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1) Perishable supply chains and temperature control :
-During transport

-During storage

-At retail and beyond

2) Systems for monitoring temperature

3) Case study 1: fresh oysters

4) Case study 2: Peut lettuce

5) Summary

Food Chain Intelligence
KNOWLEDGE...INNOVATION...ACTION



q_.pf Typical Perishables Supply Chains:
FoodChain FreshCuts

INTELLIGENCE

Food Chain Intelligence
KNOWLEDGE...INNOVATION...ACTION



q_-cf Transport systems
FoodChain

INTELLIGENCE

Typ i Ca.l te m p e ratu re TRUCK/TRAILER/SEMI-TRAILER (SHORT/

profiles

TYPICAL
TRANSPORT MODE VOYAGE
TIMES
E-. 1TO 12 HRS
VAN OR COMPARTMENT IN MULTI-
TEMPERATURE TRUCK (URBAN/SHORT-
DISTANCE DISTRIBUTION)
12 HRS TO
3DAYS
LONG-DISTANCE DISTRIBUTION)
3TO 16 DAYS
RAIL (LONG-DISTANCE DISTRIBUTION)
1 TO 100 HRS
AIRPLANE (LONG-DISTANCE DISTRIBUTION)
[ ]
0000
3DAYSTO2
MONTHS

Food Chain Intelligence SHIP (LONG-DISTANCE DISTRIBUTION)
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q_-pf Transport systems

TYPICAL
—n TRANSPORT MODE VOYAGE
FoodCham TIMES
INTELLIGENCE
1TO 12 HRS

VAN OR COMPARTMENT IN MULTI
TEMPERATURE TRUCK (URBAN/ZHORT-
DISTANCE DISTRIBUTION

\/
12 HRS TO
3 DAYS

TRUCK/TRAILER/SEMI-TRAILER (SHORT/
LONG-DISTANCE DISTRIBUTION)

3TO 16 DAYS

RAIL (LONG-DISTANCE DISTRIBUTION)

A N

AIRPLANE (LONG-DISTANCE DISTRIBUTION)

1TO 100 HRS

Multi-compartment, mult ot
drop units

Food Chain Intelligence SHIP (L ONG-DISTANCE DISTRIBUTION)
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Temperature (°C)

11

10 +

Product temperature and
microbial growth during

transport in multi-delivery truck

! I I ! I
50 100 150 200
Time (min)

Pseudmonads generations

Delivery order (e.g. bin 1 was delivered first)
1.0 -

0.8 -

0.6

0.4 -
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0.0
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Refrigerated truck -

TYPICAL
TRANSPORT MODE VOYAGE
TIMES
M) M) 1TO 12 HRS
VAN OR COMPARTMENT IN MULTI-
TEMPERATURE TRUCK (URBAN/SHORT-
DISTAMNEE DISTRIBUTTOMN
12 HRS TO
3 DAYS
TRUCK/TRAILER/SEMI-TRAILER (SHORT/
ONG-DISTANCE DISTRIBUZAON
3TO 16 DAYS
RAIL (LONG-DISTANCE DISTRIBUTION)
1TO 100 HRS
AIRPLANE (LONG-DISTANCE DISTRIBUTION)
xxx
3DAYSTO 2
MONTHS

Food Chain Intelligence SHIP (L ONG-DISTANCE DISTRIBUTION)
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FoogiChagin Truck shipment othilled freshcut salads from

Brisbane to Sydney
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Reefer containers

Food Chain Intelligence
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TYPICAL
TRANSPORT MODE VOYAGE
TIMES
N ® 1TO 12 HRS
VAN OR COMPARTMENT IN MULTI-
TEMPERATURE TRUCK (URBAN/SHORT-
DISTANCE DISTRIBUTION)
12 HRS TO
3DAYS
TRUCK/TRAILER/SEMI-TRAILER (SHORT/
LONG-DISTANCE DISTRIBUTION)
RAIL (LONG-DISTANCE DISTRIBUTION)
1 TO 100 HRS
AIRPLAXE (LONG-DISTANCE DISTRIBUTION
3DAYSTO2
MONTHS

SHIP (LONG-DISTANCE DISTRIBUTION)
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800 -

700 -
. Industry Recommended Tolerance

600 -

500

400 H

300 -

Frequency (000's)

200

100 -

2 -1 o 1 =2 3 4 5 6 7 8 9 10
Temperature (°C)

Frequency distribution and cumulative percentage fqailet temperature
measurements made in a kiwifruit container travelling from New Zealand to Europe. Tl
container air delivery sgioint was- 0.5 C and the industry recommended product
tolerance (OC £ 0.5 C for this shipment) is shown in gréyanner & Amos, 2003)
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o Cleland, D.J. 2010. Temperature control
and energy efficiency in cold storage. 1t
International IIR Cold Chain Conference.

