting
media.

Three benches, or blocks, were used in this experiment (Figure 6. and Figure 6.2).
Using a split-plot design, each bench had four rows, each row being one of the given
nitrogen levels. Each bench had a row of each nitrogen level, and these rows of
nitrogen levels were placed randomly on each bench. Within each row, varieties and
replicates were randomised to ensure no bias between varieties.
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Figure 6.1 Layout of Glasshouse bench space. Each bench had every nitrogen treatment,
arranged in rows. Varieties and replicates were randomised among blocks at the beginning of
the experiment.

Figure 6.2 Layout of plants in Glasshouse in Experiment Two immediately after planting, and
prior to randomisation.

Plants were watered every 2 days, with two different soluble nutrient mixes. The first
was a nutrient mix that contained all essential nutrients for growth excluding
nitrogen, and was mixed especially for this experiment by R & D Aquaponics,
Wetherill Park, NSW. The mix was 40L and contained:

31 kg/L Magnesium Sulphate (MgSO4)

8 kg/L Mono Potassium Phosphate (MKP)
7.5 kg/L Potassium Sulphate (K2S04)
850 g/L Iron Chelates (Fe EDTA)
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185 g/L Manganese Sulphate (MnSO4)
90 g/L Zinc Sulphate (ZnS04)

20 g/L Copper Sulphate (CuS0O4)

12 g/L Sodium Molybdenum (NaMo)

The nutrient mix was diluted in a ratio of 16mL nutrient mix to 34mL water so that
50mL was applied in a glass beaker to each plant every two days.

A separate nitrogen mix was created to give the required level of nitrogen for each
treatment. Calcium chloride was also added to this nitrogen mixture to balance out
the higher levels of calcium in the high nitrogen treatments. The nitrogen mix was
placed in 20 L containers, with 4 x 20 L containers in total, 1 per nitrogen treatment.
A tap was placed at the base of each 20 L container, and 50 mL of the relevant
nitrogen mix was given to the relevant plants every two days via a 50 mL glass
beaker. The mixture ingredients were calculated by determining the area of each pot
in relation to the nitrogen level per hectare (Table 6.1)

N Level Density CaN Req. CaCl Req. per
(kg/ha) (plants/m?) per20L(g) 20L(g)
0 36 0.00 11.94
50 36 17.06 7.96
100 36 34.13 3.97
150 36 51.19 0.00

Table 6.1 Calcium nitrate and calcium chloride required per 20L for nitrogen mixes.

Measurements were taken every four days throughout the experiment, using the
same growth measurements as in Experiment One, such as number of leaves,
average leaf length and leaf tip chlorophyll level.

After harvest, samples were measured for fresh weight in grams, then dried in an
oven at 110°C for 1 week, and subsequently weighed. This measurement was then
analysed as a percentage of fresh weight to determine the water content and
structural percentage of the leaves. Fresh weight and dry weight was analysed as
both a marketable weight and biomass. Marketable weight is the portion of the plant
that would actually meet market specifications, whilst biomass was an entire lettuce
plant, cut-off from soil height.

Shelf life was determined as described earlier in Chapter 2 — Materials and Methods.
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6.3 Results

Leaf Thickness

Previous work described in Chapter 3 indicated that leaf thickness may be an
objective measure of the potential shelf life of baby leaf salad leaves. Leaf thickness
relative to nitrogen application concentration and shelf life was measured in this trial.

The leaf thickness was measured prior to harvest using a ‘pocket thickness gauge’
size (Mitutoyo Corporation). The results showed that ON (0 kg N/ha) plants had
significantly thicker leaves than 1.5N (150 kg N/ha) (P <0.001), whilst 0.5 & 1.0N (50
& 100 kg N/ha respectively) had similar leaf thicknesses, being thicker than 1.5N but
thinner than ON (Error! Reference source not found.).

