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Chanter - 1

Advanced Packaging Systems in Fruits and Its Processed

H.D. Chandore and Sanchita Ghosh

Abstract

Packaging is an important operation of the post harvest management of

fruits and their processed products. The packaging industry now changing

T T Ta =AmeAnt + Elnemmt et An ~F O Fa b 1 Vner e ~ A farare:
uo vl L1111V Y LALIVLLD. Y L IVLY auyoaiivwul

their pattern with respect to difierent in

packaging systems like antimicrobial packaging, smart and intelligent
packaging, thermally sensitive packaging, modified atmospheric packaging
etc are playing major role in horticultural industry. However, still we are
lacking to meet export standards in advanced level of packaging as
compared to the foreign countries. Enormous quantity of produced are being
wasted every year during transport due to improper packaging. An attempt
has been made to make detail review on the traditional as well as advanced

packaging systems in this chapter.

antimicrohial packaging ethylene, €Oz, O

Keywords: packaging,
botics, automation etc.

scavengers, smart and intelligent packaging, To

1. Introduction

In fruits and vegetable production, India secures second rank followed

11 A siaks Tadia wseadimma U R S L S R 1 T
- J\lUlUUé“ idia PiUUuL«b.‘.\ EUUU ailiouiit vi U Uil diid \LBLLQUI.L..),
still huge quantity 1s being wasted every year due (o improper post harvest
handling which included appropriate packaging of the material. Post harvest

management of fruits and vegetables is important pillars of Indian cconomy

AL AND/N s b 1 e e
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a3 Indian food industry facing post-harvest lo33Cs

handling, storage, packaging and other post-harvest management practices

which is worth of Rs. 2.40 lakh crore 1> The Ministry of Food Processing

Industries (MFPI) estimated losses of 23 million ton of grain, 12 million of
L DA

Fratn Aemd N1 nsllenm tnsmn £ sramat hlnn At svreat L 3
fmiits and - faava ions G v\.bu;ﬁuu:..a of wrolil iS5, 7.7 vaiuid Uiris v ALl

total food loss of 10.6 billion USD in the year2017-2018 of India ! (NAAS
Report, 2019). These losses could be overcome by adopting modern
technologies and process among which appropriate packaging 1s most

A A hillina TTCTY it
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important 1. As per the reports of ASSOCHAM & EY, India, packaging is
the fifth largest sector in India’s total economy, which will reach its gro:vth
of 73.6 billion dollar by 2020 ). The packaging industry in India is rapidly
growing reach 32 billion dollar in 2015 to 73 hillion dollar in 2020 as per
FICCT and Tata Strategic Management Group (TSMG) report of 2016 'l“he
indian packaging industry contributed 4% of global packaging industry but,
per capita consumption is very low (4.3kg) as compare to Germany (42kgs
and Taiwan (19kg) P Trends shows that Indian packaging industry is
moving from use of rigid plastic materials to flexible packaéing as these
products are visually appeahng, cheaper and durable. Some new
technologies like IML (In Mould Labeling) MAP, nano-structured
multilayered films etc. are gaining importance gradually due to excellent
packing quality.

2. Benefits of packaging

Packaging has various benefits in overall production and marketing of
produce. It not only deals with the reduction of postharvest losses but also

f\ﬁ'{\f\"‘;"ﬂ ‘pﬂf ‘:ﬂﬂ"ﬂﬂn‘:ﬂ" ﬂnﬁn11mn¥ﬂ nﬂhﬂl\*ﬂ"\‘;‘l‘;hv ‘Ef\“ﬂ“’:“h el alal +!ﬁﬂ ]‘ﬂ'\’\n'ﬂ
LLISCUYVT 101 wilivuouly VULIOUWLILINED alllpiadiny. 1+ Unuwily GiC v Uviiwiils

or importance of packaging.

i) Tt assembles the produce in convenient way so that it may reach
consumer without any damage to the products. It protects internal
products from tampering or any other kinds of damage such as
hitting, shocking, vibration, compression, wetting, bruising, €tc, It

also acts as barrier for oxygen. water or its vapors, dust etc.. that are
the agents of microbial contamination

ii) It helps to maintain internal and external quality of produce
including its freshness by avoiding contact with the external

—ma v s NS AR AR Ea

TN r- oy = . 29 A ,l
i) Tt prevents physiological, hiochemical and any other environmenta

changes
iv) It reduces transport cost by pall

bl transnor
‘.IMIQIJ (LS ..UPU'

atization method as compared 10

( intaini i as ner export norms and
v) It helps in maintaining quahty standards as per ex]

regulations
vi) Tt is helpful to sellers, buyers, and consumers by pro

arial
e L e

viding all

y v 0 their na deino w}ul
necessary information on el packing &

Fy J
: T ants 2 m level
= aints al components at opfimum 1eve
vii) It acts helps to maintaimn nutritional P D

and hygienic condition
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viii) It helps in transport and shipping hy increasing it durahility and

handling capability

ix) Some advanced packaging tools like use of barcode, QR code, anti-
theft devices such as dye packs, RFID tags, electronic article

surveillance tags, that can be activated or detected hy devices at exit
points which usetul to prevent retail loss

3. Packaging methods/types/levels

Generally, there are four methods/types/levels of packaging, which are

i) Primary packaging or sales packaging

Primary packaging is the first ievei of packaging where the product is in
immediate contact with the thin laver. Tt means the first laver of product and
any other secondary layer existed in that, e.g. a beverage can, candy wrapped \
in a pouch, mesh bag for fruit etc. The main function of this layer is to
protect the product from exiernai environment. This product directiy goes in
the hands of consumer hence also known as sales packaging. Mostly these
kinds of packaging can wrap the product for end level consumer. Labelling
and other cap fitting operation can be carried out for the sales the unit [7!.

ii) Secondary packaging or group packaging or display packaging

The major function of this level of packaging is not only the product
protection but also better visibility of the product at retails store while
displaying. These kinds of packaging allow better handling of bulk nroduct.
These kinds of packaging is maostly used for used for beverage, food and
cosmetic sector for display of primary packs in group in shelves or racks
hence also referred as display packaging. The most common examples of .
these types of packaging are cardboard cartoons, the card cereal box that
holds the inner bag, cardboard boxes and cardhoard/plastic crates (71

iii) Tertiary packaging or transport or distributive packaging

Tertiary packaging intended for mostly transporting of the bulk
packages in container. This kinds of packaging is generally not available

= e e | P e -Tars ] Lay wmtnilae clbalacala. Fao
tu th\. COliguiici uut Ldll UL UWoLU Uy lhldlivl, AR TIVELOLT- S LT e 0

dll\-\-rt}.j‘
displaying in their shop. These kinds of packaging handle large amount of
packages during handling, storage and transportation. Mostly for export
point of view, this kind of packaging minimises handling, transporting losses
at individual level duc to less cxposuic
] It contains number of secondary packages, which are packed and stacked
together in warehouses and later transferred in large shipping containers for

