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Welcome to our June newsletter!

What a year we are living in Australia! In January we |ong periods of time. Or so neuroplasticity tells us!

started with the news that the questderfect bananas

by supermarkets is forcing growers to discard a third ofn this newsletter, we talk about one of the topics that |
the cropsin February we were told that the dream of  find myself going back to time and time again: the

transforming thé\orthern Territory into a food bowl
was...well just a dreanin March, an online tool to de-
tect food alerts in the European dataset from the Rapi

food safety record was

Australia as the

and US
|

The Australian Government delayed the emissions tragdext edition is due in Decemt
ing scheme until 2013But even that date is now being 2010 (Chain of Thought is no

reconsidered, as we saw a radical change of direction
going fromKevin Rudd to Julia Gillard in less than one

‘biannual).

critical factors for quality maintenance in fruit and
(yegetables. Given the increasing awareness of consumers

Alert System (food and feed) indicated that s t r a 1O {p@fl safety aspects, climate
a @hangeghalgngess esqalgfiry
a_d aThis was overthrown bgnother study that placed food prices and food security,

wor | do sthisk e topicds highgys t
tems, sharing the top places with Denmark, Japan, UK glevant.

hope you enjoy this issue. C

hour. Ms Gillard is now our first female Prime Minister.A” the best,

Important dates for food and agriculture R&D came anguvia EstradaFlores

went, such as thiday budgetwhich was not popular
among farmers and research@sS | ROO s
capacitywas again decreased as aconsequence of this
budget.

f o o Bringipal £enguitapt h

Even with the uncertain environment in ETS in Austra-
lia and internationallyorganisations around the world
continue working in developing sustainable food chaing
As examples, we had thst IR Conference on Sustain-
ability and the Cold Chain (Cambridge, UK)March,
and theCSIRO food manufacturing forum in North
Rydeon February.

With these momentous and sudden changes, online,
printed and TV/radio media have exploded in content
and it is difficult to keep abreast of developments in all
fronts. | usemy blogto talk about some aspects of inter-
est to people working in food supply chains as they ha
pen, or as soon as | get the information.

Writing this newsletter means to me finding the time to
revisit topics that | have been interested in for years.
Even though things are moving fast, true knowledge
benefits from constant, -idepth and calm analysis over
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Chain of Thought

spoilage is caused by a combination of physiologi-

Critical factors for quality cal/biochemical and microbial activities that occur in
maintenance in fruit and vegetables pre-harvest and postharvest, as illustrated in Figures 1
and 2.

From a biochemical point of view, temperatures above

Product quality is a highly elusive concept that depend$he opt_imum value fO_r any given _pdeUCt induce an ac-
on factors such as the type of product and its physiol- Cceleration of metabolic and physmal processes, leading
ogy, the preference of the buyer (e.g. retailer, consumel@ colour changes, dehydration, and conversion of

manufacturer) and the market characteristics of each starches to sugars, breakdown of proteins and cell wall
country (Tiskens, 1996). components and changes in aroma compounds, between
L . L many other effects. Likewise, temperatures below the
Quiality is used here to describe the combination of de- . y . P L :
optimum level can lead to rapid deterioration, particu-

sirable sensory, nutritional and microbiological attrib- . ) . .
. _y, ) g . larly in fruits and vegetables that are susceptible to chill-
utes existent in awholesome, attractive and safe horti-.

cultural product. For consumers, quality is a multi ing damage.

faceted concept, where social trends, quality attributes From a microbiological point of view, the rate of growth
and quality cues r epr es e Afspoilage eicrporggnisiscdepgnds op the higtory af g u
While quality cues such as appearance, colour, shape,the product before arriving to the consumer (e.g. type of
size or structure are easy to define and measure, extriferoduct, processing, transport and storage, packaging)
sic cues such as attitudes to price, brand, nutritional in-and the domestic storage conditions. The sum of these
formation, production information, country of origin are actions are reflected in the appearance, texture, flavour,
more difficult to measure. Quality attributes are abstracfroma, colour and nutritional value of food, just before
and can be based on experience (e.g. taste, freshnessits consumption (Paull, 1999) .