111

Food Chain Intelligence
KNOWLEDGE...INNOVATION...ACTION



(Fcf Cold storage
FoodChain

INTELLIGENCE

|
|

Cleland, D.J. 2010. Temperature control and
energy efficiency in cold storage. 1%t
International IR Cold Chain Conference.

[hrough
Walls

Through
Walls
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Derens et al. 2007. The food cold chain in France. IIR Conference 2007.  \/
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20,0
_refrigerator door
o left open
15.0
o100 T I
. i * i
: E-UITITIIT T"T I[I—'I' UT [ TT TTITIT
T ‘|3 | ieTt]|iq01 l
s IJ, Il il l:.,L*II_T_ l *II‘T 834108 1]
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1 4 7 5 12 14 17 22 ¥ 2% 34 3T 39 42 45 48 50 33 55
Refrigerator ID number
& Mean # Mecian ® Minimum ® Maximum
Figure 5: Temperature data for fridges with good seals
Food Chain Intelligence NSW Food Authority, 2009
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20.0

..J..E-:J-..-.. R

A7 fridges tested.

A3% of the fridges had aaverage T>%&.
A% had an average T %%

A8% of the fridges had at least one period where the temperatire
stayed above recommended levels bhours or more
2 fridges stayed above proper temperatures for thieole weekend

they were monitored.

Figure 5: Temperature data for fridges with good seals

Food Chain Intelligence NSW Food Authority, 2009
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VERITEC KOOLTRACK FOURIER SYSTEMS

COLE-PARMER

TEMPTALE 4

LOGTAG Templale.4



http://www.microdaq.com/fourier/microlog_plus/ec700.php
http://www.microdaq.com/logtag/trix-8.php
http://www.tinytag.info/products/product_Loggers_detail.asp?157,0,1,0,0
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TIAND TTI

Arrhenius Plot

] bl b DNBP : /tlday 1 day 2days  3days Sdays 7days 10days 14days \

colour bleaching of anc ! { ! X \ | \ \

| bacteria growth rate on fresh pork ' ' ' ' ' ' ' ' e
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i< >80

OnVu (http://www.onvu.com/). Bayreuth, Germany
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SMART-TRACE SERVER /

SUPPLIER 2. Supplier attaches

the Smart-Trace tag
ta a carton on the pallet.

1.
Supplier scans tag &
pallet load. Data sent

to Smart-Trace server. -

-Smart/Trace-

3.

4. RDC Manager/QA alerted if
goods on trailer are
temperature abused

RDC

Firm-ﬁ_"\ Za o
pﬂ:pl:\": 2 L "%
/ Sorting

Receiving

\

Shipping

Tags repeatedly
send their data

to Server via

gateway on trailer 5. New pallet load built at RDC

Tags from Supplier remain on
a carton

Monitoring between Supplier, RDC, and Retailer Store

Food Chain Intelligence
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6. Taas repeatedly

RFIDIraceability & Monitoring

7. Store & RDC alerted if
goods on trailer are
temperature abused

RETAILER
STORE

>

send their data
to Server via
gateway on trailer

8. Additional tag data
callected while tagged
carton sits on Retailer
dock and in cool rooms

© Ceebran Pty Limited 2008



But monitoring temperature does not
always translate into monitoring
product quality.

More sophisticated systems are needed.