. Yad 1 b tlha AMTTiremsuamb
Gf iﬁdi'\"iduﬁl Uit i Gic CNVIIGHcnL
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further transport. These kinds of package are also termed as distribution
package as these kinds of packaging generally used for distribution of large
number of products in different arca. Example of tertiary packaging includes
brown cardboard boxes. big corrugated cardboard box. wood pallets.
wrapped pallet and shrink-wrap. i

iv) Unit load

These kinds of packaging are generally loading or unloading of big
containers or consignments. It also called as Unit because most of the
sccondary or tortiary matcrials have repacked on the palctic using strctch
ilm.

v)  Other types
a) Consumer packaging

The packaging, which ended with consumer distribution or sales, called
as consumer packaging. Major aim of this packaging is to display or sales

s pvbratersid Fraf sreptmdiozanne TP Ty e K B ey P g L : PorY o
LT pruduct tul COULDUWIICT. 11D pavnagiiiy sidild 1Ol Uic CULTIIcicial >aicy
point and armives al consumer evel.
b) Industrial packaging

The packaging, which used to deliver goods from producer to consumer

with all intermediate level of packaging i.e. transporting of packaging. Major
aims of this packaging are to handover or transter the goods from production

level to next or consumer level.

Secongaiy FacRagiing

iCartan) Terliary Packaging
Freny

(Pallen

Primary Packaging
{Item) Az '

Methods/types/levels of packaging

Source: hitps://www.theodorou.gr/en/products/products-smarteode. html
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4. Sustainable packaging

With advancement of technologies, there is numerous packaging
materials which are not environment friendly. Traditional packaging )
materials in one side has eco-friendly biodegradable but they required large ¢
quantity of raw materials for its production such as paper industry. wooden
board industry ete which deplete forestation. But in another side use of
plastic, and other artificial matenals not only saves these resources in one
hand but non biodegradable nature of the materials causes severe threat to
environment. Therefore, it is quite difficult to understand the selection of
proper matenials for packaging industry. So answer is four R approaches that
1s Keuse, Kecycle, Reduce, Kesale approach with integrated packaging 1n
optimized for environment sustenance [¥1.

I~ TI~ 7 - R S L "
J. 1ucal Cnaraciciiduiucs o

1) Tt should be tamper proof during storage and transport

ii) It must be Food and Drug Administration (FDA)approved

iii) It should not change original odor, color, taste of the original ®
product.

1A 1 tho moalrad e
uuu. Uil. il P&Ibh\w“ G

As
u

iv) It should not make any kind uct.

v) They should protect internal product from external environment

vi) Tt shonld hold the material in firm condition without any excessive
gap

vir) It should have adequate compulsive strength, capacity to bear
pressure during palletilization, handling and transport system.

environment
ix) It should be recyclable or reusable for sustainable environment

(E: Scanned with OKEN Scanner
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x) For processed product, they should he grease proof, temperature

and light resistant with ability to protect from microbial
contamination, leak proof etc.

6. Packing containers ior iruiis
ay Coiv

Corrugated fiberboard boxes also referred as CFB boxes are most
widely nsed in packaging industry_ Tn TISA mare than 90% products packed
in CFB boxes ). It has various types, shapes and forms but mostly square
and rectangular boxes are preferred. Now most of the CFB boxes are thinly
wrapped with plastic film, which increasc their durability, moisturc and dust
resistant ability. Several lavers in the box act as a shock absorber due to flow
of air inside the box, which gives protection against vibration, jerks and
shocks.

i) Advantages of corrugated boxes
e They are easily available in market at various sizes and shapes
e They are environment friendly and biodegradable in nature
e  The boxes can be reused and recycled again if in well condition

e They can easily stackable or palletized

e It has tear resistant qualities, pilfer proof, and this is helpful in
keeping the packaging intact

. W IL TP
’ Ty can be easily punched, prinied, packed wiiil wpe €.
- Thiey can be €asily puncncd, primed, pacKeu wi p

e Deformed or damaged with excessive pressure during handling and
transportation with hi ah temperature and pressure

e This is not good option for heavy items due low mechanical stress

ability
e They also not good option for liquid products

Page |8
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iii) Designs of CFB hoxes

Self-Locking tray Inter Locking tray

Source: McGregor, B. 1987. Tropical Products Transport Handbook. USDA, Office
of Transportation, Agricultural Handbook Number 668.

Page | 9
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slide Type Rigid Type Partitions Fold-Up Pads

(Source: https://www ipack com/solutions/packaging-101-the-corrugated-box/)

iv) Corrugation flute
6 g

This type of packaging material refers to the wave shapes or ridges that
are pressed into a sheet material that has been softened by steam. The flutes

. . . .
carran an Avinliamino mantarinle +A aonlvre manra rtranmath tan tha lhave T+ e
Shed ¥ d RS buﬂuluil&u& FURISREWE S S5SNIy B o) 51 ¥ REAIWSIW  Jid Uuém S LRLW AN, S A

various types according the thickness A (4.7mm), B (3mm), C (3.6mm), D
(2mm), E (1.5mm), F (0.6mm) F, (0.5mm) flute (www.pinterest.com).

= b

-
-

2

o

2 Pty $6 Amm) .

Abd teste ¢ F Pemrny

Aiso EF Bupe BE tte EBE fude ABD fulo ano avasabis ‘
b) Sacks/bags

Sacks are the flexible malerials used for shipping various products. If
the weight of the packaging material is more than 10kg it called as sacks and

Page ! 10
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ute, coconut, cotton,

helow of that is called as hag They can he made from | o
t eftective,

flan, flex, woven plastics (HDPE, Polypropylene). They are cost €1
readily available with different size, color with different types of tc-anng @d
snagging properties. Jute, Cotton, coconut thread bags tied with using string
made from jute, cotton, sutali etc. Most of the natural made bags are
biodegradable and they can be reuse. Bags might be of ditferent thickness
like 25-40mm LDPE and 12.5mm HDPE types of bags.

