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11us book IS the result of many years of fieldwork as consultants In posthaIVest hOrtlcultUl al
halldlmg and ploceSSIng technology, and has been wrttten to answer the many questIOns we have
been asked as we VIsIted small-scale growers, produce packers, handlers, slippers and marketers
throughout the US and In a WIde range ofdevelopIng countnes Between us we have worked m
many states ofthe US and m more than 20 countnes In Afnca, the Canbbean, Latm Amenca ASIa
and Emope Dunng our assIgnments we have aSSIsted produce marketels and processors to
IdentIfY causes and sources of losses and have developed programs and tlammg matenals for
teachIng local handlers to use practIces that will reduce posthaIVest losses mamtaIn qualIty and
ensure food safety

An eallIer manual produced as part of the PosthaIVest HortIcultural Senes Small-scale
Postharvest Handlmg Practices A Manualfor HOlticultwal Crops (KttInoJa and Kader, 1995)
Introduces many of the tOPICS that we cover m more detail m thIs book We have mcluded
mformatIOn gathered fiom hundleds of pubhshed books, Ulllverslty and governmental repOlts,
hortIcultural magaZl.lles, trade pubhcatIOns and unpubhshed sources Our IntentIOn IS to prOVIde
specIfic recommendatIons for haIVestmg, hand.hng, stonng, processmg and marketIng a WIde
vanety of crops cunently bemg handled under a vanety of condItIOns In small-scale hortIcultural
operatIons In IndIa, Cahfolllla, other U S states and other countnes WhIle the U S IS known for
ItS large commerCIal farms, the 1990 USDA Yearbook of Agnculture reports that nearly 65% of
U S fanns are classIfied as "rural reSIdence" or part-tune farms, WIth less than $25 000 m annual
sales Another 21% are classed as "small commerCIal" farms WIth annual sales of less than
$100,000 In IndIa the average SIZe ofland holdmgs place most producers mto the small-scale
category, as m most developmg countnes the vast maJonty ofproducers are fannmg a fewacles
or even less HOltlculturahsts may grow only one commodIty or a lll1X ofcomplementary crops

SInce so many lIllproved posthaIVest technologIes have been developed dunng the past few
decades, we first had to narrow our focus to those practIces most hkely to result In 1IDilledIate
benefits to small-scale produceis and/or marketers Our cntena for benefits Included posthaIVest
loss reductIOn, qualIty and value mamtenance and protectIOn of food safety at reasonable cost
Most lIllportantly, the examples we cover ill Parts I and-Il- were chosen for therr potentIal to
enhance the econ01ll1l", value ofhoItlcultural produce and lIllpiove econ01ll1C returns to glowers
and dIrect marketers Where necessary due to space htmtatIOns, we refer readers to well-known
books on IndlVldual postharvest handlIng and processIng tOpICS For example, there have been
many excellent books pubhshed on the comphcated process of produce marketmg, and we must
lefel leaders to these for complete detaIls on the vanous tradItIOnal wholesale and retad and the
alternative market'ug optIons outlmed In tills book Rathel than rehash tills publIshed InformatIon,
our focus In Part ill IS upon the posthaIVest technolOgIes that must be understood and utIlIzed for
small-scale marketers to achelve success In therr endeavors usmg whatever marketmg stl ategIes
they detennIne are most SUItable for therr crops, locatIOn and culture

May 1998
L KitmoJa and J R Gorny
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INTRODUCTION TO PART I
FRESH HANDLING TECHNOLOGIES

Successfully marketmg fresh hortIcultural produce begms WIth pIoductlOn of a quahty product

and reqUITes careful attentIon to the details illvolved ill postharvest handhng whIch protects

quahty, nutntlOnal value, econOlll1C value and assures food safety As a producer, handler and/or

marketer of fruIts or vegetables you already have some expenence WIth the many steps of

postharvest handhng ofhortIcultural crops and the general flow ofproduce from field to market

Small-scale growers and dIrect marketers worldWIde often express concern over produce losses

and quahty changes durmg handlmg that decrease therr return on illvestment, and have to deal

WIth consumers' concerns about loss of nutntlOnal value and perceptIons of problems WIth food

--safety Cho()~mg Lhe must belleficlal postharvest practIces can be a complex deCISIon, based

l pon the needs of the commodIty, cost of the technology, available market outlets and the

desued level of mvolvement of the marketer Luckily, there are many SImPle postharvest

handlmg methods from whIch to choose whIch will aSSIst you to protect the value of your

produce and Immeillately Improve yom 1eturn on mvestment

Whether you sell to wholesalers or market your produce drrectly to consumers, the chOIces you

make dunng productIOn, handlIng and marketmg have an Important effect on your own profits

as well as upon the qualIty, nutntIOnal value and safety of the fresh fruIts and vegetables you

grow and sell After spendmg a great deal oftnne and money on crop productIon, It makes sense

PART I FRESH HANDLING TECHNOLOGIES FOR HORTICULTURAL PRODUCE
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to spend a httle more money to protect Its value after harvest The table below lIsts some ofthe

types of posthaIvest losses, quahty detenoratlOn and safety problems encountered dunng fresh

produce handlIng and marketmg Losses can be econOmIC (loss ofvalue), phySIcal (weIght loss

or decay), cosmetIc and/or nutntlOnal For example, tfyou sell your produce by weIght, any loss

of water will be expenenced as a dIrect loss of mcome smce you will have less produce to sell

When produce IS graded by qual1ty standards before sale, any mechamcal damage, shrIvel color

changes or pest problems will put your produce ill a lower grade, and lower Its value compared

to the lughest quahty produce

IMPORTANT TYPES OF POSTHARVEST HORTICULTURAL LOSSES,
QUALITY DETERIORATION AND FOOD SAFETY PROBLEMS

ENCOUNTERED BY PRODUCE HANDLERS AND MARKETERS

Problems
Water loss (weight loss)

Water loss (loss of textural quality)

Mechanical damage

PhYSical losses due to pests

Contamination

Losses from phySiological disorders
due to temperature

Losses from phySiological disorders
due to nutnent Imbalances

Losses from phySiological disorders
due to atmosphenc gases

Losses due to continued growth
and developrne'lt after 'larvest

Nutntlonal losses

Examples
Shnvellng WIlting of fruits and vegetables

Softening limpness loss of cnsplness or JUICiness

Bruises cuts surface abraSions or crushing

Fungal and bactenal diseases Insect attack

SOil pathogenIC bactena (SOil-borne disease)
Pesticide and chemical reSidues

Chilling injury freezing injury heat injury sunburn

Calcium deficiency (bitter Pit blossom end rot)
Boron tOXICity

Ethylene damage (russet spotting, npenmg)
low oxygen or high carbon dioxide
(phYSiological breakdown)

Rooting sprouting shoot development
elongation and curvature of asparagus
greening of potatoes fiber development
seed germination inSide fruits compostltlonal
changes (loss of color flavor softenIng)

Loss of stored carbohydrates VItamin C

PART I FRESH HANDLING TECHNOLOGIES FOR HORTICULTURAL PRODUCE
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The first part of thIs book WIll assIst you to IdentIfy and utthze scale-appropnate, cost-effectIve

posthatvest technologIes for handlmg fresh horticultural produce to

Reduce posthatvest losses due to water and weIght loss, decay and physIcal damage

• Mallltalll produce qualIty (color, flavor, texture, appearance, nutntIOnal value, etc) and

economIc value dunng posthatvest handllllg, storage and transport

Increase shelfhfe WIth propel temperature and relatIve hmmdlty management

Assm e food safety durmg fresh handllllg

Increase mcome by adoptlllg those posthatvest technologIes that are most profitable for your

small-scale operatIon

RETURN ON INVESTMENT

There IS a tendency to worry that pUttlllg tIme and

money llltO new posthatvest technology will be a waste

of resources, Slllce buyers will not apprecIate (and be

willmg to pay for) the lllvestment requIred to Improve

quahty In fact, any Improvement you can make IS

hkely to lllcrease the value ofyour produce to the pomt

where you will eventually be able to charge lower

przces and still have more profit than you make now l

Dr WE Demmg descnbed the theory of total quahty

management (TQM) many years ago for llldustnal

productIOn, and PIS Ideas, illustrated here, can help

hortICultural producers and marketers understand how

fOCUSlllg on produce qualIty can lead to decreased Ulllt

costs and ultimately to lllcreased return on mvestment

The table whIch follows lIsts some of the common

practices that contnbute to posthatvest problems from

ple-hatvest factols and hatvestmg methods through

packmg, storage and SIUPPlllg to fresh marketmg In

Decrea<;e Cost<;

Improve
ProductiVity

Decrease Pnces

ProVide More
lobs

Increase Return
on Investment

I>cmmg s 1 or II Q 11hl\ Mdll IgcmCIl[
(l QM) ( h .1Il RC"lltlOlI

PART I FRESH HANDLING TECHNOLOGIES FOR HORTICULTURAL PRODUCE
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general rough handlmg (mechamcal damage) and poor te'llper1ture manage1Jlent (madequate

coolmg) are the cause ofthe most postharvest problems DIrect marketers such as truck farmers,

market gatdeners and farmer's marketers have the most opportumty to reduce losses and quahty

problems, smce they at e responsIble fOt fresh produce thoughout productIOn, dunng harvest, and

are lllvolved 111 all the steps of packl1lg, storage and transport as well as destmatIOn handhng

dunng marketmg to 1etdllers or consumers

COMMON HANDLING PRACTICES AND CONDITIONS AFFECTING
POSTHARVEST LOSSES, QUALITY AND FOOD SAFETY

Pre-Harvest
Inadequate plannIng regardIng plantIng and harvestIng dates or growmg cultlvars that mature vvhen
market pnces are lowest
Production of cultlvars VV1th high yields but short postharvest life or susceptibility to postharvest pests
and diseases
Use of poor quality planting matenals
Over-fertilization of vegetables VV1th nitrogen
Lack of use of calCium sprays for pome fruits
Inappropnate lITIgation practices (too close to harvest date)
Poor orchard and field sanitation leadIng to latent Infections and Insect damage
Lack of prunIng and/or thInning fruits leading to small sized fruits VV1th non-uniform maturation
Lack of pest management (lack of spraYing for Insect or fungal control bagging or USIng mesh nets to
cover produce susceptible to Insect or bird damage)

