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Farm to Table =

farm (harvest) —

tfactory (process)—

market (transportation & sale)—
table (consumpion) — =
spoon (fork, oral)=—

(food safety & &% 2)
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Cold Chain Logistics interactive system
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Strawberries are
harvested in the field.

- l -
r D
New rules require consistent
They might spend 30 min temperature management throughout
to 1 h under the sun. the cold chain.
- »

r 3

They are transported to
the precooling facility.

v

§ Quality control is done at |
the precooling facility
before they are
k. transported to the DC.

|
\ &
- = s
Precooling tunnels bring
temperatures down to the
FDA's required

-

(Mercier et al., 2017)

& thresfolds. y
(- B
Refrigerated containers
are used for New rules require higher-resolution
transportation to the DC. monitoring during long-distance
\ J transportation.

p
Additional quality control
is done at the DC before |
final acceptance.

4 2
They are transported to
the retail store in

refrigerated containers.
& v
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RS A i RGE R

Food product

Optimal storage temperature

Deep-frozen food
Meat
Poultry
Fish
Fruits and concentrated juices
Vegetables
Frozen food
Frozen butter
Chilled food
Fresh meat
Meat products
Manufacturing meat
Poultry
Fish
Dairy products
Fruits and vegetables
Low temperature (apple, blueberry,
carrot, lettuce, etc.)
Moderate temperature (carambola,
melon, pumpkin, etc.)

High temperature (banana, cucumber,

grapefruit, etc.)

—25°Cor colder
—24 °Cor colder
—29°Cor colder
—18°Cor colder
—18°Cor colder
—20°Cor colder

—1.5°C
—2°C
—2°C
—1.5°C
in melting ice (0 °Cto —0.5 °C)
0°Cto2°C

0°Cto2°C
6°Cto9°C

12°Cto16°C
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Consumption
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Straight Center line Sidewall
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20.0

18.0
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8.0 4

Temperature (°C)
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1. Smart packaging (FrE « 25 > SP) i § ek ¥ 8 54 A
PR HTR EF I HA
2. Temperature |nd|cator/recorders (R R 4am B-Tlsdr) @ &8 1%

Rt VR B s4k® * 30 o0 ﬁéf’ mﬁ CRR o

3. Time temperature indicators (= & /8 Jiiﬂ—r CTTI): &7 4
Toafra TR R R I Ed RIS EET
b o

4, Radio frequency identification (&4 %] » RFID) : ¥ & -4
AR EE 20 W jEH BR4AF T AL o

5. Biodegradable plastics (2 4= # & 2% #L) : d 3 i fr2 B
LAchd HE R R 0 e ﬁ«}i{? &% o

6. Actlve packaging (& 1+ & % o AP) q & R e B e
IR % %u(realizing systems) » —‘ﬁ LI R ff]’ii"l N IR U
ts % 4rGuinness Widget (*# /Fy| %) -


Guinness Widget.mp4

%K fABE - 1

7. Modified atmosphere packaging (3 # & % > MAP) @ & & %R
I TG A we#aefawee wE & mFY

8. Multi-layer packaging (Ff & & %) - f# & ¢ &2 8% & w T L 4
*oofe R RA LR GE K e

9. Recycled polyester (£ # & fiz » RPET) @ F 45w Jz » ik
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Intelligent packaging (IP)

IP is an emerging technology that offer the quality N ellioent
information on the package to facilitate decision 4 Packaging

making to achieve the benefits of enhanced food | )

quality and safety. (Yam et al., 2005) SMART

Active packaging (AP) , peliaall

AP is the component responsible for taking some e e
action (for example, release of an antimicrobial) Packaging Packaging

to protect the food product. (YYam et al., 2005)
Smart packaging (SP)

SP is divided into three main categories: AP, IP, = L
and interactive (connected) packaging to faci- i

| @* .
O =

.'
D Diie Hammer, 2019
Lo , https://www.hongkiat.com/b

NS ,h’ log/interactive-packaging/

litate communication with consumers through-
out the supply chain.  (Lydekaityte, 2020)

Interactive packaging
can be part of virtually any packaging supply, simple or complicated. It is an
approach commonly used by brands to get their customers to interact not only

with the product inside, but the packaging itself.
(Dube, 2020) 29
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Food Security | —
JE_ A 2 I IUFoST -- International Union of Foo

(S % 2) Science and Technology ]
IUF0ST-2018, India

(25 billion meals a day by 2025 with healthy, nutritious,
safe and diverse foods.)