)
S

Use of wood as packaging materials has very long history. These are
easily available in market and environment friendly. They are available in
vaiious sizes, desigii as per iequiied standards of packaging industiy. This
can be recycled and reused easily, easy for palietilization or stacking and
when they get empty they required less space and save transportation cost. It
has high strength and sturdy during transportation without impact of higher
rciative humidity. On other side, they also have soimc disadvantages likc
hulky, heavy weighted, lack of water or dust resistant property. Pre-
packaging with paper liner gives additional protection to the produce form i
internal bruising injury or acts as cushioning. It has used in tomato, table j
grapes. mangoes. oranges. citrus fruit. pomegranate etc.

d) Use of plastics-plastic crate, plastic corrugated boxes

Plastic crates majorly used in local fruit markets. Plastic crates generally
made from high quality HDPE or polypropylene materials. It has high

Page |11
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strength and palletization Now the crate has heing replaced with the wooden
crates and wire crates due to high resistant capacity for moisture and
ultraviolet degradation.

e} Paper and paperboard container

Apart from Corrugated fiberboard box (CFB) some other paperboard
containers are also made from Kraft paper, bleached Kraft paper, virgin
paper iostly imade froin bainboo of giass inateiial o ciop residues eic. This
biodegradable wasle like, paddy, wheal siraw, maize husk, baggase elc can
be recycled into various types of paper and paperboard. One of the best
examples is use of cotton stalk for the Kraft pulp preparation developed by

MTD ietaa [ Flhonans szl of stom for Ty LTy o e
\.u\COT }v{um"‘ (o] , U5 O1 vaiiaiia Siawx Of 5iCild 107 piCpaiaiidii 01 Vaiious

paper etc are among them_

f) Modified atmospheric packaging (MAP)

Fruits are mgmy pCﬂSﬂleC in nature, where most 0l ne nuirinonal

composition starts getting denleting after harvesting. MAP can mamtamn all
optimum conditions inside the package thereby extending shelf life by
reducing deterioration [''l. Modified atmosphere packaging (MAP) is a
procedure,  wiiich  Invoives inside @ package wiiit d
predetermined mixture of gases ( CO»
packaging the products has packed in plastic fil
packaging container especially in CFB box. The

replacing  ait
5. or N») prior to sealing it. In these

m bags and kept in a
modified atmospheric

Page | 12
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ntration (hacterinslatic and
tral in action and acts as
d decreasing O2 level
inside the package.
nitrous oxide, and
also used. The

condition is maintained by increasing COzconce
fungistatic and antimicrobial li21) and N3 level (neu
cushioning material to prevent packs collapsc) an
(which breakdown the product and caus¢ rancidity)
Along with these three gases traces of carbon monoxide,
ozone, argon, and ethanol vapor and sulphur dioxide are
optimum temperature range during storage is 0-5 °C "3,

g)  Advaniages of modified atmospheric packaging

. . R TS, |
£ 1ife allowing lessei ictail

% T T . IR gl | PO . (SR Ny
- li HICITdDEY dLITHL QL dllUWlllE 1CH>CI llCLlLlCll y Ul lUl.lUUiB u

display in shelves

e Tt improved presentation-clear view of the product and all round
visibility

e I( acls as a hygienic stackable pack, sealed and free from product
drip and odor

e Reduction in production and storage costs due to better utilization

of lahar, space and equinment

h) Disadvantages modified atmospheric packaging

- U S e lennisvm srnmnliimares 1ol iah

b Lapitar CoStL UL gas pacKagiilg inaciuncly s gt

= Tncreased pack volume increases transpert cOSts and retail dignlavy
spacc

e Potential growth of food borne pathogens due to non-maintenance
of required storage temperature by retailers and consumers.

i) Wrapping

Wrapping means covering of the fruit immediately after harvest with
any type of materials. It mcreases post harvest shelt life. In market various

timnee nfwrranning materialc arg avrailahle euch ag ficgne nanerg waved naner
O I S e D A I e Gar w tsvins st e ® L [t o Sy Yruatswas priapres,

cellophane paper, aluminum foils and alkathene paper etc.

Pane 113
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cost and casily availshility. It i Eghtweight, recyvclable and lfess COTTOSIVE
with the food matenials. It extensively usad for packaging of vanous frunt

products.
iii) Collapsible tubes
Collzpsible tubes made from

fiexibie item for packaging Most of the products are
metal but thermoplastic matenals are also used as these are cost eftective
than aluminum_ Collapsible rubes made form thermoplastic arce having some

demerits such as collapsibility, permeability for moisture, oil and acts as a
SUHTIC RASTOUDS

umum:;uum Ill'\lUL lll( cunuaundt ll

the metal or plastc matenals are most
made from aiuminum

plasticizers. It also creaes
kept Tor longer pentod.
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iv) Glass containers

Glass materials are being used as packaging material smceb?:C:::it
times. It is casily available, reliable, non-corrosive, H?""Pem_“izi__'_d“
iransparent inalerials. Most of (he producis like jaim, jﬁf})": watindiade,
pickies, juices, and Squashes are packed in (hese cunlamcrs._ BCVCFd_:‘.!,C
product already started to yse glass material in large quantity for its

: ; : tendly.
processing. These materials are recyclable hence environment friendly

v) Plastic containers

Plastic containers are¢ made from various types of polymers and
petroleum product. Different types of plastic materials are LDPE, HDPE,
p olypropylene, Poly Vinyl Chloride Polystvrene. Biodegradable and
photodegradable Plastic. They are lightweight, easily available with different
size, shape, color. But these containers are not eco-triendly.

vi) Coextruded films

vii) Dried or dehydrated products packing

Mostly plastic materials (LDPE/HDPE) are used for packaging of dried
and dehydrated products, e.g. dehydrated slices of ripe papaya in 250 gauge
I'L bags, Danana chips i 300 IIDDPT of 400 gauge LDIL, Potato in 1IDPE
with titanium oxide and brown light absorbing pigment or jn metalized PE
bags (AT + PE) U1 g Powdered dehydrated products like fruit jujce
powders, soups, custard powders etc are packed in heat sealable laminate
Containing aluminum il iaycr cte. In somc PaCKages calcium oxid, i1

gel has also nsed in Package to ahsorh excess moisture.

viii) Accelerated freeze dried (AFD) food Packaging or frozen products
packing

Accelerated freeze-dried (AFD) products must be saved from oxidatjve

e 1. e T . [ R Y . | e o T S L.
LIIGUECB Line cuayumtu. UJ.UW'“.{UE, 1ldvul dilGg vuuig Lllﬂllscb, 1uad Ui aAdLULl T

acid etc due (o OXygen hence required O, tight packaging and plastic
Wrappers for palletization of frozen food. Some examples are packing of

deep freezed mango pulp paper aluminum- polyethylene laminated pouches

g3 to= Lkl t wlntim s e Famm PT T S
Rl 5 Ly B9 VUL 014K u.ui'ﬁﬁl., P1dsiic Carocoins 1uL OZCH CUl Giiig

~ . Fomiemee s mam ~

~d
v,
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8. Labeling
Labeling and printing in the product is nowadays not only essentizl for
the branding but also for disseminzting infmnz:zjm’s regarding dos znd

A e et #n e FT e

A~ Aremcm i~ sha bhamdlia e W ...
Gon l..J L IIJE N llmtullll& uwupuauu-— Gir s ,u_..:_ ..J_ D 2 B oAl

retailers, wholesalers, consumers. Following information provided on the
containers.

¢ Common name of the product

e Brand name of the product

e iNel weighl, count or voiume of ine product

e

e Name, address contact details or helpline numbers of the company,

e

e Countryor region of making or origin

e Size, grade

e Recommended storage condition such as temperature, Rii. €ic.

e Special handling and storage mstructions

e Nutritional status of the products

e Manufacturing, packaging and expiry date of the products

e WNames of the added preservatives, approved waxes of pesticides eic
nsed in the product

e Quality standards and approved agencies logo such
ISSO, Agmark, FDA etc.