Harvest
Harvesting at Improper matunty leadIng to Increased seventy of storage disorders lower eating quality
(poor flavor and/or texture) failure to npen or excessive softening
Use of rough and/or unsanitary field containers
SOil contamination of produce
HarvestIng dunng the hot hours of the day
Rough handling droppIng or throVVlng produce fIngernail punctures
LeaVIng long or sharp stems on harvested produce
Over-packing of field containers
Exposure to direct sun after harvesting

Curmg
Lack of cunng or Improper cunng of root and tuber crops that are destined for storage
Improper dryIng of bulb crops before postharvest handling packing and storage

Packmghouse Operations
Lack of proper sorting
Lack of cleaning washing or sanitation
Rough handling
Severe drops and lack of pads on conveyors/ grading equipment
Improper or excessive tnmmIng
Misuse of postharvest treatments (over-waxing Inadequate chlonne In wash water misuse of hot water
dips for pest management)
Use of Inappropnate chemicals or misuse of registered compounds

PART I FRESH HANDLING TECHNOLOGIES FOR HORTICULTURAL PRODUCE



CHAPTER 1 INTRODUCTION TO PART I Page 1 5

Long delays WIthout coolmg
Lack of accepted and/or Implemented and enforced quality grades or standards for commodities

"India wastes more fruit
and vegetables than are

consumed In the whole of
the UK" Cumulative

waste IS estimated at about
40% of the total production

value Much of the
produce becomes inedible

Within a day or two of
harvesting

Packmg and Packagmg Materials
Use of flimsy or rough packing containers
Lack of liners In rough baskets or wuoden crates
Contamers designed WIthout adequate ventilation
Over-use of packing matenals mtended to cushion produce (Interference WIth ventilation)
Over-Ioadmg containers
Use of containers that are too large to proVide adequate product
protection
Misuse of films for M A packaging over-reliance on MAP
versus appropnate temperature management

Cooling and Humidity Control
In developing countnes and farmer's markets general lack of
the use of any methods of cooling dunng packing transport
storage or marketing of fruits or vegetables
In developed countnes use of Inappropnate cooling methods
misuse of cooling methods over-cooling (chilling mJury
freezing)
Lack of efforts to maintain high relative humidity (RH) dunng
coolmg and storage
Inadequate monltonng of temperature and chlonne levels m
hydrocooler water

Source FoodTalk (March 199&)
Storage
In developing countnes general lack of storage facIlities on-
farm or at Vvilolesale or retail markets lack of ventilation and
cooling m eXlstmg on-farm facilities
Poor sanrtatlon and Inadequate management of temperature and RH In larger scale storages
Over-loading of cold stores (too much produce for cooling system speCIfications)
PlaCing vvarm produce mto the cold room
Stacking produce too high (beyond container strength)
MIxing lots of produce WIth different temperature/RH requirements
Lack of regular mspectlons for pest problems temperature/RH management

Transportation
Over-loading vehicles
Stacking heavy produce on top of delicate produce
Loading refngerated vehicles WIthout pre-cooling (both the vehicle and the produce)
Use of bulk transport or poor quality packages leading to compression damage
Lack of adequate ventilation dunng transport
Lack of air suspensions on transport vehicles
Rough handling dunng loading
Lack of coolmg and heat gain dunng delays (tumlng off the refngeratlon unit or leavmg produce
exposed to the sun)
Ethylene damage and/or chilling injury resultmg from transportmg mixed loads

PART I FRESH HANDLING TECHNOLOGIES FOR HORTICULTURAL PRODUCE
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DestmatlOn Handling
Rough handling dunng unloading
Lack of sorting poor sanitation Improper disposal of culls
Improper de-greening of CitruS crops and misuse of npenlng practices
Lack of cooling and humidity control dunng temporary storage
Handling mixed lots of produce leadIng to ethylene damage and/or chilling Injury
Lack of protection from direct sun dunng direct marketing
In LOCs and farmers markets open markets exposed to sun, vlJmd dust, rain
Over-cooling In supermarket displays of chlllmQ-JnJury susceptible produce

There are many affordable sunple to use posthaIvest technologIes avaIlable to aSSIst small-scale

growers, handlers, shIppers and dIrect marketers to aVOId many of the problems and condItIOns

hsted above The first part of the book proVIdes detaIled explanatIons of specIfic technologIes

for handhng fresh produce such as curmg, field packIng, forced-aIr coohng, and on-farm storage

practIces You can try these for yourself on a small scale, work out your actual costs and benefits

for the crop(s) you produce and sell, and make the nght deCISIOns for your own operatIon Usmg

the worksheets proVIded at the end of each part of the book, you can calculate your expected

return on mvestment and adopt only those practICes that will mcrease your profits And If you

hke to "dO-It-yourself' you can construct many of these technolOgIes usmg snnple tools, readily

avaIlable parts and mexpensJVe buIldmg matenals

We recommend that you begm by carefullylosses

revIewmg your operatIon usmg the CommodIty Systems

Assessment Methodology questIons Illcluded III AppendL'\,

A Answenng these questIOns for a specIfic commodIty and
PlckJng Bag

Chapters 2 through 9 focus upon the specIfic postharvest technolOgIes useful at each step of the

postharvest cham that are recommended for producmg, handhng and marketmg lngh quahty fresh

fruItS and vegetables Many of these practIces are snnple to adopt and reqUIre httle mvestment

Each chapter begms WIth a bnef mtroductIOn of generally

recommended practIces and a hst of DOs and DON'Ts f01

acillevmg hIgh quahty The chapters also contam detaIled

mformatlOn on more complex technolOgIes that have been

shown to be useful m reducmg postharvest hOrtICUltUl aI
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fillmg out the CSAM worksheets Wlll help you pmpomt areas where you may be able to unprove

quahty, reduce losses and mcrease yom profits Ifyour loss assessment leads you to one specIfic

area where you have sIgnIficant problems Wlth physIcal losses, quahty mamtenance or food safety,

you can refer drrectly to the chapter that covers that component

Each chapter concludes Wlth a dIScussIon of the expected costs and benefits of the related small

scale postharvest technologIes, along Wlth a sImphfied example of how to calculate return on

mvestment You should use your actual costs and the market pnces you expect to receIVe for

yom plOduce to compme your own costs and benefits Wlth the examples gIVen In many cases

you may have lowel costs due to lower local labor costs or because you can build a pIece of

postharvest technology, modIfY an eXlstlllg bmldmg, or buy a used model rather than purchasmg

new eqUIpment

Chapter 10 dIscusses food safety Issues and outlmes the

Iecommended steps of a HACCP (Hazard AnalysIs Cntlcal

ContlOl Pomts) plOgram for preventmg food-borne illness

when handlmg fresh produce We have mc1uded thIS tOpIC

because we beheve that as consumers and governmental

agencIes become more concerned Wlth outbreaks offood-borne

dIseases such as those that have been tound m flesh produce

(Salmonella and vrrulent E Cob strams), produce handlers will

lllcreaslllgly be requrred to show eVIdence of the actIOns they

have taken to prevent food safety problems

HACCP

WORKSHEETS

Worksheets that are deSIgned to help you determme whether your adoptIon of the dIscussed

postharvest technology Wlll be somethlllg that lesult m profits for your operatIOn are mc1uded at

the end of Palt I The speCIfics Wlll depend upon the crop you grow and sell, the cost of makIng

changes and the expected outcomes (Yields, grades and the assocIated market pnces) Profits may

be enhanced due to hIgher produce qualIty (hIgher grades, larger SIzed produce, better flavor, etc),
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WORKSHEETS

1 BaSIC
InformatIon

highel volume of sales (lower losses due to less wdter

loss 01 leduced decay problems) or hlghel economic

value 1elated to nnproved food safety higher

nutntlOnal value or to marketmg an early ClOp 01

otherWIse extendmg the season

Worksheet I focuses on collectmg basIc mfonnatlon

needed for producmg and marketmg crops of any kmd

(overhead, expected yIelds, est1Illated postharvest

losses, anticipated market pnces) Worksheet 2

requIres that you calculate and hst the actual dIrect

costs mcurred when you grow, handle, store and/Ol
4 Recovery of

Invested CapItal

3 Expected
Benefits

2 Total Costs

market a horticultural crop Much of tlus you should

know from your day-to-day recordkeepmg for runmng

your busmess Worksheet 3 outlmes expected benefits

m terms of produce quahty grades, sales and profit, and Worksheet 4 helps \OU to determme the

return on mvestment (leadmg you through the calculatIOn of how long It will take to recover

mvested capital) If you are not sure of the market pnces you may receIVe, you can do the

calculatIOns for a worst case (lowest pl1ce) and best case (lnghest pnce) scenano and detellllme

whether your mvestments will be worthwlule Wlthm that range ofpossible outcomes
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PRE-HARVEST PRACTICES
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HIgh quahty hortIcultural produce IS appeahng m color, flavor, texture, and aroma Consumers

expect that the plOduce they buy IS safe to eat and has good nutntlonal value Certam produce

ofany type ofcommodIty may be more htghly valued due to consumer preferences for SIZe (very

small, or extra large), shape (htghly umform or novel m some way), flavor (sweetness or

mtensIty) or availability (earher or later than dunng the usual season) In the U <; , market pnces

for orgamc produce are often much htgher than the pnces for conventIOnally grown produce,

leadmg some growers to aVOId the use of agncultural chelTIlcals and choose cultural practIces

that may be more labor mtenslVe Smce even the best postharvest handhng practIces cannot

Improve produce quahty after harvest, It IS very Important for producers to use pre-harvest

practIces that will enhance 1ll1t1al quahty and assure food safety whtle ensunng a profit

TIns chapter presents mformatlOn on selectmg cuItlvars, usmg cultural practIces dUflllg

productIOn that promote htgh postharvest quahty (field sa111tatlOn, mtercroppmg, trelhsmg,

prunmg and thtnnmg, certam fertilizatIon and lITlgatIon practIces), pre-harvest practIces that can

extend the harvestmg penod (choIce of commodItIes for early or late plantmg protectmg plants

from excessIve cold, heat and pests) and practices that add value (blanchmg vegetable crops,

deflowermg herbs, usmg sproutmg InhIbItorS on bulb crops)
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GENERAL DOs AND DON'Ts FOR PRODUCING
HIGH QUALITY FRUITS AND VEGETABLES
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When choosing cultlvars, consider yields but also consider postharvest characteristics
and susceptIbility to postharvest pests and diseases