When analysed by variety (Figure 6.3), Green Coral had significantly thicker leaves
than both Red Coral and Salanova (P<0.001) whilst Salanova had the thinnest
leaves of all varieties (P<0.001).
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Figure 6.3. Leaf thickness measured prior to harvest

Marketable Fresh Weight

The marketable yield is a measure of the weight of product that can be packaged
and sold from each plant. In the higher nitrogen treatments the leaves needed to be
cut down to meet market specifications, with excess discarded as waste. This waste
was not counted as part of the marketable fresh weight. Similarly, plants at lower
nitrogen levels produced some leaves that were too small to meet specifications, and
were also discarded as waste and were not counted as marketable weight.
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The marketable weight was significantly different between all nitrogen levels
(P<0.001), with marketable yield increasing significantly as nitrogen level increased
(Figure 6.4 and Figure 6.).

Both Green and Red Coral showed similar yields (Figure 6. and Figure 6.), and both
were significantly higher than Salanova (P=0.013).

Marketable Fresh Weight v Nitrogen Level
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Figure 6.4 Marketable fresh weight. (LSD=5.73 across nitrogen levels)

Figure 6.5. The effect of nitrogen on yield. 150, 100, 50 & 0 kg N/ha from Left to Right.
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Percentage Biomass

The percentage biomass was calculated from the fresh weight and dry weight
measurements of the entire mass of harvested lettuce plants.

The results show that lettuce grown at 50 kg N/ha had a significantly lower water
content and a higher percentage of structural cell components than lettuce grown at
both 100 & 150 kg N/ha (P = 0.003) (Figure 6.).

When analysed by variety, Green & Red Coral had a similar percentage biomasses
(Figure 6.), however Salanova had a significantly lower water content (P <0.001).
These results indicate that there is a difference between the structural segregation of
the leaves of the different varieties of lettuce.
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Figure 6.6. Percentage dry weight to fresh weight (with standard error) - An indication of the
ratio of structural components to water content of the lettuce (LSD=2.569 by nitrogen level,
LSD=1.537 by variety).

Shelf Life

The shelf Life was measured as days until the end of shelf life at 0°C, and was
determined based on the criteria described in Chapter 2.

When the analysis was done with all the varieties combined 0 & 100 kg N/ha had a
significantly shorter shelf life than the 50 & 150 kg N/ha treatments (Figure 6.).
However, Figure 6.7 also shows that Salanova had a significantly shorter shelf life
that Green & Red Coral under all nitrogen levels except 150 kg N/ha.

The analysis also showed that Green & Red Coral had a significantly longer shelf
life, over three days more on average than Salanova (P=0.034).
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Shelf life was then re-analysed without Salanova to determine the effect of nitrogen
on the shelf life of Green & Red Coral (Figure 6.8). When the results for Salanova
were taken out of the analyse, nitrogen level was shown to have a significant effect
on the shelf life of Green & Red Coral (Figure 6.8). The nitrogen rates of 0, 100 &
150 kg N/ha were shown to give the shortest shelf life, while those plants receiving
50 kg N/ha (half the industry standard) had a significantly longer shelf life (P = 0.006)
up to four days longer compared to Coral lettuce at 0 kg/ha (Figure 6.8) This is up to
six days longer than the average shelf life of Salanova lettuce.
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Figure 6.7. Shelf life (with standard error) by nitrogen levels with all varieties combined.
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Figure 6.8. Shelf life (with standard error) of Green & Red Coral against nitrogen levels with
Salanova excluded.
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6.4 Discussion

It was also hypothesised that an increase in leaf thickness and a lower percentage of
water within the leaf may lead to an extended shelf life. In this experiment this
hypothesis was true where Green Coral leaves were significantly thicker than
Salanova (P<0.001) leaves and Green Coral had a significantly longer shelf life than
Salanova in these experiments (P=0.034; Figure 6.).

This relationship was also noted with respect to nitrogen levels, with 50 & 100 kg
N/ha treatments producing thicker leaves compared to plants grown with 150 kg
N/ha. The 50 kg N/ha treatment had the longest shelf life for Green & Red Coral
(P=0.006). The link between leaf thickness and shelf life is also supported by the fact
that Salanova lettuce had significantly thinner leaves than all other varieties (P
<0.001), and also had the shortest shelf life (P=0.034; Figure 6.). More work is
needed to quantify this relationship further. It may be possible to select new baby
leaf varieties based on leaf morphology with one important characteristic being leaf
thickness.