9. (ushioning materials

as BSI. 1SI.

Cushioning materials used to give protection o the products from
brushmg m_nmfs_ It absorbs extra pressure, shock, dissipate heat of

n ——
L....‘L ..L. 1—--"‘"“-—'&-

——anl amlae——

s K
e _"—""'—“ u..:.:uu_. procics Uh_.l.u.cu. Corina.
saw dust paner chreds  cass sia leaves

ete. T)ru grass, mddv Straw, leaves
tray, honey comb poruon, cell pack,

bamboo mat board boxes, moulded puip
air bag, bubble films, rubberized fibre cushioning, coconut fibre or its mat,

plastic foam cushioning materials, polystyrene. polyurethane, air cellul.lr

cushioning, foam, polyethylene foam. quicksilver lamimates. tissue paper.
hioning malcrials.

buiTered Lissue paper cic are wide cxampics oi cusiu
10. New technologies in packaging

i) Thermally sensitive packaging

ackaging 1S those kind so packaging matenals,

i hermally sensiive p
to

which have the capability to change the properiies with respec
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(SCC) Palymers technology

temperature changes. Side Chain Crystalisable

4, temperature
i +: ith increase
has the ability to etfectively and reversibly melt W o ecomes molten

fostering gas transmission through them. The SCC p_UI bility can have
fluid, which has high gas permeability propertics. This permed tion which
the capacity to change or maintain carbon dioxide and -oxygen- r'a e
15 li]cl main determining factor for aii kinds ol biuuncn?nuai'duanaf;mbjc
oxygen level maintained at very low level without going 1f 1o Paik
condition. The SCC materials has manufactured by Landec Corp Menlo

California ¢,
i) KEthylene scavengers

Ethylene is the ripening hormone naturally produced in plﬁnf,'mwﬁl_?h
causes rapid deterioration, decomposition thereby retards shelf life V'’ 1he
most widr_aly used e'[hylene-seavenging packaging tgchnr_ﬂogy is hased ‘JTT a
sachet that contains either potassium permanganate or activated carbon with \‘i
a metal catalyst. Several ethylene-removing plastic film-based products :
consisting of YE impregnated with finely dispersed minerals iike ciays,
zeolites and carhon have heen develoned

Examples of ethylene scavengers: I-methylcylcopropene, Silver
thiosulfate (STS), Aminoethoxy vinyl glycine (AVG), aluminium alumina,
vermiculite, silica gel, with potassium permanganate, activated charcoal etc.

iii) CO: scavengers

Role of CO; especially in Modified Atmospheric Packaging of foods is
very important to increased shelt life. Nevertheless, sometimes-excess CO;
leads to detrimental factors for the anality of product. For that reacon €O,
scavengers are advantageous to maintain equilibrium in quality. General
mechanism behind this is CO, absorption in food packages are chemical {

reactions and physical absorptions. These Scavengers are use along with the
laver of various packagino materials. High level of CO; (10-809%) inhihits

microbial growth and extends shelf life |18,

Examples of CO; scavengers: Ferrous carbonate, mixture of ascorbjc
acid and sodium bicarbonate, Ageless G, Topaan C, Vitalon VMA etc.
iv) Oxygen scavengers

Oxygen not only accelerates spoilage but also causes rancidity, off
flavor, color change and nutrient loss among other degradation [19].

Therefore  ayvvaen scavenpers can ahbsorh thig evesss axveen and dalave

Ty Vit v HRRT VYD Vi auovi e wiig v wes O J o WL Lven'S
oxidation. By using this technology sachct packed with oxygen absorbent
where the scavenging materials is usually finely divided iron oxide. E.g.

Paga!17
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Ferrous compounds, catechol, ascorhice

_ acid, slucnse oxides, unsaturated
hydrocarbons and polyamides etc.

V) Humidity regulators

Moisture content in the product leads (o growth of microbes. Thesc

wam sl al s G ek EE s memae 1‘"“—-:"— € e . :
HIdiTLIA auld dd waill vapol 0aITIEr. Soiiic Uiiics When pack&giiig i‘:i&i":‘ial':‘:

sealed and airtight it leads to suffocation, condensation due to evaporation of
fruits and vegetables. Mostly this problem arises when product is stored in
low temperature like freezing etc. The use of humidity control concept in

e Te e e I S S rdat nea |

pacxaging minimuzcs all such problems climinate high watcr content without
drying (he [ruit materials. Moisture sensilive humidity of the tray is control
by using following factors like presence of sodium chloride. Overwrap
materials by using two layer technology external layer eliminates water films

and mtarnnl }a!vnﬂ AllAsy Ter vvrabne

CREEA JaliNLlEiden trr favnkb svratas) nnllad nn

_ y i vnnar wareankili

)\;j_ CRLEVT WY dlllj ¥y ilitwi \'G.PUA Pbilllbuullii} \LIUI, ﬂ'uibi) vhalivd Lo
duplex technology. Another sandwiched packaging technology consists of
two sheet of polyvinyl alcohol (PVA) film selling along its edge within
which propylene glycol humidifying agent is sandwich for water resistant.

noalrine tanhnalaarr Annoiot Af lavrar Af DUNIT Ar nallilAacin filar
% i SEILT WE ORI o3 7 ASEL flarer

AManltilarrar 1 n
Byt Vi LRl

iTERRIRIZG Pu"h“'b t\-ua::l\.ﬂu&)‘ &~ IR Wi ll-l.J

like paper sandwiched between PE films, sheet made of aluminum metalized

film with nonwoven fabric on the reverse side are also available in market
20]

vl) Use oi robots in packaging and automation

Advanced level of packaging includes use of robots. Mostly robots have

blq; JI_}.HCS [21. 22, and 23]_ USC Gf rabhato Ao kA

11 wrnlding and acanm FOOGLS. Con 8o

a help in ever incrcasi:g lahour crisis worldwide. They has faster operation,
with less error low contamination, high carrying, packaging and processing
capacity, to work day and night without asking payment are the main pros.
FANUC robotics. Inc. has developed several models of pick-and-place
articulated robot for the food mdustry that meet stringent hygiene
requirements #i. KUKA Robotics 1s one of the world’s leading
manufacturers of industrial robots !*5). Many food-processing plants are
constantly automating their final product with the palletizing robot duc to t_hc
demand for increased productivity 2'l. The sophisticated control system with
a buiit-in palietizing function makes it possible to load and lllllL.lZld‘ ‘lhe
objects with high precision and accuracy. To increase safety, liability,
reducing cost of operations, consistent working etc most of lhc food and
packaging industrics now wanted aulomalion‘ sys_lcrfl. Somc dltﬁadv.an@gc{
are high maintenance cosl, requircment ol tcchmcal_ expertise lack 0(;
availability of spare parts, etc. PLC (Programmable Logic Controller)-base