Plan planting/harvest dates, select cultlvars that mature when market pnces are high
and demand for the product IS high (avoid penods of glut)

For perennial crops such as tree fruits, plant a vanety of culhvars to extend the harvest
and marketing penod

Select cultlvars With unusual charactenstlcs (heirloom vanetles, different colors or
shape vanatlons, produce for ethnic cUIsines) to take advantage of market niches

Use clean, healthy, high quality planting matenals

Avoid over-fertilization With nitrogen (reduces quality, Increases susceptibility to
decays, Insect damage and storage disorders)

Take care WIth animal manures and Incompletely composted matenals used as
fertilizers (prevent contact With produce) Make sure a minimum safe Interval of time
has passed between application and harvest

Test SOils for pOSSible contaminants If you suspect that animals have had access to
the field, the field has ever been used as a feedlot, land fill or waste site

Avoid wetting the leaves and frUits of plants when Irrigating to minimize the spread of
disease

Avoid over-IrrigatIon durrng the weeks before harvest (decreases produce firmness,
Increases storage problems)

Practice orchard and field sanitation to prevent latent fungal infections and Insect
damage (Remove mummies from frUit trees, remove dIseased produce left In the field
or on the orchard floor, do not leave culls In the field, and clean field binS that have
been In contact With SOIl contaminated With Innoculum)
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Use appropnate pest management practices (spray for Insect or fungal control, bag
produce susceptible to Insect or bird damage, rodent or Insect traps, etc)

Use fine-mesh nets (about 10 threads/cm or 20-30 threads per Inch nylon mesh) to
protect against bird damage

Enhance quality by uSing appropnate cultural practices (calcium sprays to prevent
bitter Pit In pome frUits, pruning and/or thinning to Increase frUit size for stone frUits,
blanching asparagus, celery, cauliflower, leeks and endives, use of ethephon spray
to spur Uniform npenlng In tomatoes)

Extend the season by uSing appropnate technologies to plant earlier and/or harvest
later (hot-caps, row covers or plastiC tunnels, shade cloth, mulches, etc)

Consider the pre-harvest application of ethephon {(2-chloroethyl) phosphonc aCid} to
promote Uniform npenlng of tomatoes grown for processing

SELECTION OF CULTIVARS

VIrtually all postharvest quahty charactenstics ofhortIcultural crops are genetIcally programmed

and will vary naturally by cultlVar As a small-scale grower, you can choose to produce cultlVars

that have those specIfic quahty attnbutes that are most htghly valued by your customers You

can plant a vanety ofcultIvars ofthe same commodtty to extend the harvest penod--for example,

'SIerra Crest' peaches begm to mature m Cahfofllla dunng early May, 'June Lady' and 'RIch Lady'

mature m June, while July blmgs 'Faye Elbelia', August 'O'Henry' and 'Ryan Sun' The last

peaches to mature m September are 'September Sun', gIvmg you nearly five months ofhalvest

The followmg are JUst a few of the many vanetIes ofhorticultural produce available Many seed

companIes can proVIde you With full color catalogs and detailed descnptIons oftherr products

Check With your local extension agent tfyou need assIstance to ensure you choose cultlVars that

are well SUIted to your specific clImate, daylength, SOllS and growmg condttlOns Ifyou save your

own seed, always select seed from your htghest quahty produce to ensure contmumg htgh qualIty

production

PART I FRESH HANDLING TECHNOLOGIES FOR HORTICULTURAL PRODUCE



CHAPTER 2 PREHARVEST PRACTICES

Vanetles with supenor or unusual flavor, color or texture

Apncot/Plum crosses (pluots or black apncots)-- from Russia India North Afnca

P'lge 2 ...

Bemes-- thomless cultlvars of blackbemes raspbemes boysenbemes excellent for Plck-Your-OWl
operations Canby raspbemes are thornless extra large heavy beanng and have supenor color and
flavor

Chard- cultlvars are available VVlth green vvtllte pmk red orange or yellow stems

CUGumbers-- lemon Armenian, "burpless" vanetles

Garhc-- purple bulbs and hot vanetles (Korean) elephant garlic

Heirloom vanetles-- thousands of rare fruits and vegetable seeds VVlth
excellent flavor charactenstlcs are available through the Seed Savers
Exchange

Peaches-- 'Peento' vanetles from China are flattened ~'"lIte-fleshed

self-fertile

Salad greens-- proVide a vanety of chOices to consumers arugula
batavia lettuce beet greens chervil chiCOry com salad cress
dandelion endive escaroles fennel mustard greens New Zealand
spinach purslane radicchio red-leafed lettuce romames sorrel
spmach tumlp greens

Strawbemes-- Locally produced vanetles VVlth excellent flavor Include
'Earllglow 'Sparkle' and 'Jewel' (Northeast and Midwest US)
'Cardmal' (Southern US) 'Totem' and 'Redcrest' (Northwest) and
Chandler' (Western US) 'Alpine' vanetles are white or yellow VVlth a
hint of pineapple flavor

Sweet com-- 'sh2' 'SE/se' vanetles are higher In sugar content r'1ust
be Isolated In time or distance from other cultlvars dunng production

Tomatoes-- 'BrandYVVlne' an 1885 Amish heirloom vanety has supenor
flavor and pinkish fruits 'Sungold' IS a heavy-beanng orange-fruited
cherry tomato

Watermelon- Some Japanese vanetJes have pineapple-colored flesh

Taking advantage of a marketing niche

ASian vegetables-- "ethnic' produce for specialty markets restaurants
and aSian CUISine

Basll-- vanetles Include lemon cinnamon spicy and purple as well as
sweet baSil

Lettuce-- mini Iceberg lettuce cultlvars make a salad for one person

Culnvars
recommended by
IAR I

Tomatoes
Pusa Early Dwarf
PusaRuby
SIOUX

Marglobe
Best of All
La Boruta
Pusa 120
Pusa Sheetal
Pusa Gaurav
Intahan Red Pear
Roma

Bnn]al
Pusa Purpla Long
Pusa Purple Round
Pusa Purple Cluster
Pusa Krant!
Pusa BhaIrab
PusaAnupam

Source Choudhury 1998

Plum/Prunes-provide cultlvars VVlth lower water content for processing (drying canning) including
'Italian Prune' 'Valor' and 'Impenal Eplnease' (conSidered the world standard for high quality)
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Shallots- gray shallots have a very high value compared to other vanetles

Page 25

Tomatoes- provide cultlvars Wlth meatier flesh lovver water content for processing
'Super italian Paste IS very sweet Wlth little JUice and few seeds makIng It excellent for
drying or canning

Extendmg the season with early or late harvests

Blackbemes-- 'Black Butte' and 'Siskiyou' npen weeks before peak berry season

Broccoll-- Saga' IS productive In warmer weather than other vanetles

Caullflower- Early Kunwan and Early Patna Late Danra Snowball-16 and Pusa
Hlmjyotl

Chard-- long season SWISS chard can become a perennral In warmer climates

Chinese cabbage-jol chol IS slower to bolt larger and faster groWlng than other
vanetles of pac chol or bok choy

Grapes-- 'Autumn Royal a seedless purple grape can be marketed In the US until
mld-January

Green beans-'Venture' and 'Royalty' Wlil produce well In cooler weather

Lettuce-- 'Red Salls' 'Mantilla' resist bolting In warm weather

Onlons-- produce a pungent cultlvar Wlth multiple uses (harvest young shoots thmnmgs
as green onions small bulbs as cooking onions then allow the remainder to mature
cure for storage)

Peas- Early Asaujl and Meteor Late N P 29

Peaches- Spnng Baby' and 'Spnng Gem' are new early season vanetles \/vtule
'Autumn Red' npens later than usual

Potatoes- harvest young new potatoes of 'Yellow POTATOES
Finn' golden or red-skm,led cultlvars (gently 11ft vines
after loosening SOIl remove the small potatoes and very early 'Kufh Alankar'
replant) then allow the plant to grow to full matul1ty

Strawbemes- 'Firecracker' and 'Independence' begin early 'Kufu Chandramuklu'
npemng In the US around JuJy 4th and bear fruit up to
3 weeks longer than other cultlvars late 'Kufu KIsan'

Tomatoes-- 'Oregon Spnng Sibenan WlII produce
well In cooler weather frost resistant

'Kufu Sheetman'
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Optlmlzmg shelf life and storage potential

P'lge 26

Generally fruits and fruit vegetables that have a shorter production season and mature earlier have a
shorter storage life than slower-matunng cultlvars
Apples-- cultlvars Vv1th the storage potential of 5 to 6 months under normal cold storage are DelicIous
Golden DelicIous Granny Smith Rome Beauty Spartan and Winesap

Beets- Winterkeeper' can be allowed to grow to enormous size Vv1thout flavor problems

Cabbage-late cultlvars (harvested In the fall) store well for 5 to 6 months at 0 °C compared to 3 to 6
weeks for early spnng vanetles The longest keepmg cultlvars belong to the Danish class and Include
Dutch WhIte' 'Hldena' and Bartolo' V'Allch store up to 10 months

Garllc-softneck garlics store better than hardneck (w::>ody stem) cultlvars

Lettuce-- Flonda Buttercnsp IS a hybnd Vv1th more durable
leaves resultmg In less damage dunng handling

Melons- St Nick' melon has deep green stnped nnd and
cream-colored flesh stores for 2 months after harvest

Onions-high SSC pungent cultlvars store better and longer
than sweet cultlvars Khanf crops do not store well
- onions grown from seed store better than onions grown from
bulbs
-'Sweet SandVv1ch' requires no chemicals to Inhibit sproutmg
(stores 9 months)

Pears- 'AnJou' 'EI Dorado' and 'Winter Neils pears can be kept safely for
storage (-1°C)

6 to 8 months In cold

Potatoes-late fall harvested cultlvars are less susceptible to Fusanum spp (dry rot) In storage than
early cult/vars Kufn Chandramukhl IS high yielding and keeps well In storage

Radlshes- Winter cultlvars can be stored for 2 to 4 months compared to spnng cultlvars Vv1th a storage
life of 3 to 4 weeks

Squash-CurcuMa maxIma (Hubbard) stores well up to one year

Tomatoes-- Extended Shelf Life (ESL) cultlvars contam a gene that slows npenmg and must be
harvested at the pink stage or later for optimum quality

Watermelon- Katagola has very good keeping quality

Disease Resistant Crop Varieties (Sources Hart 1995 and Choudhury 1998)