% 2025F & X fo@ZSO BRPEE~F R ~FD2F 7

8 R (e g 20174 }_ﬂzéw&!@& c 821 A (MR A 2 )
20221115 » >3k 4 © @ fer & #reL801

JUF0ST 2020 — New Zealand

(By 2050, a global population of 9.8 billion will demand
70% more food than is consumed today.)

7]2050# » 2IFOBRA T HR-ZT R P @ 5 NT70% G
iy E

I[UFOST 2022 — Singapore; 2024 — Rimini (Italy); 2026 — Taipei




Nano Biomaterial
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No action
o~
o
O
)
(o)
w
Q
c
c
o Carbon-neutral
grow

c
2
= Improve fleet Cap net By 2050, net
= fuel efficiency emissions from aviation carbon -50% by 2050

by 1.5% per 2020 through emissions will be

year from carbon-neutral half what they

now to 2020. growth. were in 2005.

L] L) L) L L]
2005 2010 2020 2030 2040 2050
Year
Known technology, operations = Net emissions trajectory

and infrastructure measures . - -
. . =m s ‘No action’ emissions
Biofuels and additional

new-generation technology

InCGING carbon wading (Susan van Dyk, 2017)

Carbon neutral, Net zero, ...
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Nano Biomaterial

#| 8 (Food safety & Food waste) Application Lab.
rAr 1o~ i i‘ff’/ﬂ B3 WA AR
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K .
N 1

> LA 52018 & ok oL 5O 2 B
3 ér_ 13 500 }’j «fL‘ 101 - (Greenpeace International, 2020
)

> R TEE - E DReR 9062 T S LS
PP LA g FT05 20% 0 { B &
a\ E EE g 87 "\:" (% T 323k > 2013 http://viewpoint.pts.org.tw/ptsdoc_video)

‘I
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https://www.greenpeace.org/taiwan/update/21272

Nano Biomaterial
Application Lab.
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a B R https://lwww.huf.org.tw/essay/content/3592
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LOVE FOOD

t2001,03.01

nHE Ay
LN L

2752116806462

T
BRI N &SR - 00

BREEGEHEY, BEM—E2E %,

Reduce food waste and protect our planet.

EENEARS : 109/12/30~110/3/23

N YA oc RS

Labeled fresh food items with sell-by dates to expire in eight hours,

7 8 38 5%

( LB A5t H Round up the last number if it is 6 or more. )
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(https://www.ithome.com.tw/news/138099)
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R KS 23 o Pk (BRAHETAER)
The last date that the
food can maintain the

&
e
H N
\\-Et
=

g X T m = Hp kg 2 ol
3 /f /E ” . F’/\ ,‘:‘,'Zr APES A e R S value of the product
(fs *J'F{ ERT ARSI L & &) under certain storage
CODEX(B™ & St &) -- 4 2% p 8 & (%15 1% 1% conditions
BR - P xS R E & R g )
AP B (EL R e 5
BB G AP Y EEHIL R YRS T G AETR)
¥ X -- — (N 'R ¥v1 5 © g ]
£ -0 B ART (118529 5 FDARLZ: 7 & e % REP B §
PR g PR R GGG M RIS T A
poa--if 7 Ep LR R R R EEFHrpHEFE2 2
Fib--bda* pP(Frep ) \FRFPARF - )
ﬁc’ Eﬂ“"ﬁ BT H EP v A@ifﬁ 2 EP (@:Jf}* T /E\’ rr%') Food expiration dates
2e 401 (58 ¢h £ T I Hp (¥4 % § © refer to food quality,
FAT 9T ! : L E BF Ud =
’ (%F *7"/ o B ) i F2) ("*’} ~ "T,) not food safety




R KPR CPHS/BRESZ LB
Time-temperature indicator (Intelligent packaging)

[ Biological TTI ]

[ Chemical TTI ]

© good © not good © good © notgood V ‘/ x!