Food Chain Intelligence
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CASE STUDY 1

Survival oVibrio

parahaemolyticusnd
spoilagerisks In the supply 34
chain oflive oysters

Tamplin, M., Fernandez-Piquer, J., Estrada-Flores, S.
2010
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A short domestic supply chain

Transfer to

Sorting/

: : . Transfer to Loading in
Collection processing| | preparation Storage
shed / packaging storage truck
4 N\ ) 4
Unloading Retail shelves
\_ /O J \_

Food Chain Intelligence
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From: e clay, tasmania, australia
To: javerton north,melbourne, victoria

‘ ' Pipe Clay Bay TAS, Australia

555 km - about 12 hours 3 mins
1. Head northwest on White St 0.2 km
2. Continue onto South St 0.4km

3. S;umgt turns shghtly leﬁ and 05 k'm i
becomes Mary St

4. Tumright at Victoria St 13km

5. Turnright at East Tamar Hwy 16.5 km
Go through 1 roundabout

6. Tutn right at Batman Hwy 97km

7. Continue onto Spring HillRd 1.4 km

8. Tutnright at West Tamar Hwy 6.6 km

9. Slight left at Greens Beach Rd 6.8 km

10. Turn left at Bowens Rd 124 km

11. Continue onto Browns Creek 59 km
Rd

12. Turn left at Bakers BeachRd 8.6 km

13. Tumright at Frankford RA 52 km

14. Tumn right to stay on 25km
Frankford Rd

15. Turn left to stay on Frankford 13.3 km
Rd

16. Continue onto Piping Ln  05km ¥/

Satellite

From:

20
21
22
23
24
25
26.

27

To:

hastinoz bay, tasmania, australia
brisbane |
| By car [QJ | Metric
Tutn right at Mitchells Rd
Take the 1st right onto
Jefferys Trk
Turn left at East West Trl 0.4 km
Contite onto Jefferys Trk 23 km
Slight left at HydehurstRd 0.4 km
Continge onto Lachlan Rd 7.4 km
Contirge onto Humphrey 5t 0.7 km
Tutn left at George St 0.1 kam
Tutn right at Blair 5t 0.4 km
Atthe roundabout, take the  21.7 km
2nd exit onto Lyell Hwy
Tutn right at Marked Tree 161 km
Rd
Tutn right at Hollow Tree R4 2153 kam
Continge onto William 5t 0.3 km
Tutn left at Lake Hwy 20.1 km

Tutn left to stay on Lake Hwy 0.6 km
Turn left to stay on Lake Hwy 154 km

Tutn right at Riversdale Rd

Take the 1st lefi toward
Bogan Rd

Tutn left at Bogan Rd
Tutn left at Quamby Brook

0.3 km
23km

2.4 km

.6 km @

Terrain

Hastings Bay Esplanade, Hastings

TAZTIOD, Australia
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Temperature, °C

20

18-

16-

144

12-

10-

Scenario planning: average

Transport_domestis
Harvest_loc . -
/] Load Unload i
transport_truck 7
storage _domesti¢
Storage_farm
Storage |retalil i
10 0 10 20 30 40 50 60 70
Time, hr

Food Chain Intelligence
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To use this tool as intended, size the window so that you can see cells A1 to N31 at least. For more instructions click on the "Read me" tab at the bottom of the screen.

DATA ENTRY

If known, enter initial count (logCFU per g) in the spaces below:

V. parahaemolyticus

Alternatively, if the initial V. parahaemolyticus count
is not known, enter the water temperature at time of
harvest here.

Total Viable Count
(If not known, leave cell blank).

Enter times and temperatures in the spaces below:
Average
temperature
(°C)

n.b. the top part of this screen is 'frozen'. Scroll down to reveal more stages (up to

245 stages available).

Stage Duration

Stage No. Description (h)

Vibrio parahaemolyticus in Oysters:
growth predictor ("Scenario Design")

food
safety

Time elapsed (days)

0.17 logCFU per

Predicted V. parahaemolyticus
(logCFU per g)

Growth in Count at end

this Stage: of stage
0.000 0.770
0.435 1.205

centre
RESULTS

10.0 25.0

9.0 [
— I\u
g 8.0 \\\ 20.0
“:é 7.0 —_
B 60 | e 15.0 &
= cal S T y
E- 50+ T 3
n m
5 4.0 Predicted V. parahaemolyticus count 10.0 T
a o
= 3.0 E
= . . @
_g 2.0 Predicted Total Viable Count 5.0 -
'é 1.0 -~ —== Temperature("cj———

