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WHAT MAKES A PACKAGE SUSTAINABLE?

= Two-thirds (67%) of consumers consider it important that the product
they buy are in recyclable packaging,

= More than half (54%) take sustainable packaging into consideration
when selecting a product.
OPTIMIZED LONG-TERM .
DISPOSAL PACKAGING cosT = Younger consumers — those 44 years and younger — are leading the

OPTIONS EFFICIENCY
charge, with 83% reporting that they are willing to pay more for it,
ompared to 70% of 3 onsyme IIT ROORKEE H E =E

SUSTAINABLY
CED



https://triviumpackaging.com/sustainability/2021BuyingGreenReport.pdf

Paper Packaging Trends
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Smart Packaging

Printing Tehniques

Recycled VS virgin material
Prof. Kirtiraj K. Gaikwad




Photochromic Paper Indicators for Acidic Food Spoilage Detection

Photochromic Paper
<A PR,

Preparation of FP/SP-PHEMA

The FP (2x2cm? and approx. 400um

thick) was impregnated through W
immersion in a 3% wt. and in a =
25% wt. SP-PHEMA polymer R=0|
solution in ethanol for 30 s and
dried at room temperature.

MC

No Acid vapors

44 : ’ ;
Acid vapors t-L'd
M Unspoiled

Spoiled

= A photochromic composite based on Filter Paper/SP-PHEMA was fabricated
successfully.

= By monitoring samples of milk and red wine for1o days using FP/SP-PHEMA
cap (based on pH & total acidity)

= Owing to its outstanding photochromic performance and the acidochromic
detection in combination with the low-cost and renewability of the paper
substrate, the developed material constitutes ideal smart chips and caps for
smart packaging that would allow the in situ assessment of the shelf life of
food products against counterfeiting and microbial contaminations.

SP-PHEMA: SP-modified poly(2-hydroxyethylmethacrylate
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Maria E. Genovese et al., Photochromic Paper Indicators for Acidic Food Spoilage Detection. ACS Omega 2018 3 (10), 13484-13493. DOI: 10.1021/acsomega.8b02570



A paper-based Colorimetric Indicator Label using Natural
Dye for Monitoring Shrimp Spoilage
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. - Summary
* A simple method of detecting shrimp freshness has been
Fresh Limits It should over developed using indicator labels using colored cellulosic
can still not be spoiled paper with Ruellia simplex flower extract.
be consumed * The color change of the indicator label from the purplish pink
consumed color to the purplish blue, then turns further into greenish-

gray and becomes yellowish gray, can be used to express the
quality of the shrimp from the fresh to the already rotten

sequentially. 11 TROORKEE M H N

A. Listyarini et al 2018 IOP Conf. Ser.: Mater. Sci. Eng. 367 012045. d0i:10.1088/1757-899X/367/1/012045
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(A) cs Water e wee | * Images of the front (A) and back (B) of original
LR g %SW %SW %Wm % paper and of the front (C) and back (D) of a

' ' multilayer-modified paper after dripping oil.
© (B) w/ * Application images of fried chicken wings placed

(E) and removed (F) on original paper and fried
OH OCH,CO0Na OH
HO 4] HO
Ho\m OF&/OW\OH S
OCH,COONa = n OCH,COONa Step (2)
CMC

chicken wings placed (G) and removed (H) on a
(C) [ raper N/ cs W\ omc

(CS/CMC), multilayer-modified paper.
= Successfully prepared a cellulose fiber-based food
packaging paper that improved mechanical, barrier, and
antibacterial properties using LBL assembly of CS and
CMC.

* The paper modified with a (CS/CMC). multilayer exhibited
an obvious improvement in barrier against grease, oil, and
water.

= The cytotoxicity assay results demonstrated the prepared
functional food packaging paper was non-toxic

Hongbo Shi et al. Food Bioscience, 2022. Vol. 48, 101729. https://doi.org/10.1016/j.fbio.2022.101729




Development of a novel, sustainable, cellulose-based food packaging

material and its application for pears
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Methodolagy
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Fulvic Acid

Formulation of antimicrobial coating Electro spraying on Paper

Sericin

Electrospray technology was practical to coat active
molecules on paper.

Fulvic acid and sericin mixtures can be effectively used as
active molecules

Fulvic acid a type of humic acid is a water-soluble substance
produced through the decomposition and transformation of
microbial substance that can exhibit antimicrobial and anti-
inflammatory properties

Coated paper exhibits enhanced functionalities e.g.
antimicrobial and antioxidant activity

Sensory analyses revealed that samples stored in the active
packaging material were consumable for a longer period than
those packed in other packaging materials

Active-packaged
group

ql

Uncoated-packaged
group
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Ormanli, E., et. al., (2023). Food Chemistry, 136719.


https://www.sciencedirect.com/topics/chemistry/fulvic-acid
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/sericin

Colorimetric paper sensor for food spoilage based on
biogenic amine monitoring.