convenience) or perceived benefits (e.g. healthfulness, From the above, it follows that the enhancement of
naturalness, animal and/or environmentally friendly).  shelflife can be achieved by minimising the growth of
The perceived benefit of quality attributes can only be spoilage microorganisms and by controling the factors

formed from experiences, information or judgment donghat contribute to biochemical changes in foods.

by others (Wismer, 2009). The factors that are traditionally addressed in horticul-

In this paper, we include the concept of food safety as tyral Supp|y chains to maintain quahty are:

r f h 5 | i 0 . T hi i I n
part o the oqualityo co E)crgn%etratureLow t'errslperétusre s[ov?s dgw\(lt e t be
some cases, pathogens can be present even when the

. . rowth of microorganisms, but does not eliminate bacte-
packaged contents do not present obvious signs of spo%— g

ria. It is widely recognised that optimum temperatures
age (IFT, 2001). Therefore, although the product may . y g P perar
N ~ for chilled products are below 4@, but some horticul-
appear as wholesome and attractive, it is a low quality .
e tural products such as lettuce may require temperatures
(and dangerous) product. For example modified atmos—Close © PC. The limitin
phere packaging of fresh cuts is able to support grOWthfactor of terr.l erature re? In fruits and vegetables, the
of Listeria monocytogenesnder certain conditions P respietion raie 1S directly

_ . duction, particularly in related to the shelf life of
(Carlin and NguyeiThe, 1993, Scifo etal., 2008). tropical and subtropical RNl F[=RRSES LTy

While preharvest quality depends on the selection of  fryits, is the physiological [ ESSRUE RV A0
cultivar, nutrition and handling of the crop (Figure 1), disorder known as increase above the optimu
postharvest quality (Figure 2) is better understood as & ¢ hi | | i ng i temperature, the respiration

: : PR - rate is doubled or even trebl
dynamic parameter that inexorably decreases with timec guses of this disorder ar

and shelfife decreases in
(Hertog, 2004). It could be argued that some postharveggt totally clear, but a about the same proportion.

processes such as ripening improve the eating charactgfrong theory is that it is strawberries, a 19T increase
istics of bananas or avocado. However, ripening also caused A EN R can lead to a+bld increase
triggers a decredfs.e in t Prgne PifisCaldbEuttidaRUERCSICIQNEICS

Critical factors for keeping quality changes in enzymes and

. . . ___other proteins. For products that are not susceptible to
Spoilage can be regarded as the series of mechanisms P P P

) i . chilling injury, the lower temperature limit is e? to
that trigger quality loss. In horticultural products, g inury P
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| Cultivar and Rootstock |
“~| Genotype |

Nitrogen |
i Mineral nutrition |
\ Calcium
Deficit _Lower yields,

Preharvest Quality
Risk Factors For

Horticultural |

Products — | Rapid

— Irrigation |-

Overirrigation |
other

black

\

| Canopy manipulations |{

Avoidance of build up

N —_—— nematodes
— Crop rotation |—

Natural selection
{_ Genetic engineering

N deficiency

N excess

- Ca deficiency

cases improves quality

Increase of respiration rate
above the optimum value

cracks in carrots,
potatoes, tomatoes and

increase in neck rot,

bacterial rot of onions
L Crop load :
| Pruning -
i_Canopy positiron

A Girdling

soilborne fungi, bacteria and

Small fruit, poor flavour,
loss of productivity

Shading, delays in fruit
maturity, hollow heart
(broccoli & cauliflower),
spotting (capsicum),
internal browning (tomato),
changes in flavour (celery
and beet), sensitivity to
attacks by some rots
increases

Blossom end rot in tomatoes,
blackheart in celery, cavity
spot and cracking in carrots,
tipburn in lettuce

butin some

growth leads to

vegetables;

rot, basal rot and

..oyl Mostly in tree fruit |

of

Figure 1. Factors that affect the quality of horticultural goods preharvest. Adapted from Crisosto

and Mitchell, 2002.