Page | 18
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1,261 They also

. (2
i food industry .
used in the S 4 drive to

architecture has been commonly
act

articulated with peripheral devices such as $ensors,

minimisc static opcrations.

vii) Smart or inteiiigent packaging
an coniiol

fage wiicie we © )
mart and intelligent
he condition of
ctices

Techuological innovaiion is now i itiai s
most of the inbuilt environment of packaging by using S
packaging. Some sensors have developed which can sense
various parameter according to which we can make precautions of pr a'

0728 The st v uteliigeii puavkagiiis alsu usc aill
intelligence concept where users get in details information of the product
quality during storage, packing, and transit. It helps to monitor the Pr?z‘i;wt at

s 14, can

each level. Some innovations like self-heating cans or cooling caf
------ ! scgicgatcd

e =
iicidi

2 ~ o
il iuLuie

automatically start heating or cooling the product. 5
compartments are prepared in the container, which gives €X0
endothermic reactions to maintain optimum condition of environment. Radio
Frequency Identification chips (RFID), Time-temperature indicators (TTI)

thermic or

arc also availablc in thc markct which uscd to track thc packagc o
consignment in transit, storage or retailer shops ¥ These labels are called as
smart label. Electronic article surveillance for checking counter shoplifting,

security holograms, microwave technology, shock detectors for etc

Arorlamadd Bsewnrinet srenlimatos
eV LriUlJ\-u AVFE giiidii b Puunusms.

11. Summary
A specific packaging praciice noi only mimimizes huge posi narvest

losses but also has tremendous scope to enhance export of quality produce

and to gain foreign exchanges. The recent advances in packaging sector

helps to minimizes post harvest losses, increasing quality of the consumer
produci by proper suppiy chain management. The automatic and woolic
packaging, smart and intelligent or active packaging will help to increase the
efficiency for better transport, handling and sales in the market. Various
innovation, technologies, and new kinds of packaging materials and methods
are need to be popularizing to satisfy the coiisuiner demands.
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Chanpter - 3

Physiological and Biochemical Factors Governing Post

['n- ramd T 2L ﬂr F'n vma A W
IAIVEST LI O1 T 1GWEr L1 Gps
mahidn Mhach and I [ TP -
BELERINLE LFIIUSATEL JEEFLE S 8.5S. Lo 0IIssizirr o

Ahstract

. lele major challenges of post harvest technology of flower crops are to
y the senescence and promoting the longevity in order to fetch high

SR, >
HarncL price as well 45 16 -
N T gt -y =
p Clt ds W indKe it imore diiractive iin 4 Nower vase for d m

Ke -
B ywmjds. Sénescence, post-harvest technology, biochemical factors

I?Iow;r is a complex morphological unit and there are several
physiological and biochemical factors which govern the post haryest life raf
0
)

T T PR |

Powicrs: Floiue wllast o : Tt :
u;wcm. PMoOwer senescence is a distinguished stage indicaling the (e

i : : . HiTign
g ase of developmeniai processes Lhal leads o the end of s life span
ostharvest senescence is a major limitation to the marketing of ma.ny'

species of cut flowers and considerable effort have been devoted to develop

mmmdle S +

POSUIAIVEST  Wcatimciits to  cxtcnd  the markcting  period ' The
- 1

implementation of appropriate storage and postharvest techniques will add
Valu? to the produce and wil] increase the tarmer’s income. The tloral more:
specifically petal senescence, 1s accompanied by dramatic changes in c;al!ular
morghology. biochemical processes and gene expression PPl Several
physiological factors like water relations, membrane ihtegrity, carbohydrate
metabolism, nitrogen metabolism, pollination, plant growth regulators etc
and biochemical factors like ethylene biosynthesis, changes in the
antioxidant compounds governs the post harvest life of flowers.
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2. Senescence and post-harvest life of flowers

A flower’s lifespan and post- i . :
B Post-production quality has determined by
senescence, a genetically controlled stage of flower development that
culminates in the willing or abscission of the corolla I, Senescence is the
. wi Lic
ntegral part of the normal developmental cycle of plants and can be view on
a cell, tissue, and organ or organization level. Senescence is a highly
regulated final event of flower development that bears hallmarks of
e e mamagaa A Al dansl TOTVN s T dhggn ~ 2o 1
Prugiaiiiinca Cou alaui Ly, ICsuiiiing in colour Ch&i"gCS, ‘pCt'&} 'ﬁ'iltii}g
ahscission of whole flower and flower parts with various physinlogical
_ | ous physinlagical,
biochemical and ultra-structural changes i Peroxidase enzyme activity in
senescing petals are directly associated with respiration and increased levels

of free radicals and peroxides [,

Recent studies evidenced that flower senescence includes controlled
disassembly of cells of corolla probably by a mechanism homologous with
apoptosis, vacuolar and necrotic PCD [ and transport of nutrient to other
parts of inflorescence. Flower senescence is the terminal phase of
developmental processes that lead to the death of flower, which inchude,
flower wilting, shedding ot tlower parts and fading ot blossoms. Since 1t 1s a
rapid process as compared to the senescence of other parts of the plant, it
therefore provides excellent model system for the study of senescence. Petals
are the main floral organs, which primarily determine the commercial
longevity of fiowers, and therefore, 1t becomes necessary to study the
physiological, biochemical and genetic processes that occur during petal
senescence 7). During flower senescence, developmental and environmental
stimuli enhance the up-regulation of catabolic processes causing breakdown

and remobiiization of ceiluiar constituents.

3. Post-harvest changes associated with senescence

3.1 Ultra-structural changes

There is a three-stage theory of senescence in case of flowers like those
in leaf. First is the initiation of senescence followed by degradation and
disassembly. which lead to third stage of death [*l, which is duc to decline in
rate of anabolic processes and increase in rate of certain catabolic processes
71 Characteristics of the last phase involve ultra-structural disorganization of
tissues or cells and increased fluid filled extra spaces which lead to halted
down of metabolic activitics in all tissues or organs of plant though some
organelles are still slightly visible (1. Delicacy of petal cells and their rapid
coilapse during senescence are a chailenge 10 study uilra-suuctural changes
during senescence and showed dramatic changes in ultra-structure (11 Ultra-
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structural events during senescence include increase in vacuolar 917‘3=_I”-q’f_?f
organelles, eventual collapse of tonoplast % and nuclear fragmentation ']
With reference to the chloroplast ultra-structure, a higher level of thylakoid
disorganization (especially of granal membranes) observed during
senescence "l The loss of non-cellulosic natural sugar and the increase in
solubie pectin, uronic acid and ceiiuiose 1% jead to aiternation in ceil wail
and initiation and increase in the loss of membrane integrity resulting in
phase changes due to decrease in membrane fluidity and increased

permeability.
3.2 Colour fading and change in pigmentation

Chlorophyll is the most prominent photosynthetic pigment in higher
plants and the decreasing trend in photosynthetic rate and pigment leve] is
generally due to the invalvement of oxygen radicals and cinglet oxyaen [15]
Chlorophyll breakdown becomes g2 mandatory phenomenon for the v
r_emobilization of nitrogen from chlorophyll-binding proteins to proceed
durir_lg senescence. Colour fading and discoloration are major reasons for
termmation of vage life in many cut flowers and imnortant factors in
determining display quality of cut flowers. Major three types of pigments
contributing to the colour of flowers are anthocyanins, carotenoids, and
betaiains. Anthocyanins are the largest and most diverse group of piant
nigments derived from the phenvipropanoid pathway. ranging in colour from
red to violet and blue. Anthocyanins give red colour under low pH and blue

colour under high and neutral pH, reflecting a phenomenon termed as
*. In flowers,