In terms of leaf biomass lettuce grown at a rate of 50 kg N/ha had a significantly
lower water content and higher percentage of leaf cellular structure than treatments
of 100 & 150 kg N/ha nitrogen (P=0.003; Figure 6.) which visually related to the
smaller leaves of plants in this treatment. A reduction in leaf water content
correlated with the shelf life results when Green & Red Coral were analysed
separately from Salanova. Green & Red Coral showed a significantly longer shelf life
at 50 kg N/ha nitrogen compared to 100 & 150 kg N/ha (P=0.006). This suggests that
the increased fresh weight to dry weight percentage and the increased leaf thickness
has lead to an increased shelf life in Green & Red Coral. Unfortunately the 50 kg
N/ha treatment also had a reduced biomass yield (Linker and Johnson-Rutzke
2005). These results indicate that there needs to be a compromise between yield
achieved with high nitrogen application and a longer shelf life achieved with lower
levels of applied nitrogen.

With Salanova, the cause of the lower shelf life is not as clear. When the results for
Salanova lettuce were analysed separately to Green & Red Coral the shelf life
response to nitrogen level applied was inconsistent. Other data showed that Green
& Red Coral had a higher chlorophyll level than Salanova (P=0.030), indicating a
great capacity for photosynthesis. In turn both Green & Red Coral had a longer shelf
life that appeared to be correlated to an increased dry weight percentage and leaf
thickness. The difference between the varieties may be due to a difference in
photosynthetic capacity linked to structural growth but more work is needed to
understand the differences more clearly.

The results from this experiment show that an increase in shelf life as a result of a
lower application rate of nitrogen comes at a significant cost. Analysis of marketable
yields from this experiment showed that by halving nitrogen rates, marketable yield is
also halved. So while it may be desirable to increase the shelf life of the processed
product, it appears that it will come at a commercial cost as yields will be halved.
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6.5 Conclusion

This research has shown that it is feasible to increase the shelf life of baby leaf
lettuce through the reduction in the rate of application of nitrogen levels applied to
the plant during growth. However it appears that the commercially bred Salanova
variety responds to nitrogen in a different way to the Coral types. For all treatments
Salanova lettuce had a shorter shelf life.

In Green & Red Coral, the dry weight percentage appeared to give an indication of
the potential shelf life. The data from this experiment did support the anecdotal
evidence that plants grown with high nitrogen application had a reduced shelf life but
whilst a reduction in the level of nitrogen applied has the potential to increase shelf
life, it also decreases marketable yield. There is a commercial compromise between
marketable yield and shelf life in relation to the level of nitrogen applied to baby leaf
lettuce.
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7 The effect of moisture absorbing sachets and vacuum
cooling on the shelf life of baby leaf spinach and lettuce

7.1 Introduction

The key factors that ensure an optimum postharvest shelf life of baby leaf spinach
and lettuce include rapid cooling after harvest and the delivery of a cool product to
the factory, a processing line that minimises the physical injury to the product during
processing, good packaging and a consistent cold chain from the factory to the
consumer.

The most important postharvest handling technique available is temperature
management but it is also the technique most commonly misused. Many commercial
operators are not aware of the impacts on quality and shelf life of a delay in cooling
or of storage at a warmer incorrect temperature. As a result they do not use cooling
to its maximum advantage.

The type of packaging used for the product is also an important area that is difficult
to manage. In some situations the presence of condensation in the bag can have a
negative effect on quality. Condensation causes solutes from the cut surface to leak
out and this provides an ideal environment for bacteria growth. Bacteria contribute to
the soft breakdown of the tissue in the package. Ideally excess moisture should be
removed during drying to minimise this problem.

These experiments aimed to demonstrate the impact of delayed cooling and the
presence of excess moisture in the bags on the quality of baby leaf spinach and
lettuce. These are two important areas where improvements can be made in
managing these baby leaf products and in turn, extend the shelf life.

7.2 The Effect of Moisture Reduction on the Quality of Baby
Leaf Spinach and Lettuce

7.2.1 Materials and Methods

For these experiments the contents of each bag was weighed after manual drying
with absorbent paper towel. The comparison of the initial weights allowed an
estimate of leaf-surface moisture to be calculated. The average value of moisture per
bag was found to be 11g for spinach and 14 g for baby leaf lettuce after normal
commercial processing.

