Smart Tomatoes

To fully understand the stresses tomatoes are subjected to on their

journey from the field to the consumer, it is necessary to quantify the
damage and stresses the fruit is experiencing along the farm to table
journey to effectively reduce food waste and financial losses. To this end,
this PHI research project focussed on the development of a tomato-
mimicking data logger device (smaTo) to measure the physiological
stresses tomatoes experience along the tomato supply chain.




Next generation technologies i.e.
microchips and 3D printing for real
time tomato fruit quality monitoring

“Undercover tomatoes” equipped with the latest microchip
technology are proving highly effective at finding the weak links in
the local fresh tomato supply chain.

SOUTH AFRICA IS REGARDED AS a world leader in tomato production
best practices, with tomatoes accounting for approximately 18% of the
country’s gross fresh produce production system. Worryingly,
however, the industry’s postharvest losses are among the highest in
the fresh produce sector in sub-Saharan Africa.

As a climacteric fruit, tomatoes are naturally prone to rapid quality
losses after harvest. Decay is compounded by improper handling, poor
sanitation and poorly controlled temperatures during distribution
along the supply chain.

As a result, industry players lose tens of millions of rands every year.
More importantly, food waste at this scale contributes to growing food

insecurity worldwide.

Knowing that a problem
can only be solved once it
has been properly
identified and defined, the

edge microchip technology.
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tomato industry turns to novel technology to help improve
postharvest practices. The outcome of one of its latest projects is
the smaTo — a tomato-mimicking device equipped with cutting-

According to Prof. Lise Korsten, Department of Plant and Soil
Sciences at the University of Pretoria and co-director of the DTS-
NRF Centre of Excellence in Food Security, the only way to
address tomato quality, is to take an all-inclusive supply chain

Photo 1: Rot, mechanical injuries, approach. “We need to fully understand the stresses tomatoes
inadequate storage and poorly used gzre subjected to on their journey from the field to the consumer,

packaging material, combined with
unsuitable handling and lengthy
interrupted transport systems leave fruit
on the plate not edible resulting in food
waste.
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and financial losses,” she says.

and quantify the damage and stresses the fruit is experiencing
along the farm to table journey to effectively reduce food waste




Armed with this knowledge, the industry can change its packing and
packaging practices where necessary, and lobby the appropriate TOMATO TRAVELS
stakeholders for improved transport infrastructure and conditions.

Given their relatively short

“We k h p . . o ‘
e know that damage suffered during transportation and distribution | A e e——.

shows up in bruises and fungal growth at the end of the supply chain —

mainly grown for domestic
use. Between 83% and 87%
of the annual crop is sold

most of which is preventable,” says Prof Korsten. “Ultimately, the aim
is to reduce transport-related tomato damage and resultant losses to

the benefit of the consumers, growers and the national economy.” X
8 y through national and

. . . regional fresh produce
With funding from the tomato industry and the PHI Programme, Prof

markets, with a limited
Korsten and Prof Wynand Steyn, head of the Department of Civil

quantity delivered directly

Engi ing at the Uni ity of Pretoria, tackled the chall .
ngineering at the University of Pretoria, tackled the challenge AR A
together.

small percentage of South
African tomatoes is bought

Under their direction, André Broekman, as part of his PhD in civil
) ) ho develoned simil Hnologies f i | by cross-border traders who
engineering (who deve op.e similar technologies .o-r tracking railway sell produce in Lesotho,
ballast and avocados previously) developed the original smaTo and, . .
th g | hol ) 4 Dr Malick Bil Swaziland, Mozambique,
with post-doc plant pathology/crop protection student, Dr Malick Bill, Botswana and Namibia.

optimised the smaTo data logging process. They were assisted by

Mokgadi Molapo, a third-year BSc plant pathology student, and
Ntambo Mbuya Sylvain, an MSc microbiology student.

Harvested tomatoes are taken to the packhouse to be washed, sorted, packed into boxes before
travelling seven days (18ookm) from Mooketsi, Limpopo Province, to Cape Town .
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Project aim and objectives

The aim of the project was to develop a tomato-
mimicking data logger that monitors, measures and
quantifies all the environmental variables in the
tomato supply chain, from the packhouse to the store
shelf, through physiological sensing.

By analysing and correlating the collected data with
the condition of the tomatoes once they reach their
final destination, a model can be developed to predict

fruit quality and shelf life given specific circumstances.

The outcome is reduced postharvest losses and
improved product quality and reliability.

To achieve its aim, the project had three objectives:

1. Develop and optimise the smaTo data logger for
physiological sensing.

2. Use the smaTo device to monitor the tomato
supply chain and identify inefficiencies.

3. Correlate fruit losses to supply chain environment
and make recommendations to the industry.

Workplan and methodology
i Device design and testing

Photo 2: The original smaTo datalogger device
was developed by André Broekman. Dr Malick
Bill optimized the smaTo datalogger process.
They were assisted by Mokgadi Molapo and
Ntambo Mbuya Sylvain.

It is no secret that acceleration and interfacial stresses during transportation directly influence the
postharvest quality and shelf life of tomatoes. These impacts are commonly measured using tri-axis

accelerometer devices installed in flexible pressure mats that are placed at the bottom of smaller boxes

and in the middle of larger bins of tomatoes.

Photo 3: Three smaTo devices were placed at different levels in the same box of tomatoes. The box was
positioned at the highest point in the truck to ensure the greatest amplitude during acceleration.
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While these devices provide highly accurate data at a suitable frequency, they have practical limitations:
significant human resources and installation time is required, instruments depend on external power
sources, and systematic errors occur as the fruits cannot be directly instrumented on a discrete or
mesoscale.