‘blueing” where a shifi from red o biue oceurs wiih ageing '
ative

degradation of anthocvanins during senescence possibly related to oxid
process. A significant increase in antioxidant activity correlated with the rate @

of anthocyanin degradation ['7].
3.3 Lipid peroxidation and loss of membrane integrity

Flower senescence was found to be related to the enhanced lipid
peroxidation which in turn decreases the membrane stability index. This
increase in the lipid peroxidation is most probably itiates hy increased
lipoxygenase activity just prior to the increase in lipid peroxidation. [ ipid
peroxidation generates a range ot reactive oxygen species, including singlet
oxygen (102), the alkoxy radical (RO¢), hydroxyl radical (OH+) and
hydroperoxyl radical (HO2--), and the peroxy radical (ROO*) whi‘ch ampl.if'_v
the lipid peroxidation with further degradation of released fatty a(:l‘ds
affecting membrane permeability Ui All the enzymes required for
phospholipid degradation are apparently present in membranes. The main
phospholipid degrading enzymes, including

™ I a=
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13  Phospholipase D
== v .
ii) Phospholipase C

m1) Lipolytic acyl hydrolase

Which c?gradc fatty acids ?\'ere reported to be upregulated during petal
senescence 7. A ma."ked.de.ter.w:rauon of the plasma membrane and loss of
ater are associated with lipid peroxidation with the senescence of

veanthemum 2nd  Hemerocallic petals Ul Therefore,

membhrane

mass lipid degradation during senescence and collapse of the tonoplast,
which results in executing the death sentence.

3.4 Laoss of cellular protein

Proteins are the key molecules that play important roles in various
structural and functional aspects of plants. Senescence in tepals, stamens and
Caipels Fesulis il ai HICicase in iuial pivicase activily and a decredse in otai
proein conient. In many species of plants, prolein degradation and
remobilization are mediated through protein ubiquitination and the action of
specific proteases 2. An increase in amino acid content in phloem exudates

~ T eerilaloam en o maas = o TV mecsmprmins Min o d
W piidai Wity Wl pornvecu, Hicmerveuiin . auu

from flowii Oplmig
Sandersonia petals observed due to protein degradation. Actinomycin 1), an
inhibitor of transcription, if given 4 h prior to opening, suppressed the onset
of visible senescence, which occurred at about 9 h after flower opening by
downregulation of senescence associated genes in petals of moming glory

(9] In proteasomes dependent degradation, proteasome system involved in

degradation of speciiic proteins was apparently up-regulated during petal
senescence in Hemerocallis *') and daffodil 2. Expression of a homologous
gene encoding a RING zinc finger ankyrin repeat protein (MjXB3), a
;-)utative F3 ul;iquitin ligase, in petals of senescing Mirabilis jalapa tlowers
highly increased during the onset of visible senescence like that in Petunia
(21, Silencing of this gene also resulted in extension of flower life. Petal

senescence accompanied by bulk non-proteasomal protein degradatlgn,
process of protein degradation shows accumulation

mainly in vacuoles. This
no acids during senescence.

of considerabie amount ol ami

3.5 Change in water relations

; 4 ot :

Due to decrease in water absorption and increase 1n water 1oss 'th_rouc,h
Iﬂ; ﬂ(\l"!{'l; ;ﬂ“f' reSu

on, the stem develops Water deficit condilions

l}
flowers [24). The decrease in water uptake
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plugging of xylem vessels caused hy growth of microbes mainly bacteria in
the vase water or on the dipped portion of stem. Exposure of cut flower to
water stress condition, for a short periods lcad to the carlier appca_r ancff ot
senescence. Water deficit conditions are reported to cause ph}/b'OlOglcall
disorders in the cut stems such as stem break in gerbera and bent neck of
rose (2l Adverse water relations are also reported to cause changes in
hormonal balance . During senescence, the rate of water flux through
vessels. tracheids and fibres get reduced and tylose formation was often
shown to result in reduced water and oxygen availahility for the respiration
Causes imbalance in water reiations of ilowers. ‘| he rate ot water uptake of a
cut flower depends on hydraulic conductance of the water conduits in the
stem, water potential difference between the vase water and the cut flower
tissue 71 (Van Doorn, 2001).

3.6 Membrane integrity

Membrane deterioration is an early and characteristic feature of plant
senescence, which leads to several structural and functional changes

'“""‘"""‘"ﬂ tha va ﬂ"l t1iAan AF 1n Talll ]rn- nind n-ufnﬂnlin snmnartmanto atn Tn
Ferlundiig uiv TRolvuaiuuiUl: U vyaouo B vywvounie vl t_luluux..n;a wiv, 311

daylily flowers, durmg senescence the degeneration of vacuolar membrane
of epidermal cells was reported 8. It was revealed that in
ethylene- insensitive Alstroemeria flower, during senescence, the loss of

mnmlﬂrnnp 'ﬁrnr*hnﬂ rac hni’ fﬂlq‘hﬂlr' N hnnv"npn-:cﬂ- f:r-i'nnhr f29] Tn the
LALLM LEian Lo ES 3 t’ th_.l‘-lk—‘. J AZA Tl

ethylene- sensitive category, lipoxygenase activity may promote senescence
through oxidative membrane damage as seen in rose and carnation.
However, in some ethylene- sensitive plants such as Phalaenopsis, the

lipoxygenase seems not to play anv annarent role At the hinchemical level
senescence Is associated with changes in membrane fluidity and leakage of
ions in several different flowers. The loss of differential membrane

permeability in morming glory tlower ©%. ‘The important changes in the

memhrane include decrease in all clacses of memhrane nhognholinide and
increase in neutral lipids, mainly due to increased action of phospholipases
and acyl hydrolases. Analysis of phospholipid levels in petals of ornamentals
like Tradescantia during senescence  has shown that the increase n

The actlv:ty of phosphollpase D declmcs durmg senescence whereas that of
acyl hydrolase remains essentially constant P'1,