0.0 0.0

0 2 4 6 8

7 logCFU per gram

Predicted Total Aercbic Count

(TVC) (logCFU per g)
Growth in ] Count at end
this Stage: of stage
0.000 2.000
0.630 2.630
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Transport_domestis
20- Harvest ﬁ

:

18-

o Load Unload

: Truck transpart
o storage_domesti¢

Storage at farm

6 Retail shFIves |

4 T I I I I I gw
-10 0 10 20 30 40 5 -
Time, hr

Food Chain Intelligence
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To be ablg to use this sheet correctly, enusre that you can see cells Al to 040

', ‘i Vibrio parahaemolyticus in Oysters: food
AUSTRAUIAN growth predictor ("Data Logger” version) centre

DATA ENTRY RESULTS

If known, enter initial count (logCFU/g) in the Initial level (log10cfu/qg) of V. parahaemaolyticus 0.77 Initital Level (log10cfu/g) of TVC 6.00
spaces below. If not known, leave blank.

V. parahaemolyticus (logCFU/g) %////%

Alternatively, if the initial V.

parahaemolyticus count is not known,

enter the water temperature at time of

harvest here. (Otherwise, leave blank)

Predicted increase (log10cfu/qg) in V. Predicted increase (log10cfu/g) in 2.10
parahaemolyticus TVC

Final level (log10cfu/g) of V. parahaemolyticus Final Level (log10cfu/g) of TVC 8.10

The chart below shows the expected change in Vibrio parahaemolyticus load over time after harvest

Total Viable Count (logCFU/g) 6

(If not known, leave cell blank). 10 —— . parshasmolyticus count 30
- - 3 Total Vizble Count
Enter time and date that logging started, =
below: 8 Temparature [*C)
C
Start Date (dd/mm/yyyy) 4/05/2010 *5-.“ 20
L 6 5}
Start time (hh:mm) g —
: = ® 5 15 @
— =
Enter the time interval between E 4 E
temperature readings below @ 10 <
c 3
S ;
(minutes) T 2 s -
2
-
= 0 0
(n.b. model is only accurate for temperatures “‘;} % ““é g“‘ “g“ ‘§~
< 30.5°C) < <z < = < =
Cut-and-Paste logged temperature g g g g g g
(°C) data in the white cells below: - Pt - o - o
4/05/2010 15:30 25 = 8 = 8 2 g

4/05/2010 18:30 25
4/05/2010 21:30 20
5/05/2010 0:30 18
5/05/2010 3:30 15

Date and Time



Probability

011

0.10

0.09

0.08

0.0v

0.08

0.0s

0.04

0.03

0.02

0.07

0.00

Histogram - TVC after each supply chain stage
After preparation

j After storage at farm

After road transport

\

——

24 30 36 42 48 54 B0 BE 72 78 84 H0 96
Units = log CFUIg

After retail storage before purchase

B sC-Initial TVC, SUMMER

B SC-TYiC after collection before preparation
T 3C-TvC after loading in truck

| SC-TV(C after preparation

B SC-TYC after road transport

|| 3C-TVC after storage at farm

|| SC-TV(C after transfer to storage

B SC-TYC after unloading fram truck

B SC-TVC in retail, befare consumer purchase

SC-TVC after consumer transport



,__p,d Effect of storagéemperaturesand times
I__(r d‘('fh' , measuredn Tasmaniamyster farms on qualit
()/Quucb\#cétun and COStS

Data

015
a7
016
015
014
013
012
.11
010
0.08

ative frequency

= 005

Re

0.ov
0.0&
0.05
0.04
0.03
0.0z
0.0

Limit Drcetined

0.00
3.00 4.00 5.00 G.00 F.00 g.00 3.00 1000 1100 1200
values



Effect of storagéemperaturesand times

L1 . .
FQZ!(C:E , measuredn Tasmaniamyster farms on qualit
1N
OII\(I)TELLIGENCEEI and COStS

Histogram Plot for Storage time at farm

003 -

0.or -

006 -

005 -

B storsge time =t farm

Probability
=

0.00 T I

20
Units = hrs

Food Chain Intelligence
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<.'='C"g Cold storage

18
164 '~
\
\ Centre
144 |
O \
- \
o 12- \
=) \
g \ Surface
S 10- v e
() ~
I— - J/
8_ i —
6 R
4 T T T T T T T T
0 5 10 15 20 25 30 35 45
— — 10,10,10 - Temperature Time, hr
i — 11,1 - Tenperature

.4: Oysters in Hessian sacks loaded onto a pallet.