0 °C, before freezing of plan tissue appears. Ice crystal ing and unloading, transport, retail). Some examples of

formation may lead to cellular dehydration and struc-
tural damage.

2) Ti me bef or eby® ndPaotnipg )i
a means of knowing how long the product has been
maintained circulating in a supply chain is part of a

time- temperature indicators include biosensors (which
base their response on the behaviour of a biological
@ﬁteriel,ésgpg 3s enzymes), electronic sensors (which
based their response on an electric signal) and
electromagnetic sensors (which useays or high

good traceability system. For example, packaged-fresh fFedUENcy waves as aresponse), among others.

cuts have a unigue product code that contains inform
tion such as the manufacturing plant code, the date o
production, the shift, t
Used Byo (Bl UB) dat e.

Arguably, the most important rule in industrial food

storage is dAfirst in, fi

tools are put in place to ensure that this rule is followe

Approaches such as tirtemperature indicators have

a_Networking technologies (e.g. RFID enabled chains)

f have also been applied to solve the uncertainties of the
finks meationed,ahve, ¢ | i ne and
3) Humidity Humidity control during storage is
important with respect to the management of moisture
fogsyandgniprobial sgojiage. Repygrgtipry ofnory, 1, ¢

gPackaged fruit and vegetables during refrigerated
storage will lead to a loss of weight and possibly

a 0

been implemented are useful for links in the chain wher@ting or shrivelling and loss of texture (Ben

temperature control is difficult to implement (e.g. load
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Chain of Thought

~Increase of microbial activity

_Above the optimum value | Increase of spoilage

. Temperature —«‘

| reaction rates
“Thawing (frozen goods)

~Chill damage

\_Below the optimum value | Accidental freezing

\_Sublimation (frozen goods) Loss of saleable weight

Increase of microbial
ractivity (including moulds
[ and rots)

| Increase of spoilage

Above the optimum value

“Humidity ||
i -

|

|
|
\

Below the optimum value

Water absorption by
- packaging materials and
| loss of structural strength

‘\. Formation of condensation
‘/ ice crystals inside pallet
wrapping or packages

| o

};" reaction rates
\

I

|

_ Dehydration/loss of

saleable weight

: Increase of respiration and
Accumulation of ethylene —ripening rates in ethylene-
{ sensitive cargo

| Increase of respiration rate
‘ [ above the optimum value

[ |
E Inadequate balance of [

\_carbon dioxide and oxygen | Decrease of respiration
| rates below the optimum

\_value. In extreme cases,
the atmosphere is
insufficient to sustain
aerobic conditions.

‘7Atmosphere )
. composition

Postharvest Quality
Risk Factors For
Horticultural Transfer of abnormal
Products odours from the

Odour tainting __ container/truck or from
[ incompatible mixed loads
to the product

~Chemical tainting

| Accidental or premeditated
| transfer of foreign bodies

Contamination |0 the product :
1 \
|
[

[

| Transfer of

| microorganisms or toxins
\ from surrounding surfaces

\-Physical contamination

—Bacteria, molds, rots

Damage and
contamination from
. insects and pests

‘\> _ Beetles, moths, rats, mice

Impacts during loading and
unloading (forklifting,
[ stowing, push/pull

operations)
Acceleration (braking,

_Increase of ripening and
senescence rates

Anaerobic processes are
triggered, leading to

~ formation of ethanol and
acetaldehyde in fruits

Harmful chemical
~substances, fats/oils,
insecticides.