Apples-- Liberty' 'Pnscilia Pnma

Asparagus-- Jersey Giant Mary Washington

Beans- 'Derby' 'Greensleeves' Tendercrop and Top Crop' (snap beans) 'Kentucky Wonder' (pole
beans) and Eastland' (lima beans)
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Broccoll- Green Comet' 'Emperor' hybnds

Cucumber- 'Early Pnde' 'Salad Bush' and 'S'llleet Success Amlra' hybnds

Eggplant (BnnJal)- 'Vittona' hybnd

KIVv1frult- 'Issa.' a hardy kl\llll

Page 27

Lady s Fmger (okra)- Parbanl Kvantl IS resistant to ym ViruS Pusa Sawanl resists yellow-vein mosaic
ViruS

Melons--'Ambrosla hybnd 'Bush Charleston Gray 'Edlato' 'DIXie Queen' 'S'llleet nEarly' hybnd 'Sweet
Dream' hybnd 'S'llleet Favonte

Peas-- 'Green ArrovJ Maestro' 'Sugar Bon Sugar Snap

Peppers-- 'Golden Summer' and Gypsy' hybnds 'Bell Boy Lemon Bell

Potatoes-- 'Kennebec' Up-to-Date Kufn Kumar has high resistance to late blight

Pumpkm--'Baby Bear'

Raspberry-- many vanetles

Spmach- 'Melody' hybnds

Strawberry-- 'Allstar' 'EarllglovJ 'Guardian' 'Surecrop'

Tomatoes-- 'Roma 'Better Boy' 'Parks Whopper' Better Bush' 'Celebnty' 'Big Pick'

Watermelon-- 'Cnmson Sweet'

MAll.- ORDER AND INTERNET SOURCES OF SEEDS AND PLANTING MATERIALS

B.lrgess Pla,t and S~ed Co 905 Four Scaso,s Road Bloonu,gton I1hnots 61701

Burpee Co 300 Park Avenue Wanmnster Pennsylvama 18974

Cahforma Rare FrUit Growers Inc POBox W EI Cajon CA 92022

the Cook's Garden POBox 65054 Londonderry Vermont 05148 ($1 for catalog)

Garden CIty Seeds (406) 961-4837

Gurney's Seed and Nursery Co 110 CapItal Street Yankton South Dakota 57079

Henry FIeld's Seed and Nursery Co Shenandoah Iowa 51602

HortIcultural Network (HortNet) www hortnet com

Ie Jardm du Gourmet POBox 75 St Johnsbury Center Vermont 05863
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Johnny s Selected Seeds 299 Foss Hl1l Road Albion Ma1l1e 04910

LeMarche Seeds Int I POBox 190 Dixon Callforma 95620 ($2 for catalog)

Nqtlve Seeds/SEARCH 2509 North Campbell Ave SUIte 325 Tucson Anzona 85719

Oregon ExotIcs Rare Fruit Nursery 1065 Messmger Road Grants Pass OR 97527 ($2)

Owen Nursery 2300 East Lmcoln Street Blool1ul1gton IllinOIs 6170 I

Park Seed Company Inc POBox 46 HIghway 254 North Greenwood SC 29648

Ramtree Nursery 391 Butts Road Morton Washmgton 98356

SeedQuest OnlIne www seedquest com

Seed Savers Exchange RR 3 Box 239 Decorah Iowa 52101 ($1 for brochure)

Shepherd's Garden Seeds 7389 West Zayante Road Felton CA 95018 ($1 for catalog)

Stokes Seed Company POBox 548 Buffalo New York 14240

Stokes Seeds Ltd POBox lOSt Cathennes Ontano L2R 6R6 Canada

Terntonal Seed Company POBox 157 Cottage Grove Oregon 97424-0061

The Tomato Seed Company Inc POBox 1400 Tyren NC 28782

COMPARISON OF ESTlMATED COSTS AND EXPECTED BENEFITS
RELATED TO DIFFERENCES IN THE PRODUCTION, HANDLING AND MARKETING
OF TWO CULTIVARS

Costs

New plantmg matenals

Land pI epm at10n (plowmg, plantmg, etc)

Delay between plantmg and first crop

Higher cost for l1llproved seeds

Potential Benefits

Lower productIon costs for new cultIVar

Higher market value for new cultlvar

Extended sea"on (earlIer or later)

\
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Example

AssumptIOn"

I) FOI the purposes of tIns example postharvest losses are assumed to be wnform for both

vanettes ofradlshes at 10% ofexpected YIelds

2) Most expenses for productIon and postharvest handhng for the two culttvars WIll be snrulal,

WIth the e"\.ceptIOn of mCI eased handhng/packagmg costs for the new cuitivar due to 111creased

YIelds

3) Only average retail pnces WIll be used 111 the calculatIOns HIgher pnces obta111ed for early or

late III the season ploduce WIll further 111crease the potential profits

e
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Current cultIvar Small round led radIshes are dllect seeded any tlille ofthe year dunng cool

weather at a rate of2 kg/O 1 ha and cost Rs 4400/kg Expected YIeld 111 26 days IS 12,000 kglha

and the average retail sellmg pnce IS Rs 5/kg

12,000 x 0 1 ha = 1200 kg

1200 kg x Rs 5/kg = Rs 6000

Ifpostharvest losses are assumed to be 10%, expected market value IS

Rs 6000- Rs 600 = Rs 5400

Cost of seeds = Rs 8800

PotentIal profit (for 0 1 ha 111 about one month) = Rs 5400/month - cost of seeds = Rs (-3400)

Net loss ofRs3400 per month

New w!tIvar Long wInte (DaIkon) bolt Ieslstant radIshes are drrect seeded dunng the late

autumn tInough spnug at 1/2 kg! 0 1 ha and cost Rs 2600/kg Expected YIeld 11160 days IS

30,000 kglha and the average retail sellmg pnce IS Rs 5/kg

30,000 kglha x 0 10 ha = 3000 kg

3000 kg '( Rs 5/kg = Rs 15,000

Ifposthmvest lo~ses are dS5UIDed to belO%, expected mcome before expenses IS

Rs 15,000- Rs 1,500 = Rs 13,500

Cost of seeds = Rs 1300

Potenttal profit (for °1 ha m about 2 months) = Rs 13,500 - cost of seeds = Rs 12,200

Rs 12,200 Imo dIVided by 2 months = Net plOfit ofRs 6100 Imonth
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CULTURAL PRACTICES THAT ENHANCE QUALITY, EXTEND THE SEASON
AND/OR AD D VALUE

In general the less perenmal the horticultural crop, the more mfluences the enVlfonment and the

cultural practIces you use WIll have upon produce qualIty But even WIth perenmal crops, the] e ]s

plenty you can do to protect your crops m the field or orchdrd and to ensure the productlOn hIgh

quahty, lugh value fuuts and vegetables

Field samtatlOn

Most growers of stone frUlts know they must remove mummIes from frUIt trees to reduce the

mc]dence of brown rot (Monolzma jructlcola), and growers of pome fruIts try to keep orchards

free offallen fuuts to reduce Mucor rot, but there are two other nnportant sources ofmnoculum

for vanous fungal pathogens and/or hosts for msect pests These are I) culls left ill the field or on

the orchard floor, and 2) field bms that have been m contact WIth soil contammated WIth

mnoculum

BASIC SANITATION PRACTICES INCLUDE
Remove mummIes from trees
Remove mummIes and fallen frUIt from the orchard floor
Remove culls from field and orchards
Keep field bIOS clean, smooth and 10 good repaIr
Cover areas where bIDS are kept wIth sawdust or wood ChIpS or use
traIlers to hold bIDS

ExtendIOg the season

QUlck matunng crops for cool season productlOn mclude baby carrots beets, cbmese cabbage,

leaflettuce and spmach Some qUlck matunng crops for the warm season are bush beans, summer

squash early tomatoes and early sweet com

Slow matunng extended-harvest crops for the cool season mclude peas kale Oluons and blUssels

sprouts Warm season crops that WIll contmue producmg over long penods melude lnna beans,

pole beans, cantaloupes, standard sweet com, cucumbers, eggplants (bnnJal), peppers, WInter

squash, pumpkms and mdetermmate tomatoes
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TIlere are a vanety of pre-harvest practIces that can extend the season by provldmg a degree of

plant protectIOn from excess cold or heat, maxIillIzmg sun penetratIOn and ventuatIOn or

encouragmg early productIOn

Mulchmg

Mulches can reduce evaporatIOn of watel by 10 to 15%, reduce

competitIOn from weeds and protect the loots of plants from

extremes m sou tempelatures Mulchlllg vegetables can mcrease

Yields, promote e3Jly harvest and reduce produce defects (such

as fmlt lots, sou contammatIOn) Orgamc mulches mclude plant

reSIdues, compost, nut hulls, peat moss sawdust, wood balk old

newspapers and composted annnal manUles (With the exceptIon

of clncken manure) Othel matenals used for mulchmg mclude

alummum fou and plastIC, winch can be lemoved at the end ofthe

glOWlllg season and reused for several years Plastic sheets

should be perforated to allow arr and water to leach the sou

Splitting or cracking of
pomegranates In India
can affect up to 50% of
the crop FrUits are
often harvested
prematurely to aVOid
frUit cracking, but
quality IS very poor In

thiS case the trouble
can be minimized by
Improving the water
retention capacity of the
SOIl by adding organic
matenals

Source Stngh 1998

Loose, dry mulches such as straw or wood clnps act as msulatlon

and protect agamst Ingh temperatures Use a thtck layer ofstraw-- at least 20 cm (8 mches), but

first make SUle the straw IS free of seeds Fmer mulches such as sawdust, compost or leaves can

be used as a 10 to 15 em (4 to 6 mch) layer

Whtte paper and reflective fous can keep sod about 3 to 6 °C (5 to 10°F) cooler than bare sou

Potatoes, summer squash and cool season crops such as broccoh and bmssels sprouts may benefit

from the cooler sou tempelatures and have mcreased ytelds

Black paper or black and tIansparent plastIC mulches will mcrease sotl temperature by 6 to 8°C

(10 to 15 OF) when compaled to bare sotl, rnd wtll encourage early plant development Melons,

cucumbers, peppers, pumpkms, squash and early crops of tomatoes and sweet corn will benefit

from sotl-warmmg mulches, and reward yon With earlIer harvests Sheet mulches need to be well

anchored to prevent Wind damage A layel of sod around the edges, or a few stakes or heavy

rocks Will keep the sheets from hftmg and flappmg m the Wind
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ProtectIOn from cold