3.7 Carbohydrate and other macromolecules

Sugars are an important energy source and structural compf)ncnts. Sugar
accumulation is a mechanism to reduce petal water potential-promoting
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accompanied by a loss of dry matter. Sugars or carbohydrates increased the
vase life of cut flowers by reducing the sensitivity to ethylene 2. It has
suggested that maintenance of osmotic pressure might be the reason for the
delay in senescence. It was also reported that exogenous application of
sugars ncrease vase life by delaying proteolysis, promoting protemn and
amide synthesis, maintaining osmotic potential, delaying membrane integrity
and maintaining mitochondrial structure and function 33,

water | i _ ;
ter influx-cell enlargement and flower opening. Petal senescenc

3.8 Protein metabolism

There is a decline in protein content during senescence. The senescence

of both climacteric and non-climacteric flowers have been associated with a
105.4 B T U o e e o vndirnad diaa k- Viela Jg snmwsm crothacis
D> Ul plULClll. 11c plULCIll CUIILEIIL 15 IcUllCtd uuc w ILLLIC uc nuuvuy :syud:cam
and considerable protein degradation. Ti is undersiood that [ree radicais
attack amino acid residues of proteins causing conformational changes in
proteins causing them to be recognized by specific proteases for degradation.

T Lo ~tlanrdoen o —mmaaléod des 22 ansd
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increase in the transcript abundance of a senescence-associated cystein
peptidases in the petals, in an early rise in peptidase activity, and in a later

decrease in water-insoluble protein levels which promote senescence B4,

in

D ‘<

-

3.5 Foilination v

L T S e Tl A aaet . s G il i

i Uillliativii Lcsuunub a .')_)fiiu.l.UiiiC Ul UCVDJ.U}JJJ.I.CHLQ] ].CI)PULEEIC.‘J uiat
contributes to successful sexual reproduction in higher plants. Pollination-
regulated developmental events collectively prepares flower for fertilization
and embryogenesis while bringing about the loss of floral organs that have
minnsadabad Hlanie Basmabinm i wnllam Aiawmaeon 1 nead cnnae binm Mamem o At ~F
LrUlJ.llJiLri.LaLl RilLIE AUbIwiivil 1Li kJUi.l\-'ll. Wil Pblbﬂ.l Chiikd iUDU}J»lULJ- \-JUJ.J.].}JUllvuI.D i
this process include changes in flower pigmentation, senescence and
abscission of floral organs, growth and development of ovary and in certain

cases, pollination triggers ovule and female gametophyte development in

mebiniemntinm aF Faskiliontinn 351
ll.lhlj.)utlull L AWl LERALAALERILE -

Pollination regulated development is initiated by the primary pollination
event at the stigma surface, but because developmental processes oceur in
distal floral organs, the activity of inter organ signals that amplify and
transmit the primary pollination signal to floral organs is implicated. Inter
organ signalling and signal amplification involves the regulation of ethylene
biosynthetic gene expression, inter organ transport of hormones and their
precursors. This stimulation of ethylene biosynthetic pathway results in
enhanced ethylene production and thereby triggenng flower senescence 1n
ethylene sensitive flower. In carnation (Dianthus caryophyllus) the
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senescence of flowers is characterized hy the in rolling of thf-‘- I‘—ﬂt?‘_-? HREEINS,
this process is accelerated by ethylene and pollination 134 Pollination of

orchid flower induces a dramatic increase in ethylene production, which
subsequently causes a rapid petal wilting. whereas the longevity of intact
(361

unpollinated flowers may reach as long as several months

4. Role of plant growth regulators in accelerating and alleviating

flower senescence

Plant Growth Regulators can delay as well as can also accelerate the

"""""""""" DAN: il ceninde oo ocooe ttiide adliedasmn laoiois
< CC. ificiual Culyitiid, auvovisi

acid, jasmonale, methyl jasmonale, salicylic acid and brassinosteroids;
whereas cytokinins, auxins, gibberellins, polyamines cause retardation of
senescence 137 38 Abscisic acid (ABA) has observed to enhance ethylene

wrmnrtad tlant TF T AASTn A

haadtasmad o
o l‘ulJU‘L'\fu LiidiL, ik Ejuu\ll\liu [S 58

production and hastencd petal wilting.
removed, induction of ethylene no longer occurs, therefore, it is proved that
ABA acts as an inducer of ethylene only through gynoecium °1. Stimulatory
effect of GAsin retarding senescence is reported in cut gladiolus spikes %! It

ifa

11!']('! ]"\Dﬂ“ rnnnr*nrl *‘I‘ll!+ DA o 1"‘1" "’i‘\ 1t T
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of flower crops like gerbera ("1 and carnation ™'l In gladiolus cut spikes,
improved vase life was reported after use of PAs by improving membrane

stability 141

T+
it

4.1 Ethylene

Ethylene is the major promoter of flower semescence in cthylene

D1 U . PR oM B DRy oy e e et S & 7 ; (TR TR L iy [ S, - s
ac ]bI‘I\"C HUWECID, UUUIUIIIHE.IHE SCIHITHLCLILT pu'mw‘ayb danua nordrl ausSCiasion

1
(431 while in ethyiene- insensitive flowers abscisic acid (ABA) has thought
to be primary regulator. Visibie sign of senescence in ethylene sensitive
flower has accompanied by sudden, transient increase in respiration resulting
cooidinating the senescence
pathways and upregulation of genes for enzymes required for senescence 4.
Ethylene imposes considerable problems in the postharvest handling of
ornamcntals, which causc a rangc of cffcets, including carly wilting of

1
flowers, vellowing or necrosis ( death) of leaves, and shattering of leaves,

buds, petals and flowers, Fthylene has been reported to be a signal to induce
(3, Petal senescence accompanied with the
¢ exposure 3. In petal tissue, ethylene
arious biochemical processes leading
the activation of senescence-related

ethylene production by regulating
& [:W],

senescence of tlowers
concentration and duration of ethylen
found to be responsible for inducing v
to programmed cell death, including
gene transcription %, Polyamines inhibit ;
the activity of 1-aminocyclopane-1-carboxylic acid synthase and oxidas
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arginine decarboxylase and SAM decarboxylase. Both theory and practices
revealed that there are several other factors like age-specific factors, external
stress. and nutrient status. which combined cause changes in gene expression
and activation of senescence-related biochemical and cellular processes 1.
in chmacteric or ethylene sensitive tflowers, senescence 1s accompanied by
sudden, transient increase in ethylene production and respiration (e.g.
Carnations. Petunia. Gypsophila. Orchids etc.). whereas in non-climacteric
flowers (e.g. Gladiolus, Tulip, Iris etc) generally there is nO Increase in
ethyiene production and respiration during senescence.Molecules block
ethylene receptors such as cyclopropene (CP), 1 methylcyclopropene (1-
MCP) and 3.3-dimethylcyclopropene (3, 3-DMCP) and that block ethylene
biosynthesis a-(2-aminooxyvinyl Glycine) (AVG) and aminooxyacetic acid
{AUA) have been used to proiong the vase life of ethyiene-sensitive flowers
(45]

i Adethionine |
iputrescme]
| IR

Sparmidine synthacs

IpTIITIInT CXICEAT

1

| = = e e PR | foarcar—— ~€=ao = _.___'-:!
(REEtiyS SRAYES Sp=uIT I AN !!:nu-:n. oT Ut TS RTINT
4 N
Senescence and