¢ A user-friendly colorimetric sensing paper able to detect BAs via the naked eye.

** The sensing molecule is the aglycone genipin, a natural cross-linking agent
extracted from gardenia fruit, able to bind BAs producing water-soluble blue
pigments.

¢ Genipin was entrapped into a paper sensor to provide a disposable device for
BAs, suitable for integration into smart packaging

¢+ The paper-based sensor described here allows quantitative measurements of
BAs using small volumes of samples and, thanks to the high intensity of the
colorimetric signal, enables quantitative smartphone-based detection.

¢+ The paper sensor was applied to chicken meat quality monitoring

Calabretta, M. M., Gregucci, D., Desiderio, R., & Michelini, E. (2023). Biosensors, 13(1), 126.



Antimicrobial Paper

Antimicrobial Paper Packaging

Paper Making <

%

Commonly used antimicrobial agents for direct addition or in the form of coatings
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* Butyric Acid,
e Valeric Acid,
*  Monopropionin,

Organic acids

| b

h

Sodium formate
and
Sodium benzoate

*  Monobutyrin, * Pottassium
* Monovalerin, Sorbate
* Monolaurin,

Plant derived
Essential oils  Sage
 Rosemary * OQOregano
* C(Cloves  Basil
 Horseradish e Thyme
« (Cinnamon » Lavender

Antimicrobial
agents
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Microbial derived J
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Bacteriocins * Enterocin,
* Nisin, » Lactococcin A,
* Leucocin, e Bifidin,
 Lactocin, * Pediocin

» Inorganic J

¢ Nano Metals

 Eg: AgNP’s, CuNP’s, AuNP’s

s+ Metal oxides

® Eg ZHO, TiOz, CUO, F6203,

ALO,




CMC/CNC immobilized AgNPs as an effective coating to
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improve barrier and antibacterial properties of paper LA
Pea hull waste CMC
=X e = Strawberry specimens were packaged
I %i\ % paper with the sealed as-prepared coated paper
gy . ¥ £L_F bags (AP group), which was used as the
. l bleaching | | AR g " : \ f l test group.
f&%/ﬁ%L et i) - = No materials (control group), PE bag (PE
= | i N group), uncoated paper bag (UP group)
S | iy | and CMC-coated paper bag (CP group).
HO/K\OH P All th.e. groups were stored under ambient
e coated paper conditions (25 + 2 °C, 70-75 % RH) for 7
days
v" Cellulose nanocrystals (CNC) immobilized AgNPs Control group  PE group UP group CP group AP group
(CNC@AgNPs) were synthesized. | ‘ (R
v CMC/CNC@AgNPs formulations were coated onto paper =
surface.
v CMC/CNC@AgNPs coated papers exhibited enhanced 50 day
mechanical and barrier properties.
v CMC/CNC@AgNPs coated papers showed
excellent antibacterial activities. 70 day
v' The obtained functional paper has promising application in
00d D3 ahale I1TROORKEE HE N

Yunqging et. al, Carbopol. 2021 Vol. 252, 117156. https://doi.org/10.1016/j.carbpol.2020.117156




( ETHYLENE SCAVENGING PAPER MADE FROM FOREST WASTE
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Paper making

1 Ethylene scavenging
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Conclusions _
* Pine needle waste was used for paper making

: » Zeolite acted as ethylene adsorber

i « Shelf life of climacteric fruits can be

extended

sumrcint 0% pamrcnt o [

PN-MFC/HNT 30% PN/MFC/HNT 30% PN/MFC/HNT 30%

PN/MFC/HNT 30%




Barrier coatings on paper

What makes paper unfit for packaging? Solution: Barrier coatings

ey,

Non grease resistant

No Mhisture resistance

i
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Barrier coatings on paper

Shellac Wax  Beeswax

TR
.:1. SN

gj’r Ve A =
S FE A A
Ethanol ‘

Surface Sized Hydrophobic
Paper

Heated Magnetic Hot Wax Solution  Spray coating on filter paper

Stirrer

» Beeswax-Shellac wax spray coating on paper produced
flower like structure.

« Annealing of coatings enhanced mechanical durability and
robustness.

« Contact angle of more than145° was achieved after annealing
of coating.

» Coated papers showed good repellency against food products.

» Coated paper showed self-cleaning or anti-fouling properties.