Sachets containing silica gel were placed into bags to absorb some of the moisture
during storage. Each sachet could absorb approximately 11 - 15g of moisture and
was similar in weight and dimensions as one of the condiment sachets that are
normally included in the bag. The product shelf life was evaluated and compared to
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that of control bags, containing material that was processed and packaged during
the same production run.

All bags were stored at 7°C after processing as this was the commercial practice for
quality evaluation.

The bags from the spinach trial were assessed for quality 9, 11, 12, 13, 15 and 16
days after processing and for the mescalin lettuce 6, 8 and 9 days after processing.
The quality was assessed by turning out the contents of the bag and rating for the
following characteristics on a 1-5 scale where 1 = worst and 5 = best: visual,
crispiness; odour; taste; damage; consistency; and, freshness. These rating were
then summed for each assessment to give a total score out of 35. Shelf life was
defined as the number of days taken for the total score to fall below 13. ANOVAs
were carried out in the summed score data, and for both spinach and mescalin
lettuce each treatment was replicated 6 times (n=6).

The Mesculin salad mix was chosen to represent baby leaf lettuce as it contains
velvet and coral lettuce leaf types.

Refer to Chapter 2 for more detailed methodology in terms of crop growth and
management.

7.2.2 Results and Discussion

The results show that having an absorbent sachet in the bag increased the shelf life
of the baby leaf spinach by about 1 day (Figure 7.1) and that there was no significant
extension in the days to fail for baby leaf lettuce (Figure 7.2). These results may
seem insignificant in terms of the improvement in total shelf life but the main factor is
that there was an improvement in the quality of the drier product at each sampling
time. This result was also achieved at a storage temperature of 7°C which is not the
ideal temperature for storing baby leaf products and a much greater extension could
be achieved with a cooler storage temperature. However 7°C is the temperature
used by OneHarvest for quality evaluation as it is indicative of what happens in
commercial practice.

Excess moisture in the bag reduces the shelf life of the product by encouraging the
leakage of solutes from the cut surfaces into the water droplets on the surface.
These water droplets, rich in nutrients become ideal sites for bacterial growth. The
bacteria cause the soft breakdown of the tissue which makes the product
unsaleable.
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Effect on shelf life of adding a moisture absorbing sachet into bags of
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7.2.3 Conclusion

The best solution to the problem of condensation in the bag would be to have a more
effective drying system to minimise the water in the bag at the time of packing as
adding sachets to the bags creates health and safety issues for processing.

If sachets were the only option available then more work is needed to optimise this
system. The sachet used in this trial had a small surface area and ideally this would
be increased and the absorbent could also be improved by using a different salt that
dried the air to the equilibrium relative humidity of the processed product to prevent
dehydration.

7.3 The effect of delayed vacuum cooling on the quality of
baby leaf spinach compared to forced air cooling.

Fresh-cut products generally have a higher respiration rate than the corresponding
intact products. Higher respiration rates indicate a more active metabolism and
usually a faster deterioration rate. The most important aspect of postharvest handling
of fresh cut products is refrigeration at as close to 0°C as possible.

Storage temperature affects the respiration rate and the rate of deterioration of the
product with products stored at temperatures close to 0°C having the longest shelf
life. Any period of temperature abuse will shorten the shelf life of the product.

One option for cooling baby leaf spinach is vacuum cooling. Vacuum cooling works
by evaporating water from the product at very low atmospheric pressures. Products
that easily release water cool in 20 to 30 minutes.

Vegetables that have a high surface to mass ratio and that release water easily,
such as leafy vegetables are best suited to this method of cooling. Vacuum cooling
causes about 1% product weight loss for each 6°C of cooling. Some coolers can
spray water on the surface of the product before or during cooling to reduce the level
of weight loss. The water must be disinfected and in some cases the rapid release of
the vacuum can cause some vegetables to have a water-soaked appearance.