Food Chain Intelligence
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ECT What does this mean in terms of

in pallet coolin@@

Cooling of Australian pallet (1.165 x 1.165 x 0.5 m), initial T=17 °C,
Heat transfer coefficient = 18 W/m?2°C

18

=
[=a}

Cold store
temperature

=
v

—0C
—2C

\
N &
1NN

SN T

0 20 40 60 80 100 120 140 160 180 200 220 240 260

=
w

Mean pallet temperature (°C)

——
/

Time to reach 10 °C




q{f Cooling tlr_n§§ as a function of cold
FoodChain Store and initial temperatures
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Example: Australian pallet (1.165 x 1.165 x 0.5 m), heat transfer
coefficient = 18 W/m?°C

180

140 Cold store
S temperature
80 / —_—0
. / .
4__-’--—___-‘
60 / / —10
40 / _——

12 14 16 18 20 22 24 26 28 30

Time to reach 10 °C
o o
o o
!

Initial temperature of oysters (°C)




<ECT Comparison of cold storage costs

Bl Refrigeration Loads Analyser - [C:\MIRINZ\OYSTER.RLR]

FOOdChaln File Edik “iew Description Profiles Recalculake  Window  Help
INTELLIGENCE
Notes:
(Mo notes)
Room data:
Power factor 0.8 Tas electricity code 2005 Operation type: Continuous
Length 20m
Peak power charge 5154.59 per kVA/year Width 19m
Energy cost 0.19 per kW Height drm
ey > P Cycle length: 24hr
(load-in to load-out)
Load cycle length: 24hr
{load-in to load-in)
Loading start time: Shr
Loading duration: ghr

(start of load-in to
end of load-in)

Assumptions of energy costs from Loading rate: 100¢hr
. Relative Humidity: 90%
the Aurora Enel’gy WebS|te Fan Power: Jalki
. Refrigeration on during loading: fes
(http//WWWEIU roraenergy.com 'aU/)’ Refrigeration on after loading: Yes
Lighting Pawer; 1.6kMWY
August 2010 Lights on during loading: fes
Lights on after loading: Mo
Temperature vs. time profile:
Time (hr) Temperature (°C)
a 12
Fanspeed vs. time profile:
Tirne (hr) Fan speed (%)
a 100

Food Chain Intelligence
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http://www.auroraenergy.com.au/

ECT Comparison of cold storage costs

Fo(

IN Heat loads in a 24-hr cycle
50

40
/ \L —Door total heatload
35 ——Electrical heatload

——Fan heatload

2 30
- —Floor heatload
®
o 25 —Lighting heatload
E 20 ——Milisc. total heatload
——People total heatload
15

—Product total heatload

10 Structural heatload
/ \ —Surfaces total heatload

° / \¥ —Total heatload

0 L - A -

0 5 10 15 20 25

Time, hrs

Food Chain Intelligence
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Heat loads in a 24-hr cycle
80
70 //—"'"__\\
60 M
50 / \
2
- —10cC
©
S 40 —ac
5 — —6C
I
30 _sc
50 —12¢C
10
0
0 5 10 15 20 25

Time, hrs
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Probability

.05 -

0.av -

0.08 -

0.0s -

0.04 -

0.03 -

0.0z -

0. -

0.00

6.0

Histogram Plot

)
/

Probabilities of
spoilage for each
cold store

temperature

1 I
72 7A Ta
Units = log CFU/g

. At farm example (10 C), &t retail
- At farm example (12 C, &t retail
At farm example (4 C), &t retail
[ At farm example (6 C), at retail
[T &t farm example (5 C), at retsil
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ECT Summary of results