(B1 OnVu™, Bizerba, Germany)

(CRYOLOG, Gentilly, France)

[ Physical TTI ]

am INDEXANDICE/
HomitorMrk QEEED © © © ©
SRHID. 7

D on im0 2 345

a0 TRAN

IR, ek o

(VITSAB A.B., Malm€o, Sweden) https://reurl.cc/8N2Lo

A time temperature indicator (TT1) is a device or smart
label that shows the accumulated time-temperature history of

products.
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Bionic engineering

Nano Biomaterial
Application Lab.

Time-temperature indicator (TTI) in the nature.=
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freshcode-label-guideline-varcode-x-innolabel.mp4

= LN BA
Q e olant ¢ LL O Sealed PET boxes
carton @ Hinged PET boxes
® Breathable bags
Plant T @ MAP

““““ || — g
ido ______________ e: center layer

Attach a temperature recorder (No.
1-3) and a schematic diagram of the
position of the LTTI label on the
center layer of the carton containing
the fresh-cut cucumber.

Short left side Center Short right side
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Plant C-logistics B (3PL)

Transportation time Position in the carton
Small carton Small carton Big carton Big carton
(center) (short side) (center) (short side)
Fresy
18 hr
b
Chect
18 18
16 Small carton (center) - 16
wd e Big carton (short side) y
—————— Big carton (center)
06‘ 12 4 — — —  Small carton (short side) 1 06‘
@ o]
P i
= =
Nt Nt
~ ~
b I
g, 2
= g
L% %)
= =
1 -4
2 -2
[ | [ ]
0 T T T T T T T T 0

Transportation time
The temperature profiles of the sample cartons (big carton 50x40x30 cm? and
small carton 54x35x20 cm?) and the response of the coloration of two-component
LTTI label during logistics B (Chiayi to Yilan) in plant C's second field
verification.
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Plant T-logistics C (3PL)

100 | Ipe e aion Prediction error: 3.9% _
o « L |
;a S'MA + 1 : L, 2
T RS
0 |

T T @ T 0

Storage time (day)
The TPC of fresh-cut cucumbers in CP (breathable bags) from plant T and response
coloration of one-component LTTI label (20 ug/cm? laccase, 5 mM guaiacol and 0.10

mM NaN,) during temperature fluctuations storage in the cold chain.

<
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Question 1:

Precision In
uﬁzsm'f?rw A ‘ qu al ity
. (Digitization )
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Question 2:

Convenience
(Bar code)

Question 3:
Price
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Product Configuration
Information
L TEMPMATE®
Senal Number Label Model: TMS90CC403 Hi: +8°C 30 min. (cum) USB lnlerface
n Time: 90 days Lo: 42°C 30 min. (curfi) /
Loggerval: 10 min. Start Delay: 30 min.
TRT
’;;;_( III‘IIIIIIIIIIIIII II II\IIIIHIII | e

! STRY | et

LED Indicator - —\\ m DY ~ Start/Stop Button
Frontside
Start/Stop

Instructions Glue Spot

Serial Number

H

Expiry Date

7 CE

— ROMS

oot (NZAR S 1602
www.tempmate.com

Backside


freshcode-label-guideline-varcode-x-innolabel.mp4
tempmate.®-S1 - 晶片紀錄.mp4

Section 1-Design of barcode LTTI

Barcode of MLTTI

Barcode of SLTTI (Barcodeg 7))

10123

(BaroodeMUTO ‘”lHHHH
‘456?88“

)

4714012 345672
4713012 " 345675 "

- LTTI pouch coloration

Code-mask LTTI (MLTTI)

CIE-Lab
i
y
MLTTI design SLTTI design
Barcode partially masked LTTI pouch embedded in
with LTTI pouch barcode

4714012 " 345672
4" 713012 " 345675 "

Code-shift LTTI (SLTTI)
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Thanks for your attention !

Questions and comments
are welcome!