1 - 1312 enes # i oaa
Expression of senescence - associat d gene ceil deatn

and ethylene pathways and their interrelationships 4% and

Fig 1: Polyamine :
g tioral senescence m

increasing ethylene production through Key events reguiaun
.. . ]
ethylene-sensitive species (2

4.2 Ahscisic acid

Ahseisic acid while applied exogenously accelerates petal senescence In

cut carnation and flower petals treated with ABA were more sensitive 1o
exogenous ethylene %. Along with it, there was a decrease in total protein
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. . the

b attached system, the

content and increased RNase activity. Hf_? I:'Smmatal pekiile 1)
eftects were reversible, probably because of closure 0

ptoms of flower

celerate the sym
Exogenous applications of ABA ac (5”1 Endogenous coiitent of
2 ABA presumabiy

wever,

senesceiice i carnation, rose aind udyhty Huwels (2

ABA increased during senescence in SIS (IS the senescence of
¢ s

induces sencscence independently of ethylenc action, as

52|
the tlower known to be cthylenc independent-Day lily P2,

5. Programmed cell death
Programmed Cell Death refers to any process by which cells ellmlqated
as a part of a developmental or adaptive event in the life cycle of organisms
F31 Petal senescence is one type of programmed cell death (PCD) in plants
which is a genetically controlled sequence of events during its final
developmental stage. These changes include chromatin condensation, DNA ."
fragmentation and nuclear fragmentation [5]. The changes are carried by two
mechanisms i.e., Apoptosis and Autophagy. In apoptosis, the principle
theory is that, the molecular events occurring in the mitochondria appear to
be a “point ot no return” tor the cell, an uitimate commitment to cell death
1531 Apoptotic cell death leading to petal senescence in ethylene-insensitive
flowers of gladiolus has been proven [ Autophagy in plant cells is a
process of degradation of the cytoplasm by lytic vacuoles that contain acid
phosphatases and other hydrolytic enzymes 7, Autophagy 1s assumed to be
involved in increasing vacuolar size, which is a morphological feature,
associated with autolytic PCD 1. Occurrence of autophagy during petal
senescence has been found in several flower crops like Jpomoea 301 Jpjg (111

and Dendrobium %,
6. TImprovement in shelf life of flower crops Y

6.1 I-methylcyclopropene (1-M CP)
Inhibition of ethylene biosynthesis is one of the most important methods
to retard pre-and post-harvest senescence of ethylene-sensitive flowers 1, |-
MCP is a potential non-toxic cthylene action inhibitor, which has a high
binding affinity to ethylene receptors suppressing the ethylene response
pathway 1. It used with cut tlowers (carnations, roses, narcissus, orchids
etc), potted flowers, and bedding, nursery and foliage plants to prevent
premature wilting, leaf yellowing, premature opening and premature death
(21, 221 The gaseous nature of 1-MCPmakes application to cut flowers
ditticult during cold storage 160] Theretore, consecutive research lead to

development of liquid formulation of 1-MCP which can be applied as pre

harvest spray 6!.62],
Page | §3

(E: Scanned with OKEN Scanner



6.2 Nitrous oxide

Whij:lﬂl;(?::‘fu?;;iils":lll :ll:slhll;:,l‘n;l l.lhi\q‘llil()lls gascous bioactive molcculc,
i i B spectrum  of path physiological and
ueveiopiniciiian piovesses ol living viganisins. It was iepoited that NO is a
nutural senescence-delaying plant nrowth reguluting agent acting primarily.
but not solely, by down regulating cthylenc emission. A Study revealed that
the vase life of flowers was extended by NO with an average extension of
aoout 60% with the range being about 200% for gorbera to 10% for
chrysanthemum compared with flowers kept in water, suggesting that NO
appears to have widespread appiicability to cut flowers and ofters a simple
technology to extend vase life (*l. Although NO has been reported to extend
the vase life of cut flowers %], the precise function of NO as signal molecule
mvolved in cut flower senescence 1s still unknown.

6.3 Kinetin

Cytokinin increases flower longevity by reducing respiration rate 161

Some studies indicated that, in rose petals kinetin increases net water uptake
A mmrssin Boam e wrioes wnble nemd dalases wotltlonn af natals cmmasialle sehon Moo
LSS -...-\Pmiumo LUdw PLI.“I.O [ gLV} th..-iﬂja ¥y il.l.u_ls i PUL;‘JID MQP\-ULUII)’ VY LIWil LWV ield
are subjected to heat (28 °C) and low relative humidity (40-50%) (66 They
also reported that Kinetin had no effect on protein content of rose petals
under these stressful conditions, but kinetin retarded the increase in RNase

AntiTTitey marmanller Anan i rann FlAaserara ot tha Annat
LW "itJ’ LIUJLI.IHKAJ Sblbwll Al LUOL IV VIO UL Wlw Vilowli

proposed to increase rose flower longevity by improving water balance and
delaying senescence processes.

nf o
i o2

6.4 Polyamines

Polyamines (PA’s) have been reported as effective anti-senescence
agents that have ability to retard chlorophyll loss, membrane deterioration
and incicase in RNasc and pivicase aciivities which help tv slow i
senescence process ). The major polyamines comprises pulrescine,
spermidine and spermine, which occur either naturally or as free bases or
bound to phenolics or other low molecular weight compounds. It has been
reporicd that PAs have the stimulative cffccts on cinhancing vasc lifc of
different flower crops like gerbera Ml and camation [ 41 mainly by
improving membrane stability. Exogenous application of spermidine has
been found to transiently dclay sencscence of Dianthus caryophyllus and
Petunia hybrida flowers, which has been implicated to be due to the ability
of free spermidine to bind to the main intracellular constitutive molecules

such as DNA and stabilizing their structures !
Page | 54
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7. Summanr

Senescence is the integral part of the normal developmef“alv cycle of
plants and can be view on a cell, tissue, and organ or organlzatlfJn IC\f’e[.
Several physivlogical faciors like waier relativis, membrane inicgrity,
carbohydrate metaboiism, nirogen melabolism, pollination, plant ﬂfUW.Lh
regulators etc and biochemical factors like ethylene biosynthesis, changes in
the antioxidant compounds governs the post harvest life of flowers. There

arc somc PGRs, which can dclay as well as can also accclerate the
seneseence. PGRs, which promote senescence, include ethylene, abscisic
acid, jasmonate, methyl Jasmonate, salicylic acid and brassinosteroids;
whereas cytokinins, auxins, gibberellins, polyamines causes retardation of
senescence. Further studies are needed to understand the mechanism as well

as to find cost effective Way to enhance the post harvest life of flower Crops. 0
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