7.3.1 Materials and Methods

Freshly harvested baby leaf spinach was used at Cox farms, Bairnsdale, and the
leaves treated according to Table 7.1. While harvested material was waiting for
vacuum cooling, it was held in the shed which had an ambient temperature of 21°C.
Once the treatments were applied, the cooled product was stored at 2°C in the cool
room on the farm and then transported in a refrigerated truck to the Vegco
(OneHarvest) factory at Bairnsdale for shelf life assessment. Data loggers were
placed in all treatments.
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The product processing and assessments were carried out by Vegco and AHR staff
at the Bairnsdale factory. On receival at the factory, spinach was packed on Line 5 at
a length of 310mm into standard WW Spinach film (42EL90), see Table 7.2 for
details.

Treatment Ingredient Treatment Method

No.

1 Baby Spinach Hydro-vac 2 hour after harvest

2 Baby Spinach Hydro-vac 2 hours after harvest (initially

store in shed under ambient conditions)

3 Baby Spinach Hydro-vac 4 hours after harvest (initially
store in shed under ambient conditions)

4 Baby Spinach Hydro-vac 6 hours after harvest (initially
store in shed under ambient conditions)

5 Baby Spinach Therma-fresh forced air cool as current
standard practice (no vacuum).

Table 7.1: Cooling Treatments

The machine settings were set to pack standard spinach bags at a length of 310mm.
About 100 bags were packed off (10 cartons) of each trial to gain relevant
processing data and for shelf life assessments. All relevant data was noted down.

All packed products were kept at 7°C for shelf life purposes. All trials were sent for
microbiological testing at the end of shelf life. There were no problems with the
samples in terms of the microbiological results for all samples in this trial. Samples
were washed through the Line 3 “Tsunami Bath” and spun in the NON Dryer (using
the existing baby leaf setting — Spinach No 6). The product was caught into Blue
crates at the end of Line 3 and was labelled and kept separately to be packed later.

Parameter Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5
Bag Size 480 x 310mm 480 x 310mm 480 x 310mm 480 x 310mm 480 x 310mm
Gas Flush (02) NA NA NA NA NA

Film Type 42 EL 90 42 EL 90 42 EL 90 42 EL 90 42 EL 90
Pack weight (g) 150g 150g 150g 150g 150g

Order Multiple 10 10 10 10 10

Carton Type used  NO1 NO1 NO1 NO1 NO1

Table 7.2: Packing Details
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7.3.2 Results and Discussion

The report from the trimming room on the samples processed through the factory is
outlines in Table 7.3. These values are within normal ranges for the factory including

minor bruising.

Description

No. of people
involved in the trial
Time taken from
start to finish

Raw material quality
Baby Spinach

Raw material issued
Baby Spinach

Hydro Vac

cooled within

0.5 hour
2

6min

Minor bruising

on spinach

~30kg

Table 7.3: Trim Room Results

Hydro Vac

cooled within

2 hours
2

6min

Minor

bruising on

spinach
~30kg

Hydro Vac
cooled within
4 hours

2

6min

Minor
bruising on
spinach
~30kg

Hydro Vac
cooled within

6 hours
2

6min

Minor

bruising on

spinach
~30kg

Forced air
cooling within
0.5 hour

2

6min

Minor
bruising on
spinach
~30kg

Figure 7.3 shows the effect of delays in cooling on the shelf life of processed spinach
and Figure 7.4 shows the damage score of the same material. Spinach that was

vacuum cooled within half an hour of harvest had the best shelf life. The product that
was forced air cooled within half an hour of harvest performed as well as the product
that had a 2 hour delay in vacuum cooling.
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h
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Figure 7.3 Effect of Vacuum cooling treatments on the shelf life of baby leaf spinach.
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Figure 7.4 The effect of delayed hydro vacuum cooling on the 5 defects of baby leaf spinach
compared to forced air cooling.

Vacuum cooling 6 hours after harvest resulted in the poorest quality and the shortest
shelf life. The results demonstrate the benefits of vacuum cooling as quickly as
possible, ideally within half an hour of harvest to ensure maximum shelf life.

7.3.3 Conclusions

Reducing moisture in the bags

The results show that having an absorbent sachet in the bag improved the quality of
baby leaf spinach and lettuce. This is an important result as it demonstrates the fact
that the current processing can be improved.

Postharvest temperature management

Baby leaf spinach must be vacuum cooled with in half an hour of harvest to ensure
maximum shelf life.

Baby leaf spinach that was vacuum cooled 6 hours after harvest