Dust, dirt, animal
/ excrement

—Off flavours and odours

‘-;Wooden chips, metallic objects

\Water

Pallet

/
o o  —
Mechanical stress —|
o
|

|

|
\

" cornering, waves)
\-Vibration during transport
\Stack (static) pressure

\ Inadequate load securing
and stowing

Inadequate packaging design

"\ Package ,“‘ Moisture migration and
| collapse of boxes

\Mishandling of boxes

Figure 2. Factors that affect the quality of horticultural goods during postharvest. Adapted from

Wild et al., 2008.
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Dehydration (or evaporation) occurs when the vapour ium botulinuntould grow under these conditions. The
pressure of water at the surface of the product is greatecase oListeria monocytogenesas discussed previ-
than the partial pressure of water in the ambient air. If aously.

high relative humidity is used during storage (€.9. More o hreaks and cases of diseases associated to the con-
than 99.5%), the vapour pressure at the evaporating SUgy, mntion of fresh fruit and vegetables and unpasteur-

face and the partial pressure of water in the air will be
close or at equilibrium and no moisture loss from the

ized juices have been documented with increasing fre-
quency in many countries in recent years (Beuchat,

productwould occur. However, reaching these humidity,gng) "1 5 survey conducted in the USA, fresh produce

levels during storage may be counterproductive if con-

accounted for the largest proportion (45%) of the food-

densation occurs, increasing the risks of microbial spoik, e ilnesses cases registered from 1998 to 2006

age. The effect of temperature and relative humidity

(including sprouts) (Zagory, 2008). In terms of out-

(RH) is intertwined: for example, ?sto-rag_e using & 95%yeaks, fresh produce was the third vector, behind eggs
RH and a temperature qagint of 0°Cwith justa 0.5 4844) and seafood (25%). In England and Wales, 4%

°C oscillation around the spbint can result in conden-

of all infectious intestinal disease outbreaks between

sation in the surface of products or other surfaces that 1992 4nd 2006 were associated with the consumption
have reached the dewpoint temperature. Larger tempe&?’prepared salads. A total of 3,434 people were af-

tgre oscillations lead to higher probabilities of condensafected’ with 66 hospitalizations and one death reported
tion. (Little and Gillespie, 2008).

4) Airflow composition, distribution and air velocity.
Airflow plays the following relevant roles in the storage
of refrigerated products:

1 As a means to achieve rapid cooling/freezing of q
products.

] Alongside temperature and relative humidity, as
factor determining the rate of humidity loss in un-
wrapped products.

1 As a means of transport for gases existent inside
the refrigerator (e.g. ethylene produced by certainﬂ
fruits, oxygen, carbon dioxide, odours, moisture).

To date, no comprehensive studies that provide air veloc-
ity guidelines to minimise moisture loss from products
under refrigerated storage conditions have been pub-
lished.

Food safety as a quality factor

Food spoilage by itself does not pose a risk to human
health . In fact, food spoilage can be a useful indicator,
signalling when a product has undergone conditions that
allow the growth of bacteri&including pathogenic ones.

Nevertheless, some treatments can eliminate spoilage
microorganisms and promote the growth of pathogens.

External influences that may be contributing to the in-
creasing frequency of outbreaks attributed to fresh pro-
duce in the past three decades are:

Modification in agronomic practices, processing
and packaging technologies.

Modifications in supply chain practices and the
evolution of global supply chains, which aim to
provide horticultural products sourced from
many regions, all year round.

Changes in population demographics (e.g. an
increase of the elderly population segment world-
wide).

Emerging medical conditions that compromise
the human immune system (e.g. HIV).

Changes in food consumption patterns and pref-
erences; recognition of nutritional benefits of
plantd er i ved Onutraceutica

Improved surveillance systems and an increase
on publicly available information about feod
related diseases.