Hots caps pla<;tlc tunnels, cloches, row coveiS and products such as "wall 0' water" are clear

plastIc products that plovide protectIon from frosts and cold mghts by keepmg plants wanner

than the outsIde aIr temperatUl es TIle clear pla<;tIc lets the SWl'S rays penetrate and wann the

plants and SUlTowldmg soIl, then slows heat loss from the soIl dunng the I11gbt (by reflectmg

mfra-red radIatIOn back to the plant) Up to two months can be added to each end of the

growmg season

inexpenSIve hot caps can be constructed for mdIVldual plants usmg empty, clean plastIC

contamers WIth the bottoms cut out (2 L soda bottles or 1 gallon mIlk contamers) Usually hot

caps are placed over plants when a frost IS expected, and are then removed dunng tile followmg

day Ifyou plan to leave the caps m place for several days, poke some noles m tne sIdes of the

bottles to proVIde for ventIlatIOn, and remove the caps to let heat escape dunng the afternoon

On a 15°C (60 OF) day, temperatures Wlder hot caps have been measured at 38°C (100 OF)

PlastIc tunnels are row covers that can be constructed from 4 to 6 mIl polyethylene sheets held

III place over metal, PVC or wooden frames Leavmg the ends open will allow for adequate

ventIlatIOn, but temperatures should be momtored to prevent heat damage Some growers

prefer to sht the plastIC toward the top of the tunnel to allow for more self-modulatIOn of

temperatures, but you still must pay attentIon to prevent buIldup of heat on warm days The

plastIC should be removed when soIl temperature reaches 15°C (60 OF) The same supportmg

frames can then be used for shade cloth agncultural fleece or antI-blfd nettmg

Hot caps PlastIC tmmels
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ProtectIOn from heat

Shade cloth blocks the SlUl'S rays to keep the

plants cooler than outsIde aIr temperature and

allow you to produce crops that would

normally bolt or become mferttle dunng very

hot weather You can choose from fabncs

that block up to 80% of the sunlIght (tIght

weaves), down to loose weaves that block

30%

SHADE CLOTH cools the soil
extends the season for lettuces peas cool
season vegetables

ProtectIOn from wmd

Wmds can cause lugh levels ofdamage to dehcate plants, and can be responsIble for heavy losses

due to frUlt drop The best protectIOn IS proVIded by fully grown trees or a strong 6 foot lugh

porous fence, but few growers have the luxury ofwaltmg years for natural wmd-breaks to grow,

or have any desrre to budd long lengths ofpermanent fencmg Agncultural fleece IS a very fine

polyethylene nettmg that can be attached to any sort of post or pole to make an mstant wmd

break Ifyou set up the nettmg perpendIcular to the preval1mg wmds, It will reduce wmd speed

by about 60%, and protect an area up to ten tlilles the area ofthe nettmg Nettmg that IS 6 feet

lugh and ';0 feet 111 length will protect 7000 to 3000 ~quare feet ofthe field

MaXImIZIng sun penetratIOn and ventilation

Prunmg and thmmng

Llmltmg the vegetative growth of crops such as tomato, pole beans and bemes wIll encourage

the remammg produce to mature faster l111nmng frUltlets m stone fruIt crops, removmg Side

shoots on tomatoes, and removmg runners of strawbemes results m the productIOn of larger,

bettel quahty fruits Severe prwllng ofbluebemes produces less but larger fiUlt, and encoUl ages

more new growth
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"GUAVA IS rarely pruned

In North India, but light

annual pruning after

harvesting to promote

vegetative growth and

flowenng IS deslreable "

Source Smgh.> 1998

For grapes, the general recommendatlOll IS to leave 5 or 6

canes on the most VIgorous, strong vmes, about 4 canes 011

moderately VlgOl ous vrnes, and only 2 or 3 canes on weaker

vmes StudIes m Cahfonua have shown that leavmg too

many canes on weak vmes wtll reduce produce qualIty and

further weaken the vmes over tune

The banana rhtzome produces many suckers contmuously

these compete WIth frmtmg and should be removed (Smgh,

1998)

When prunmg and thmnmg, there IS usuaJIy a trade-offto be

made between total YIeld and unproved quahty, but often the better pnce receIVed for lugher grade

produce will suggest that maXl1ll1Zmg yIeld will not maxnmze profits 1b.mnmg stone fruIts

mcreases frUIt SIZe while somewhat decreasmg total YIeld A cucumber plant IS capable of

producmg many medmm-sIZed or a few large fruIts whtle the total weIght ofcucumbers produced

will be about the same Removmg the first and second female flowers from pumpkm vmes will

mcrease the weIght ofthe rema1l11l1g fruIt, smce all the plant's energy will be drrected mto tlus one

fruIt

RECOMMENDATIONS FOR THINNING FRUITS

Apples

Chernes

Grapes

Peaches &
Nectannes

Pears

Plums

Thin fruit to an average of 6 Inches apart after natural fruit drop

No thinning required

Snip off parts of developing bunches to create the claSSIC cluster shape
and to Improve size and quality of individual grape bemes Gibbenilln
IS a gro\NI:h regulator used at the 20 to 80% bloom stage by some producers
to reduce berry set when grape vines are carrying a larger crop than they can
readily support

Thin to one fruit per cluster early In the season spaced about 6 Inches
apart

Thin pears to two per cluster after natural fruit drop

Thin large-fruited cultlvars to 3 to 4 Inches apart thin smail-fruited plum
cultlvars to 2 to 3 Inches between fruits
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Tlelhsmg

Encouragmg plants to grow upward upon trellises wIll maXlIlllZe sun penetratIon Into the canopy

and provIde good ventIlatIOn, lowenng the relative humIdIty alound the plants and reducmg the

lllcIdence of dIsease Improved hght penetration IS related to mcreased soluble soltds content

(SSC) and color development In beny crops Cucumbers will nearly double therr YIeld per plant

Ifttelhsed dunng productIon

TRELLIS for peas green beans
cucumbers squash small melons

ClOPS that benefit from trelhsmg

FfUltS-- blackbemes, raspbemes grapes

Vegetables-- pole beans, tomatoes, cucumbers squash,

sweetpotatoes and melons

Trellises can be constructed from poles, twme gnds,

metal cages, nylon nettmg, old screens or Wile mesh

You can be creatIve and build supports WIth whatever

spare matenals you have lymg about on the fann. It IS

llllportant the trellises are strong enough to support the

weIght ofthe plants and sturdy so they will not tIp over m

the wmd Heavy crops such as melons will requrre

support as they grow, and should be securely tIed to the trellis Some small growers make a slmg

of cheesecloth for the heavy fu...ltS and tIe these to the trellis Trellised plants may requrre more

rrngatton to prevent WIltmg m the heat of the day

TRELLISES
• keep produce

clean
• Improve quahty
• Increase yIelds
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FertilIzation and IrrigatIOn PractIces

P'lge 2 16

Source Choudhury 1998

A top dreSSing of N
fertilizer after each
cutting gives qUick
regrowth of green,
succulent leaves

NItrogen

For leafY crops, applIcatIOn ofrntrogen IS very Important fOl stnTIulatmg vegetatIve glOwth

Too much mtrogen fertilIzer can be the source of qualIty problems 111 many crops Excess

mtrogen Increases susceptIbilIty to brown rot (MollolmIG fructlcola) In peaches and nectannes

Blossoms ofunder-fertIhzed trees are the most reSIstant to InfectIOn Large amounts ofrntrogen

encourages vegetatIve productIOn rathel than frUIt developIQCnt and results III poor storage

qualIty of vegetables HIgh mtrogen fertilizatIon IS related to

mcreased water loss m storage for sweetpotato, decreased flavor

m celery, decreased ascorbIC aCId content m potatoes and

cabbage, and the development ofhollow stem m broccoh HIgh

levels of mtrogen fertthzer contnbute to bItter pIt m apples,

mcreased leaf productIOn m berry crops (WIth smaller frmt SIZe

and mcreased mCIdence of dIsease) In cranberry, strawberry

and ktwtfnllt excess mtrogen IS related to loss of flavor,

decreased firmness and the related mcreased susceptIbility to

decay

In addItIon to knowmg the amoUllt of fertIlIZer recommended for the soil type m whIch you are

producmg the commodIty, you must know how much mtrogen IS already present m the soil at the

start of the plantmg season It IS easy to over-fertIlIZe, smce mtrogen may be left over from

fertilizers added dunng the last season, be present m cover crops and other orgaruc matter as they

break down ill the soil, or added as ramfall and as you lITIgate SIllce most water sources contam

some l11trogen In general, hght colored soIls contam httle orgamc matter and WIll release lIttle

mtrogen, whIle dmk colOled soIls release about ol1e-halfpound ofmtrogell per 1000 square feet

ovel the course of a groWIng season

The best approach IS to beg111 by domg SOlI tests for the nutnents reqUIred for hIgh quahty

productIOn ofyour commodIty, then fertIhze to bnng the soIl up to the recommended rates The

cost of a soIl test will pay for Itself many tunes If you determme that you have been wastmg

resources on fertIhzers that are not needed
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Ifyou are plannmg to mulch for the first tune, you will want

to add some extra mtrogen to the SOll As SOll Dllcro

orgamsms decompose the mulchmg matenals, they will use

some of the mtrogen you mtended for crop plOductIon TIle

most llitrogen IS reqUlred for breakmg down mulches made

from sawdust wood clups leaves and com cobs

CalcIUm

There are few mango
orchards which have
receIved any fertIlization,
but they would greatly
benefit from thIS practIce
Yearly reqUIrements are
esttmated at 1 6 Ib N, 0 4
Ib P and 1 5 Ib K per tree
of full beanng age

CalCIUm deficIencIes playa part ill detenrunmg produce Source Smgh 1998

qualIty, and can lead to blossom end rot ill tomatoes,

blackheart ill celery, tIpbum m lettuce crops bItter pIt and illtemal breakdown ill apples, and to

the productIOn of small, hard, sour strawbernes ExcessIvely hIgh llitrogen fertilizatIOn will

prevent apple trees from takIng up calcIUm that IS present ill the SOll FolIar sprays of CaCl2 or