Recent Commercial developments in Paper as Food
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packaging material N

Why do we need to focus on food PLASTIC SAVING CALCULATOR

i ials?
packaging materials® e
(120z / 360 ml cup size)

Packaging is part of the first impression your customers have a 5 i . 2 2

with your food product - make it a good one. wovcn " X
AGRI-WASTE PAPER
= 1
= @02

Raw Footprint Reduces
Materials Reduction Deforestation

Discarded agricultural  28% - 38% lower carbon Saved more than 1
fibres that are available emissions than million trees by using
in abundance. conventional products this new raw moterial

1 Million 50 Million 100 Million 1 Billion 10 Billion

PLASTIC lid (PE/PP/PS)
3,500,000 KG

PLASTIC coated paper

825,000 KG

EnvoPAP makes sustainable paper that's kind to the planet. By using
renewable sources -like sugarcane waste instead of wood- the
production has a much smaller environmental footprint than traditional
packaging, and still delivers -an industry-leading product. Since
identifying a gap in the packaging market, EnvoPAP continues to
innovate and disrupt.

The Good Cup

IITROORKEE HEE B
https://envopap.com/ https://thegoodcup.world/ 15
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» Recyclable as paper packaging

e e
i N0 o |
,4:?¢&,m i | = 85% paper [l4gr)- 15% HDPE barrier (2.6g9r)

......

» Durable and splash resistant paper

» Responsible paper sources - FSCR certified

» Unlque haptic and shelf impact from paper bottle
surface look and feel - engaging the consumer from
first touch

» Available in 506ml and 336ml
» Inquire for customised design project

» Enhance with decoration, embossing and debossing

IITROORKEE HE B
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https://www.paboco.com/bottle



Paper wrappers for chocolate Bars |75 i Soonuee

Estd. 1847

v Current plastic wrappers cannot be recycled, as is
the case with several other kinds of food
packaging.

v' Crisps, chocolate, and cheese have traditionally been
regarded as the worst foods for packaging
recyclability, and big brands have previously come
under pressure from customers and campaigners to
do more to swap their wrappers to help the
environment.

https://www.theguardian.com/business/2023/may/29/mars-bar-wrappers-changed-to-paper-from-plastic-in-uk-trial



Recent Trends in Paper Packaging

Type Function Application Sample

Siliconpack Ltd,

Moisture barrier Prevent corrugated board

from humidity/Moisture Dry food products

Alfreton, UK

Kalos Corporation,

Suitable for agro

Ability to remove toxic and marine
Fre_st;ness gasses and maintain products like fruits,
maintenance excellent freshness vegetable, flowers
and
Seoul, Korea
Ideal for the
Cold storage/ Corrugated boards coated refrigerated - N
Freshness bottom liner for cool transport of items
retention insulation such as processed

marine and meat
Prof. Kirtiraj Kfppiidticts Rengo Co ltd, Japan



Type

Function

Application

Sample

Water
resistance

High level of resistance to
water, comparable to
wax dipped corrugated
packaging, also a high
level of recyclability

Use full in dry
products packaging

Werner Kenkel

-

.'-.__=F
[+
]

USA

Green pack

Ethylene elimination and
gas composition control
help to ensure that fruit
and vegetable remain
fresh

Packaging of fresh
produce

MoistTech Corp

Insect-resistant

A special mixture of ink
and

varnish coating on
corrugated boards repels

Insects, discouraging them

FPackaging of food
products

from entering the DOX prof Kirtiraj k. Gaikwad

Rengo Co ltd,




Type

Function

Application

Environmentally
friendly

Boxes are
environmentally friendly
because they do not
require staples or tape for
sealing.

Any kind of food

Corrugated packaging
with special coating to

Shenyang rust proof
packaging matenal
co ltd, China

Antirust . Cans use in food
prevent rust on metallic -
corrugated surfaces. |deal for packaging
inhibiting rust formation
on cans contains food
Smurfit Kappa
Not i affocted b Packaging Product
er?vi?:rfll'ni;ﬁtaﬁccﬁangyes Layer pads and Lid, UK
Anti-slip this cardboard provides fitments, Palletized

stable anti-slip
functionality

loads, Point of sale
display packaging

Prof. Kirtiraj K. Gaikwad
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U Sustainable Packaging” Revolution

1 Market drivers

U Protect — Inform — Contain — Transport

U Developments of specialty

Paper packaging through innovation



Functional Food Packaging Lab
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“Better Packaging,
Better Living”

Thank TYou for Your Time & Attention!

Prof. Kirtiraj K. Gaikwad, PhD
Indian Institute of Technology
Cell No +91 9897775721
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