For example, spoilage bacteria thatwould normally grow Nere are four groups of human pathogens associated
in produce under standard storage conditions will slow With fresh produce (Gorny and Zagory, 2004):

its reproduction in MAP conditions. The decreasein 1. Soitassociated pathogenic bacteria (Elgstridium
oxygen concentration and the increase in carbon dioxideotulinum, Listeria monocytogenes

concentration will favour microbes thatcan grow in a

2. Fecalassociated pathogenic bacteria (8ajmonella

low oxygen environment (e.g. lactic acid bacteria, spp., Shigella spp., E. c@i157:H7).

yeasts). In a microenvironmentwhere oxygen is com-

pletely lacking, anaerobic populations will prevail (Sela 3- Pathogenic parasiteSri/ptosporidium, Cyclospora,
et al., 2009). Some harmful microbes, sucBlastrid- Giardia).
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4. Pathogenic viruses (Hepatitis, Norwalk virus and duce. Figure 3 presents the two types of factors of interest:

others). A) Intrinsic factors, which are inherent characteristics

Concerns about the incidence of viral and parasite ¢ piant tissues. These include the initial microbial load,
related diseases du<_e to consur_nonn of contaminated, 5;or activity, presence of oxygen and nutrients, antago-
fresh produce have increased in the past two decadefisyic microflora or natural antimicrobial substances pre-

However, bacteria remain as the mostcommon etio- gany in the product and the biological conditions of the
logic agent in producassociated outbreaks. During produce.

19902002, 55% of the reported foodborne outbreaks o _
in the USA were triggered by pathogenic bacteria. \ﬁ-B) Extrinsic factors, which are related to the management

ruses and parasites contributed with 36% and 17%, of the product in the supply chain. These include environ-
respectively. mental conditions pre and pdsdrvest, use of packaging

_ . materials and processing stages that may inhibit further
Fresh horticultural products cannot be 100% sterile. Irﬁ athogen growth such as th

fact, most of the microorganisms that are naturaly Preyanching, freezing, irradiation) and hygienic measures
sent on the surface of fresh produce arepethogenic during the handling of the product.
and these can act as a barrier to prevent the growth of = _ _
pathogens, should they be present (Rediers et al., While it is .relatlvely easy f[o assess jthe_grpwth of bar_;terla
20009). as a function of the most important intrinsic and extrinsic

_ factors (e.g. initial load, time, temperature and water ac-
Nevertheless, raw fruit and vegetables can become i) the specific effect of biological structure, gas com-
contaminated with human pathogens or spoilage bactgsqition, some processing steps and antimicrobial sub-
ria at any point in the supply chain (see Figure 3).  gances or antagonistic microflora on microbial growth are
Fresh produce that is eaten raw is not subjected t0 gy peing investigated. This is particularly true in fresh

processes that retard microbial growth such as cooking, ticityral products, which have an inherent high vari-
freezing, or treatments with additives or preservatlvesabi"ty and diversity

Hence, the maintenance of safety in fresh horticultural _ _
products depends significantly on: (a) avoiding patho-Of all these factors, temperature is the most important fac-

gen contamination; and (b) applying recommended tor of microbial growth (after initial concentration).
food safety practices throughout the supply chain (e.gpoilage as a factor of product loss

GAPs, GMPs, GTPs) (Estraéidores, 2003). Even in cases where products have been handled in opti-
Pathogen contamination and growth factors mum conditions from farm to retail, quality in perishables

Contamination and growth of pathogens are wo linkelpévitably decreases to a point where the product becomes

but distinctive processes that contribute to the increagéacceptable for consumption. If this point is reached be-
of risks in fresh produce. fore the product provides the desired value to the ultimate

o L buyer (i.e. consumers), the purchased product translates
Contamlnatlgn refers as to how pathogens |n|t|aIIy. directly into a loss of value for the entire chain. This loss
contact and infect the product. Pathogens can be intra, ake the form of future sales, disposal costs or even
duced during any of the supply chain links of fresh ooy hroduct recalls if the product safety has been com-
fruit and vegetables (e.g. prervest, harvest, pest  , omised. There are also indirect costs associated to qual-

harvest and consumer operations). For example, pre j |4gses, such as environmental impacts (i.e. food waste)

harvest contamination vectors include human and aniy ¢ommunity heatth (e.g. foodborne ilinesses, lack of
mal fecal waste in the crop field, the use of contami-