Ca(N03)2 can Improve qualIty and reduce dIsease symptoms and decay ill storage for these crops,

espeCIally IfapplIed after a heavy ram or a penod ofrapId growth CalcIUm IS also used to enhance

firmness ill tomato crops that are destmed for processmg Recommended rates are prOVIded With

the product, so be sure to follow the label mstructIOns on the product you purchase

IrrIgatIon and IrrIgatIOn Schedules

Usmg rrngatIon methods that spray water on the folIage of

hortICultural produce can illcrease the mCIdence of dIsease and

mcrease the rate of spread of fungal mfectlOns Spnnklers also

tend to waste water smce much ofthe rrngatlOn water wmds up

_on folIage and bare soIl and evaporates dIrectly mto the

atmosphere before the plant can use It for growth and

transpiratIOn Rather than relYillg on overhead Imgatton

(spnnklers or sprayers) consider usmg furrow lfflgatton

methods or mstallIng soaker systems
Soaker Hose

Soaker hoses allow \\atel to leach the plants roots more qUIckly by dehvenng water only where

you deSire 111ese hoses can be purchased at fann supply stores, and are relatIvely lllexpensive
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Excess water via ram or Imgatioll contnbutes to a loss of flavor ill

over the long run smce they are long lastIng and WlIl save you a lot

ofwater Dnp ImgatIon 1<; recommended tor some crops but can be

overly expensIve to mstall and mamtam the dnp systems

Source SIngh 1998

Irngatlon of citrus IS

especially Important
In summer
Frequent light
Irrigation lowers sOil
temperature and
raises humIdity In

the orchard

many hortIcultural crops, Increased susceptIbIlIty to decay III

storage, and early sproutmg ofroot and bulb crops It appears that

too lIttle water may often be better than too much, m terms Ifoverall

produce qualIty Under-rrngated stone fruits have tlncker cutIcles

and mcreased resIstance to postharvest dJsease

TIle schedulIng of the l~st llTlgation has an effect on the qualIty of OIDons, garlIc and potatoes It

IS nnportant that lITIgation be WIthheld for a penod of 7 to 10 days before harvest, to allow the

tops to dry doWll and the crops to be ready to dIg and cure before further handlIng

Addmg Value

Blanchmg

Pre-harvest blanchmg of vegetable

crops durmg the last stages ofgrowth

makes the produce hghter ill color

and nnlder ill flavor Blanchlllg

requITes hand labor but adds market

value to crops such as asparagus,

cauhflower, celery, endIVe and leeks

layer of newspaper

mound of sOil for blanching

j

ongmal sOil level

/

Accordmg to Smgh (1998) usmg

dIfferent ,-,o]ors of twme 01 rubber bands each day makes It easy at the t1llle of harvest to select

those plants tied earhest
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BLANCHING
Asparagus Hili sOil over beds so shoots grow longer vvtuten

Page 219

Cauliflower Grow self-blanchrng types If possible (the topmost leaves naturally grow upward to cover the
head) Cover head VV1th a paper bag or tie outer wrapper leaves around the head

Celery HIli sOil around stalks after wrappmg stalks In newspaper to keep out sOil

Endive Cover head VV1th wrapper leaves 7 to 10 days before harvest

Leeks Cover base of plant VV1th newspaper lftAlen It IS about half-groVVll then mound sOil about 20-30 cm
(8 mches) up the stem

De-flowenng herbs

Keep the buds of flowers pmched off herbs such as basIl, clnves, malJoram, mmt, oregano and

tarragon to unprove quahty Just pnor to flowenng leaves are especIally lngh m the essentIal oils

that gIVe herbs therr charactenstic flavor and aroma

Sproutmg mhlbltors

MaleIc hydraZIde used as a spray a few weeks before halVest adds shelfhfe to Ollions Follow the

label for mstructions on concentratIOns and proper usage

COSTS AND BENEFITS OF ADOPTING NEW PRE-HARVEST PRACTICES
(example usmg hot caps, plastIc tunnels, prumng, tlnmung, shadmg, trelhsmg, mulchmg, fohar Ca
sprays, soaker rrnganon systems, blanchmg)

Costs

Matenals

Labor
./

PotentIal Benefits

Earher halVest (hIgher market value)

Later halVest (hIgher market value)

Lower physIcal losses due to pests, dIsease

Improved quahty (hIgher market value)
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Example I Usmg plastIc row covers 111 Cahforma to pIOtect a 200 ft long row ofhot pepper
plants dunng early plantmg m cool weather

Costs
Matenals $ 15 00 per 100 ft row
Cost for 200 ft row = $30 00
Labor cost for mstallatlOn of covers I hour for 2 rows ($7/hI) = $7 00
Total cost= $3700

Benefits
Earher harvest ofhot peppers (4 weeks early) gams htgh market pnces of
$1 98./lb for the first 500 lbs ofpeppers harvested
Total yteld 3000 lbs
Compare to typIcal mtd-season market pnce of$0 89/lb
$1 98-089 = $1 09 per lb htgher pnce x 500 lbs = $545

Profit $545 00 - 37 00 = $508 per year

Example 2 In IndIa, usmg plastIc row covers to protect 65m ofcucumber or long melon dunng
early plantmg m cool weather

Costs
Matenals Rs 12 1m
Cost for 65m lOW = Rs 800
Labor cost for mstallatlOn ofcovers 1 hour for 2 rows (Rs 80 /day) = Rs 10
Total cost= Rs 810

Benefits
Earher harvest ofcucumbers (4 weeks early) gams Ingh market pnces of
Rs 30/kg for the first 250 ofproduce harvested
Compale to typIcal peak mtd-season market pnce ofRs 5/kg
Rs 30- Rs5 = Rs 25 per kg Ingher pnce x 250 kg = Rs 6200

Profit Rs 6200 - 810 = Rs 5440 per year
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SOURCES OF PRE-HARVEST EQUIPMENT AND SUPPLIES
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BlfCi/pest control
reflective tape
terror-eyes balloons

Cloches, greenhouse film
and clIps for plastic tunnels

Floatmg row covers

IrngatIon supplIes (dnp and soaker systems)

Mulch, paper and plastic

Pruners, hand tools

Shade cloth

TrellIses, bean towers

Wall-o-water hot caps

Burpee
Johnny's Selected Seeds
Peaceful Valley

MellInger's
Peaceful Valley
Terntonal Seed

Gardener's Supply
Johnny's Selected Seeds
MellInger's
Peaceful Valley

AM Leonard
Gardener's Supply
MellInger's
Natural Gardemng Company
Terntonal Seed

The Cook's Garden
Gardener's Supply
Johnny's Selected Seeds
Pmetree

AM Leonard

AM Leonard
Peaceful Valley
Terntonal Seed

Plants of the Southwest
Gardener's Supply
MellInger's

Henry Field's

For addresses of supplIers please refer to AppendiX D
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HARVESTING AND
PREPARATION FOR MARKET

Now that you have successfully produced a mgh quahty crop, It's tlIDe to harvest the fresh produce

and prepare It for market The goals of a harvestmg system are I) to gather the commodIty from

the field at the proper stage of maturIty (wmch will vary dependmg upon the commomty, the

ilistance from market and Its mtended use), 2) With a mmlIDUID amount of damage and losses, 3)
V. J~

at the rate reqmred for optnnum handhng (sortmg, postharvest treatments, packmg, coolmg,

transport, marketmg operatIOns, etc) 4) m a cost-effectIVe way

Small-scale producers can gam an edge over large-scale operatIons usmg mechamcal harvestmg

s..nee you, as a small grower, can harvest ear-her~_whenvegetables are more dehcate harvest

later, when frwts are at a nper, more flavorful stage, or harvest more often (takmg advantage of

multiple harvests to gather produce at Its optImum stage ofmatunty) All these optIOns can lead

to higher profits due to the higher value ofthe produce you have to offer for sale

One ofthe most common mistakes growers make IS to harvest frmt crops too early, when they are

undernpe and have not yet developed thetr full flavor Farm adVisors m Caltforma warn that many

of the organIC apples groWll for fresh malket are harvested mnnature, when they are of mfenor

eatmg quahty, and therefore have been poorly accepted by consumers WIth many hortICultural
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crops, Ifyou harvest all at once you are sure to have

many Items that are either undermature or

overmature
PROPER MATURITY
AT HARVEST IS ONE

OF THE KEYS TO
HIGH QUALITY' You can extend the harvestmg season by selectmg

cultIVars that are of lngh quahty when pIcked small

and when large, and sell those vegetables and herbs

that are Iemoved when thmnmg durmg the groWIng season Perhaps there IS a specIahty market

for lnghly valued "baby vegetables" such as tmy beets, carrots, collards, turmps, head and leaf

lettuces, omon and garhc greens, summer squash, green tomatoes, new potatoes and baby com

Others crops suc" as leaf lettuce, spmach, collards, chIVes and SWISS chard can be pIcked and

marketed multIple tImes over the growmg season Crops such as Lady's Fmgers (okra), green

beans, cucumbers and mdetermmate tomatoes should be harvested contmuously, smce lithe older

fruIt IS allowed to mature and remam on the plant, yIeld IS dramatIcally reduced Once halvestmg

starts, cucumbers m IndIa are generally pIcked at 2 to 4 day mtervals, dependmg on the weather

Lady's fingers (okra) IS pIcked everv 2nd or 3rd day, the best tIme for harvest bemg 6 to 7 days

ttfter the openmg ofthe flowers (Choudhury, 1998) Small scale growers can take advantage of

the fact that SIde shoots ofbroccoh and cabbages will develop new smaller heads once the central

head has been removed, proVldmg another crop about one month later

MechanIcal damage durmg harvest can become a senous problem, as mJUnes predIspose produce

to decay, mcreased water loss and mcreased respIratory and ethylene productIon rates whIch all

will lead to qUIck detenoratlOn Brmsmg, cuts and other mechamcal damage will mcrease the

npenmg rate of chmactenc fruIts such as tomatoes, apples stone fruIts and bananas and shOlten

the marketmg penod conSIderably Potatoes and other underground crops can be easily damaged

b) careless dtggmg and are often pIerced 01 slIced by tools used whIle turnmg the soil to expose

the produce Trammg field workers m proper harvestmg and handlmg methods will grE'atly reduce

postharvest problems caused by damage dunng harvest

DIrectly followmg harvest, when produce IS plepared for marketmg, coolmg IS essentIal