FoodChain Cost assumptions from CDI Pinnacle report, 2008

INTELLIGENCE

Yearly production (dozens) 3,528,501.00

Cost/dozen (at farm) S 5.00

Estimated value of annual

TAS production 517,642,505.00
Results

Possibilities of
exceeding 7.9

Temperature log CFU/g Cold storage cost Cost of loss of product
4C 7.0% 5 166,445.97 5 1,234,975.35
b6C 9.4% S 158,687.03 S5 1,658,395.47
8 C 12.3% S 150,931.67 S 2,170,028.12
10C 16.4% S 143,181.63 S 2,893,370.82
12 C 22.0% S 135,445.05 S 3,881,351.10

Food Chain Intelligence
KNOWLEDGE...INNOVATION...ACTION



4
FCT

FoodChain

INTELLIGENCE

CASE STUDY 2

Growth ofListeria
monocytogenes the
supply chain opre-cut
lettuce

Authors: Higgins, A*., Estrada-Flores, S., Prestwidge,
D*. 2010
*CSIRO Ecosystems Sciences

Food Chain Intelligence
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EXAMPLE OF COMMERCIAL SUPPLY CHAIN FOR

FRESH CUT LETTUCE

T distri

tion at storage of

aterials;

typical storage times before processing (4-8

hrs) were also modelled through a normal

ontract Farms —
Stanthorpe

Transport, 3 hrs
after harvest,
220C

N

ibution.

Complex su

Packaging distribution from 0.1 to 0.5 a.

PROCESSING PLANT
-bag leafy salads, ceaser salad, pasts
salad

Individual
packaging

rim area and
wash lines

eafy green

> . and boxing
line - Mixed
into dished

In factory
storage

Entire processing (<30 mins) and storage <5 degrees
Time between receival and dispatch < 24 hrs

Receivals
=24hrs,<5
degrees

pin dry and
stack in bins

T distribution at storage of finished
products; typical storage times before
processing (4-8 hrs) were also modelled
through a normal distribution,

Transport, 40

minutes < 5
degrees

T distribution during transport:
typical transport times (>18 hrs)
were also modelled using a
normal distribution

Processor Central
Warehouse
5 degrees, <12
hours

T distribution during transport:
typical transport times (< 2 hrs)
were also modelled using a
normal distribution,

ply chains

T distribution during retail (all shops);
typical retail times (24-48 hrs) were also
modelled through a normal distribution.

Transport, 1
hour < 5 degrees

Supermarkets

MSC1
Townsville
=24 hr

MSC1 Brisbane
<24 hrs,
unknown temp

Supermarkets

MSC 2 Brisbane
<24 hrs,
unknown temp

Supermarkets

Supermarkets

T distribution before
consumption ; typical storage
times before UBD (72-216 hrs)
were also modelled through a
normal distribution.

Consumer
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Example of a
potential
scenario: from
harvest in QLD
to a consumer
In QLD

Some results

kStage

Stage_Typ Process_N Process_Type

1 Harvesting
2 ldletime
3 Transport
4 Storage
4 Storage
5 Trimming
5 Trimming
6 Washing
6 Washing
7 Spinning
8 Stacking
9 Packaging
9 Packaging
10 Storage
10 Storage
11 Transport
11 Transport
12 Storage
13 Transport
14 Storage
14 Storage
15 Transport
16 Consumer
16 Consumer

1 Growth

1 Growth

1 Growth

1 T fit-StorageProcess
2 Growth

1 Growth

2 Removal

1 Growth

2 Washing

1 Growth

1 Growth

1 Growth

2 Partitioning

1 T_fit-StorageProcess
2 Growth

1 T_fit-TransportRetail_Town
2 Growth

1 Growth

1 Growth

1 T fit-StorageRetalil

2 Growth

1 Growth

1 T _fit-StorageConsumer
2 Growth

Food Chain Intelligence
KNOWLEDGE...INNOVATION...ACTION

Temperature TkoC Time of stage, Dk,

22.0000
22.0000
5.0000
3.0074
3.0074
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
3.0624
3.0624
3.0875
3.0875
5.0000
4.0000
7.9946
7.9946
22.0000
5.3250
5.3250

2.000C
1.000C
2.000C
8.102C
8.102C
0.300C
0.300C
0.100C
0.100C
0.100C
0.500C
0.100C
0.100C
8.077z
8.077z
1.749¢
1.749¢
5.000C
1.000C
48.762¢
48.762¢
1.000C
212.050z2
212.050z



Some results