In contemplating improved measurement options, the project team decided the best way is to get inside
the tomato’s skin, in a manner of speaking. Hence, they designed a data logger that has the shape, size,
mass and texture of a mature tomato. Called the smaTo, the device is battery operated and fitted with a
microchip that, through physiological sensing, captures temperature, humidity, vibration and
abrasiveness data. The miniaturised electronics are sealed off in a waterproof enclosure and surrounded
by a 3D-printed shell that replicates the elasticity and surface contact properties of a tomato.

In addition to be quick, easy and cost effective to manufacture, the smaTo can be introduced and
removed at any point along the transportation and processing chain. The microchips can also be
programmed according to each project’s specifications, courtesy of open-source software.

To meet objective 1, the smaTo’s data were compared to data

TOMATO INDUSTRY
IN BULLETS

captured from conventional apparatus, e.g., thermometers and
thermocouples, to ensure reliability and accuracy. The hardware
architecture and design of the prototype were also fine-tuned to

e  Tomatoes are one of enhance data accuracy.

consumers’ favourite
foods. In South Africa, it ii.
accounts for 24% of all
the vegetables produced
—second only to
potatoes.

* The industry employs
between 25 000 and 28
000 people a year, with
increased numbers

Pilot study
To test its performance (and meet objective 2), a pilot study was done
using the tomato supply chain from the ZZ2 packhouse in Mooketsi,
Limpopo Province, to the Tshwane fresh produce market in Gauteng
Province.

Both smaTo devices and conventional data loggers were placed
randomly in 10 tomato cartons in five pallets at the ZZ2 packhouse to

during the summer
months when production
volumes are higher.

SA is one of only a few
countries that can
produce tomatoes
throughout the year.
Most of the 600 000
tonnes of tomatoes
produced every year, are
locally consumed.
Tomato exports to
neighbouring African
countries: 900 tonnes
(i.e. 1000 pallets) per
month = R97, 2 million

capture temperature, humidity, pressure, vibration and abrasiveness
data during transportation.

The data gathered by the different devices were compared and used to
optimise the smaTo. The trial was repeated, using a randomised
complete block design.

Main study
Having done some alterations inspired by the pilot study, the project
team deployed the optimised smaTo device to monitor what happens
to tomatoes during a long-distance trip (1 800km) from Mooketsi to
Cape Town. smaTo loggers were placed randomly in 5 tagged cartons.

Upon arrival at the Cape Town market, fruit losses due to physiological
disorders and pathogenic damage (rots) were quantified. The data
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gathered during the trip were correlated to the losses — thus
satisfying objective 3 — and the team identified anomalies in
the cold chain increased vibration damage and fungal growth
with data still to be confirmed. This information will be used
to make recommendations to stakeholders to address
problematic nodes in the tomato supply chain.

The trial will be repeated twice for each supply chain and a
randomised complete block design will be used in this study.

Key results

The newly developed smaTo data logger prototype is working
effectively and can be further developed to improve accuracy and
sensitivity. The data collected by SmaTo during two short and one
long-distance farm-to-market trips were correlated to losses and
anomalies in the cold chain, and a list of recommendations have
been compiled on how to prevent or reduce diversions from best
practices. The key in transport remain stacking, placement of
pallets and packaging in carton boxes. The key issue is not to put
pressure on the fruit but on the box, therefore strong packaging
material remain key to quality assurance.

“The trip from Mooketsi to Cape Town was a classic example of
squeezing a perfect fruit into a box and expecting it to emerge
equally perfect after seven days of hard travelling,” says Prof
Korsten. “In reality, the tomatoes arrived bruised and with
evidence of fungal growth.”

ECONOMIC IMPACT OF

THIS PROJECT

The potential return on the

research investment is

considerable:

Annually, tomatoes to the
value of R30 million are lost
due to handling, logistics and
cold chain inefficiencies.
Between R16 million and R27
million can be saved per year
if only 1% improvement in
product quality can be
realised.

If the shelf life of tomatoes
can be extended by between
one and three days, which is
entirely feasible with an
improvement in transport
conditions, an additional R20
million worth of tomatoes
can be saved per season.

The research team isolated a variety of secondary fungi, including Peniciliium, Alternaria and Rhizopus spp.

“The time has come to consider fruit-friendly packaging designs,” says Prof Korsten. “Everybody in the

supply chain should handle deciduous fruit like new-born babies instead of rugby balls, which is the on the

ground reality.”

Beyond its immediate application, the smaTo technology can be refined to enhance traceability within food

safety systems and track products along the supply chain to pinpoint breaks in the cold chain and identify

hot spots. END
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Figure 1: smaTo 2 GPS plot of the journey.

Based on the first rapid change in barometric air pressure - a clear sign that the vehicle is on the move -
the truck left the facility in Mooketsi exactly an hour after the smaTo devices were installed. In addition
to the geolocation of the truck, the GPS records its speed and direction.
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Figure 2: Vector acceleration measurements of the three smaTos.

Error! Reference source not found. illustrates the GPS coordinates of the entire 360 km journey from
Mooketsi to the Tswane fresh produce market, according to Google Earth.
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Figure 3: Barometric air pressure measurements from the three smaTos.

Figure 4: Google Earth elevation profile of the journey from the packhouse in Mooketsi, Limpopo
Province, to the Tswane fresh produce market.
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