_ ) nutritional value in low quality products).
nated manure and flooding. The use of contaminated
harvesting tools and machinery can also introduce ~ Figure 4 shows some of the reasons and consequences

pathogens into the plant tissues. Further,-hastest (i.e. loss of value) of quality losses in a typical supply
operations such as hydeooling with contaminated chain for vegetables. Losses of 2% to 23% between farm
water can lead to pathogen internalization through th@nd rétail and 5% to 30% atconsumer level have been
leakage of contaminated water into the product. Con-TéPorted for developed countries (Kader, 2005). It is ex-

sumers can contaminate the product through the useRfcted that the wastage rates will vary depending on sev-
dirty knives and cooking utensils, poor hygiene and eral factors such as seasonal changes, differences among

other handling practices. farms and other conditions.

Growth factors are parameters that amplify or decread® illustrate how these loss scenarios affect perishables
an already existent pathogenic presence in fresh pro SUPPly chains, an estimate of the economic loss in the
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Microbial growth
parameters

Intrinsic

Initial microbial population

Water activity

pH

REDOX potential Oxygen availability
Carbohydrates, aminoacids,

proteins, organic acids,
vitamins

Nutrient content

Presence of natural
antimicrobials or antagonistic Essential oils

bactena
Bacteriocing

Biological structure Cell walls, skins

Extrinsic

Time

Temperature

Humidity:ss**""*""*"*evea.,
""""""""" E Oxygen levels

Use of packaging "*F Carbon dioxide levels

I Gas (atmosphere) composition
A - ) e Humidity leveis

Bulk

‘kiling' step
Processing stages
Application of anti-microbial agents

Hygiene

Handling practices Avoidance of cross
contamination

Figure 3. Intrinsic and extrinsic factors influencing the growth of pathogenic bacteria in fresh
horticultural products.

Australian vegetable supply chain was carried out using arepresented between AUD$176 million and
simple stochastic model to estimate potential product AUD$473 million (or 6% 11
n

losses that could have occurred during 2008. APertdistiwh ol esal e value of the 0

bution was used to generate the wastage random factors.tha |0ss value due to estimated quatéiated waste
Three thousand random loss factors ranging from 0.02 to represented between 2 and 5 times the annual

0.23 Trepresentative of 1t kg Wit &D Mahdg&dihfoligh doftiuttufeX P €
bet ween farm and retaildil WMe S8 Kengr %ti‘?nqtte'brcfutgnrb N9,

carlo simulation (ModelRisk ®, Vose Software, 2010).  geyelopment corporation that implements the most
These values were used to determine potential losses persignificant innovation efforts in the horticultural

type of vegetable (e.g. asparagus, beetroot, broccoli).  gactor Therefore, there is a good business case to

The value and volume of 33 Australian vegetable varietiesinvest in innovation and technology that decreases
produced during206@ 8 wer e used as ithesepecenthges.a. | n a fAno
wastageo situation, t he A_”Aékﬁo(}vlé‘dbém%rﬂsVegetable gr owe
would have produced 3.27 megatonnes of vegetables, with o _ _

a realised wholesale value of AUD$2.8 billion (Australian Part of this information was sourced during the

Bureau of Statistics, 2008). development of Project VG
. , challenges faced with emerging technologies in the
The potential annual losses in volume and value arepre- A ' st r alian ve getable indu

sented in Figures 5 and 6, respectively. These figures indig;ngeq by Horticulture Australia Limited using the

cate that there is an 80% probability that losses in 2008 vegetable levy and matched funds from the Federal
ranged from 0.2 megatonnes to 0.6 megatonnes. These Government.
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Figure 4. Some factors of product losses due to quality issues (orange boxes) and their impact on
lost value (red boxes) in a typical supply chain forvegetables.
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