Harvested produce should always be protected from the sun, and kept m the shade li there IS any

delay between harvest and preparatIon for market AVOId exposure to the sun as much as pOSSIble
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after harvest, as produce left out m the SlUl will gam heat and may become SlUl-bumed Harvested

produce left m drrect SlUl for only one hour will be 13 to 16 0 C (25 0 to 300 F) hotter than the same

produce kept m the shade FIeld bms should be placed where they will be shaded by trees or

temporary shade, or loosely covered (for example With hght colored canvas, leafY plant matenals,

clean straw or an mverted empty contamer) tfdelays are expected m removmg them from the field

Removmg field heat (also known as "pre-coohnglt) drrectly after harvest, should be done before

any further handhng Any delays m coohng will shorten postharvest Me and reduce quahty

Produce left at ambIent temperatures can lose water at a rate of up to 100 tlilles faster than

produce that IS cooled lIDlllediately to Its optlillum temperatm e Even produce undergomg

repeated coohng and wannmg will detenorate at a slower rate than produce that has not been

cooled

Thts chapter proVides mformatlOn that will aSSIst you to IdentifY the proper matunty stage for

harvestmg a Wide vanety of hortIcultural produce, and explam how to measme a vanety of

maturIty and quahty attnbutes (SSe, TA, firnmess, etc) commonly used as matunty mdlces

Next, some of the tools and eqmpment that can aSSIst m proper harvestmg and handhng, the

eqmpment recommended for field packmg, and several methods for curmg root, tuber and bulb

crops before removmg them from the field are presented and illustrated Examples of costs and

benefits encountered when field packIng table grapes and when cunng sweetpotatoes are mcluded

to aSSIst you m completmg the Worksheets at the end ofPart I

"Very htgh levels of wastage and value loss an India occur when all produce IS
harvested simultaneously With no conSideration for transport distance"

Source: McKInsey & Co , Inc. 1997
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GENERAL DOs AND DON'T"s FOR HARVESTING
HIGH QUALITY HORTICULTURAL CROPS

Page 34

Always consider the needs and requirements of the market for your produce
(customer preferences for size and/or stage of matunty)

Regardless of commodity or development stage of produce, all horticultural
products require extreme care at harvest

Containers used for harvesting should be clean, smooth and free of rough edges,
vented, and not too large Steel buckets make good harvesting containers

Use stackable plastiC crates as field containers dunng harvest-- while Initially
expensive, these are durable, reusable and easily cleaned

Train manual harvesters Ir the proper "'lay to harvest the crop to minimize damage
and waste

Train harvesters to recogmze the proper matunty stage for the produce they are
handling (such as Size, shape, color, sweetness or firmness)

Round the tips of knives to minimiZe Inadvertant gouges and excess damage to
perennial plants, sharpen kmves and clippers

Weanng cotton gloves tnmmlng fingernails, and removing Jewelry such as nngs
and bracelets can help reduce mechanical damage dunng harvest

Train pickers to empty their picking bags and/or baskets with care, never dumping
or thrOWing produce mto field containers

Keep produce clean and free from sOil contammatlon to reduce food safety hazards

Always prOVide shade for harvested produce to prevent heat and sun damage

Night or early morning harvest IS sometimes an option for harvesting produce when
Internal temperatures are relatively low, redUCing the energy needed for subsequent
cooling Let dew dry off first If harvesting crops susceptible to fungal diseases

Cool produce (remove field heat) as soon as pOSSible after harvest

Grade roads between the field and the packinghouse and keep them free from large
ruts, bumps and holes

PART J FRESH HANDLING TECHNOLOGIES FOR HORTICULTURAL PRODUCE

•



CHAPTER 3 HARVESTING AND PREPARATION FOR MARKET

Dos and Don'ts continued

Secure field boxes well dUring transport and, If stacked, do not overfill

Page 3 5

DIsinfect all tools and equipment that comes In contact with produce Prohibit the use
of field containers for any other purpose (tools, foods, fuel, etc) than carrying
produce

Consider field packing to reduce the number of times produce IS handled between
harvest and I'l'larketlng

Cure root and tuber crops Intended for storage by exposing them to mOist, warm
conditions that heal wounds and thicken peels

Cure bulb crops such as onions and garlic (by drying neck tissue and outer skinS)
before packing, storage or marketing

IMPORTANCE OF MATURITY INDICES
• PhysIOlogICal matunty IS the stage when a fruit IS capable of further development or

npenmg when It IS harvested
• Hortlcultural matunty refers to the stage of development when vegetables should be

harvested to meet consumer needs

Usmg MatUrity Indices
• ASSists you to ensure sensory quahty (flavor, color, aroma, texture) and nutntlOnal quahty

Harvestmg horticultural produce too early (when under-developed or lillillature) will result
m poor color, flavor and under-developed nutntlOnal charactenstlcs

• Ensures an adequate postharvest shelfhfe Harvestmg too late will reduce postnarvest lIfe
Over-mature produce can be too npe and soft to Withstand postharvest handbng, or be too
fibrous, tough or woody (have reduced eatmg quahty)

• Facilitates schedulmg ofharvest and packIng operatIOns Matunty mdlces help to predict
begmnmg dates ofharvest and the related eqmpment, matenals facilities and labor needs

• Facilitates marketmg over the phone ObjectIVe rnatunty standards can enhance
commumcatlOn about quahty between wholesale buyers and sellers ThIs IS 11llportant when
sellmg to dIstant buyels, and allows buyers to have a clear Idea ofthe quahty they are
purchasmg Without havmg to do a VIsual mspectlOn ofproduce

• Improves productIVIty on the fann Bemg able to predIct matunty and harvest dates can
mfluence overall productiVIty You may need to schedule multiple harvest to mcrease yIelds
ofproduce at optimal matunty and lughest value
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\Vluch frUits will contmue to npen after harvest?

RJpenmg IS the process by whIch fruIts attam then deSIrable flavor color and te'1ural propcl1lC<;

Cllmactenc frUits can npen off the plant once they have reached physIOlogIcal matuntv

Cllmactenc fruItS mclude apples avocado, banana

bluebemes, breadfruIt, chenmoya, dm lan, feljoa, fig, guava

kIWIfullt, mango, muskmelon, papaya, paSSIOn funt, pears,

perSImmon, plantam, qumce, sapoddla, sapote, SOUfSOP, stone

fiuItS (apncots, nectannes, peaches, plums) and tomato Some

ofthese these fruIts aharvested "mature-green" can be npened

after harvest and short term storage (for more mformatIOD on

postharvest nperung technologies see Chapter 17 on DestmatIOD Handhng) Pears are unusual

III that they develop the best flavor and texture charactenstics when harvested mature-green and

npened offthe tree

Some chmactenc fruits gIVe off lugh quantItIes of ethylene dunng npenmg These mclude

apples, apncots, avocadoes, cantaloupe, kIwrfrmt, nectannes, peaches, pears, plums and paSSIOn

frrnt A small dose of ethylene gas will stlIDulate other clIIDactenc fruIts to begm the npenmg

process A few clIIDactenc frrnts, such as muskmelons, 'Will not mcrease m sugar content dunng

nperung, but will soften

Non-clImactenc fruIts must npen on the plant ayou want a fully mature fruIt, smce once they

have been harvested, no further npenmg Will occur Flavor and texture WIll be oflow quahty If

fruIts are pIcked before fully npe

Some non-cllmactenc fruIts mcIude bernes chernes, CItruS fruItS (lemons, hmes orange~

grapefruIts mandanns tallgennes), cucumber dates, bnn]al (eggplant), grapes, lychee lady's

fingers (okra) peas, peppers pmeapple, pomegranates strawberry summer squash tamanJIo

and watermelon

NOll-chmactenc fruIts Will not lespond to attempts to npen them With ethylene gas A partIally

red strawberry for e,ample WIll not develop any more color or sweetness after bemg pIcked,

and Will detenorate fastel If e'l)Osed to ethylene Watermelons develop most oftherr sweetness

dunng the week before they reach full matunty, makmg early harvest very undesrreable
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Maturity Indices

HaIvestmg crops at the proper matunty allows handlers to begm theIr work With the best

pOSSIble quahty produce FruItS hatvested too early may lack flavor and may not npen properly,

whIle produce hatvested too late may be fibrous or ovempe Pickers can be tramed m methods

of IdentrfYmg produce that IS ready to be hatvested for yow vanous markets For example,

tomatoes fOI local Immediate marketmg can be hatvested red npe, whIle those for distant

malkets should be hatvested earher (pInk stage) so they are red npe by the time they reach the

destInatIOn market

Many frmts are hatvested when sugar content or sugar/acId ratIO IndIcates npemng has begun,

With 1llllllillum standards set for each culttvar Vegetables are hatvested over a Wide range of

phYSIOlOgical stages, dependIng upon whIch part ofthe plant IS used as food HIgh quahty flavor

and texture IS often correlated With smaller, Immature SIZed vegetables The follOWIng table

plOvides recommended matunty mdIces for hatvestmg hIgh quahty produce for selected

commodItieS (sources US Standards for grades, CA Food and AgrIcultural Code and DC

Posthatvest Outreach Program pubhcatIOns)

WHEN TO HARVEST

When to harvest? Matunty indices or charactenstlcs

Almond,; splitting of hull separation of hull from shell development of abSCISSion zone

Apples
'Gala' ground color change from green to light green or vvtllte

FUJI ground color change to light green or \fItIlte 180-90 days from full bloom

Golden DeliCIOUS' 12% sse 18 Ib firmness

Granny Smith average starch score of at least 2 5 on the 6 pomt CA apple starch scale

Red DeliCIOUS 11% sse 181b firmness

'Rome' 125% sse 21 Ib firmness

Artichoke Immature compact closed buds (smaller buds are often more tender)
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When to harvest? Matunty indices or characteristics
_______________-:- ::--_:-- -'A

ASian pears skin color change from green to yelloWIsh green
180 days from full bloom

Asparagus

Avocado

Banana

Basil

Beans (green)

Beans (hancot vert)

Beets

Bluebemes

Broccoli

Brussels sprouts

Cabbage

Cantaloupe

Carrots

Cauliflower

Celery

Chard (SWISS)

Cherry (sweet)

Com (sweet)

Cucumber/gherkin

Cucumber (lemon)

Endive/escarole

cut Vllhen spears are g' (23 cm) long WIdth IS not a matunty
indicator

WIll not npen on the tree minimum dry weight (17 to 20 5 %
dry weight standard set for each cultlvar)

disappearance of angulanty m a cross sectIOn of the fmger

before night temperatures drop to below 50 of (10 DC)

pods are filled but not bulging seeds are Immature

very thin over-mature If they snap Vllhen bent

adequate size highest quality beets are less than 2" (5 cm)

10 to 15% SSC and pH 343 to 373

adequate diameter, compact all florets should be closed

buds that are 2 5 to 5 cm (1" to 2") In diameter

firm head

3/4 to full slip (abSCISSion from vme) under slight pressure

Immature Vllhen roots have reached adequate Size,
have uniform taper

mature curds at least 6" In diameter compact

90 to 120 days after transplanting

adequate size of large outer leaves (cut and come agam)

minimum SSC 14-15% (dep on cv) ssc 16% for highest
quality minimum light red color for most cvs red mahogany
stage recommended for Brooks' 'Gamet' 'Ruby Tulare'
'King

silks dned kernels Immature milky" Vllhen squeezed tight
green husk

Immature glossy skm 55 to 60 days from flowenng
before seeds fully mature

color change of fruit to yellow or orange

after 2 to 3 weeks of blanchmg discard outer leaves •
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When to harvest?

Eggplant
(BnnJal)

Garlic

Ginger

Grapes (table)

Guava

Jicama

KI\NIfrult

Leeks

Lemon

Matunty indices or charactenstlcs

Immature glossy skin 40 days from f10wenng before seeds
fully mature

well-filled bulbs tops dry dOIMl undercut bulbs and cure

8 to 9 months after planting for maximum Yield
minimum of 4 5 months

minimum sse % of 14 to 175 depending on cultlvar
sserrA of 20 or higher

about 5 months after flowenng
color changes to yello\NIng green

large roots require up to 8 months
can harvest anytime after 3 months

minimum 65% sse minimum firmness 141bf (8mm tip)

diameter from 3/4" to 2" (5 cm)

30 % or more JUice by volume

Lettuce (bibb romaine) adequate size 60 to 70 days

Lettuce (head)

Lettuce (leaf)

Lycheeilitchl

Mandannes

Mango

Melon (honeydew)

Mushrooms (button)

Okra
(Lady s fingers)

Olives (green)

Olives (black)

Onion (green)

Oman (dry bulbs)

compact head not too firm

adequate size leaves 50 to 60 days

total SS total aCid ratio of 30-40 bnght I ed In color

minimum 8% sse about 9 months after f10wenng

cnallge~ In 5hape (Increaseu fullness of c,heeks or bulge of
shoulder) flesh color to yello\NI5h-orange

ground color change to VIAllte \NIth greenish tint
slightly waxy peel

caps well rounded partial veil completely Intact

4 to 7 days after flower has opened (pods 2 to 4 long)
not fibrous ttps of pods pliable

pale even green color exudes a VIAllte JUice VIAlen squeezed

dark color 3 to 4 months after green stage

minimum 6 tall

VIAlen 10-20% of tops fall over (\NIthhold ImgatlOn
undercut and cure)
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When to harvest? Maturity indIces or charactenstlcs

Oranges sscrrA ratio of 8 or higher and orange color
(refer to Munsell color chart)

Papaya skin shoVIIS yellowmg

Page 3 to

Peaches ground color change from green to yellow (vanes by eultlvar)

Pears harvest mature-green less than 60% starch,
minimum fIrmness (standards set by cultlvar)
'Bartlett' 20 Ibf max mm sse 10% 'AnJou'

and 'Bose' optImum 131bf 'Cornice' optimum 11 Ibf,

Starfrult (carambola) fully yellow for best quality, 3/4 yellow for long distance
marketing

Peas (edIble pod)

Peas (green)

Peppers

PersImmons

Pineapple

Pistachios

Plums

Pomegranate

Potatoes

Radish (spnng)

Radish (WInter)

Shallots

Spinach

Squash (summer)

Squash (Vv1nter)

5 to 7 days after flovvenng pods slim, Immature
and very small

pods well fIlled but not faded In color

fruit size and color (depends on cultlvar and Intended market)

'Hachlya' blossom end IS orange or reddish color
for other cultlvars change to a yellOWIsh -green color

minimum 12% sse max aCIdIty of 1% change of shell color
to yellow at base

splitting of hull separatIon of hull from shell deJelopment
of abSCISSIon zone

skin color changes (vanes minimum color descnbed by
CA standards for 56 cultlvars)

mInImum 1 85 % TA and red JUice color

harvest before vines die completely
cure to heal surface wuunds

20 to 30 days after planting

45 to 70 days after plantIng

wtlen tops dry doWl1

adequate sIze (35-45 days after planting) young or
mld-matunty or cut outer leaves and come agaIn In 3-4 weeks

Immature glossy skin 45- 60 days from flowenng
before seeds mature

nnd hard before hard frost

•
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When to harvest? Maturity indices or characteristics

Strawbemes eA minimum stds 2/3 of berry surface sholNlng pink
or red color

Sweetpotatoes adequate size of roots before first frost

Tomatoes seeds fully developed gel formation advanced In at least
one locule (seeds not cut lfvf1en fruit IS sliced) minimum MG2
matunty stage refer to color/npeness charts (page 312)

Turnips adequate size before ",feather warms

Walnuts ease of removal of hull packing tissue brov~fllng

Watermelon ground spot change from Ifvf1lte to creamy yellow anls around
seed have been absorbed flesh color IS >75% red
10% sse In flesh near center

MEASURING MATURITY AND QUALITY

Page 311

Smce matunty ofhortIcultural crops IS closely correlated WIth quahty, It IS unportant to measure

changes assocIated WIth rnatunty to detennme when the best tIme will be to harvest The results

of many of the detailed chemIcal tests descnbed below can mstead be obtamed very SImply by

VIsually mspectmg the mtemal structures and color of the produce, and by tastmg the produce

for yourself and ]udgmg Its cnspness, firmness, sweetness and/or tartness

The quahty attnbutes that you measure will be dIfferent for dtfferent types ofcrops, and what to

look for will depend upon the standardtzed matunty mmces descnbed for each crop on the

preVIOUS pages Always start WIth a representatIVe random sample and make measurements on

several umts to compensate fOJ vanabthty Sources for tools and eqUIpment used fOI

quahty/matunty determmation are included for your use

SIze and shape

Size and shape charts and slzmg nngs are available for many commodItIes SIZe IS a useful mdex

for most fruits and vegetables, and shape IS useful for determmmg matunty of bananas

(angulanty) and '1langoes (fullness ofcheeks and roundness of shoulder)
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Ifyou do not have access to :,upphers or do not want to spend the money to buy pre-made chmts

you can make them by usmg photos or hand drawmgs of the commodity 111ese charts can be

camed and used by harvestel s to visually compare produce stIlI on the plant to a known standard

SIze charts, caltpers and nngs can be easIly

used to compare produce to pre-determmed

matunty standards before It IS harvested

Smng rmgs WIth holes for specIfic sIzed

produce can be easily faslnoned from a thm

pIece ofwood or sturdy plastIc

Color

Color charts or gmdes are available for many commodtties Harvesters can compare the produce

m the field WIth a known standard, and select oilly those umts that are ready for harvest Color

charts are used for detennmmg the matunty ofstone fruIts, bananas and tomatoes You can make

color charts usmg photographs or prOVIde each harvester WIth a sample umt of produce of the
i

proper color to use as a companson wbtle harvestmg

TOMATO MATURITY AND RIPENESS CLASSES (FOR RED VARIETIES)

Mature green 1

Mature green 2

Mature green 3
Mature green 4
Breaker
Turning
Pmk
LIght red
Red

Seeds are cut V\ohen sliCing frUit VI.1th a sharp knife
no Jellylike matenal In locules

Seeds not cut Vvtlen frUit IS sliced Jelly In at least one locule
minimum harvest stage

Jellylike matenal well developed but stili completely green
Internal red coloration at blossom end but no external color change
First external pink or yellow color at the blossom end
10 to 30% of surface shows color change from green to yelloVl.1sh pmk or red
30 to 60% of the surface IS colored
More than 60% IS pinkish red but less than 90% of the surface IS red
More than 90% of the '>urface shows red color
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"Vl1le-npened" tomatoes are usually harvested at the brealer or turnrng stage, but flavor IS

enhanced Ifnpenlllg IS allowed to contlllue on the plant Smce most tomatoes for the wholesale

mal let are harvested mature-green and held III storage for a few weeks before they are marketed

to consumers, It IS understandable why "store-bought" tomatoes have a reputatIon for less than

delIghtful flavor If you are harvestmg for local specIalty or dIrect markets, you may receIVe a

hlghel pnce Ifyou are WIlhng to harvest hght red or full red fullt, and carefully pack and handle

fully npened tomatoes Tomatoes gro\Vll for processmg should be harvested when fully red

sse (soluble solIds content)

Sugars are the m3Jor soluble sohd m frUIt JUIces and therefore soluble sohds can be used as an

estI1llate of sweetness A hand-held refractometer can be used outdoors to measure % sse (m

eqUIvalent degrees Bro..) III a small sample of funt JUIce Temperature will affect the readmg

(rncreasmg about 0 5% sse for every 5 °e or 10 OF), so you should adjust the measurement for

the ambIent temperature

A garlIc press works well to squeeze the JUIce from frUIt samples For small fruIts, use the whole

fruIt, whIle for large fruIts, take a wedge for the stem end to the blossom end and to the center of

the fruIt Remove any pulp by filtenng the JUIce through a small pIece of cheesecloth You must

clean and standardIze the refractometer between each readmg With distilled water (should read

0% sse at 20 °e or 68 OF)

On the next page ale some examples of IDlllI1llUID % sse
for selected commodIties If Jour readmg mdlcates a

hIgher % sse, then your produce IS better than the

mU111llUlll standard 'Strawbemes which are of excellent

flavor, for mstance would measure 10% sse

Good nlanqo...,

varieties contain
over 20% of total
soluble solids
(sugars)

Source Singh 1998
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MINIMUM O/oSSC

for IDGH QUALITY

FIrmness

apncot 10 %
cherry 14-16
grape 14- 17 5
kiWifruit 6 5
muskmelon 10
nectarine 10
peach 10
pear 13
plum 12
pomegranate 17
strawberry 7

The degree of softness or cnspmess can be estilllated by squeezmg produce, or by taIang a bIte

ObjectIVe measurements can be made WIth mexpensIVe penetrometers The most common way to

measure firmness IS resIstance to compreSSIOn or pounds-force (lbf) The Effe-gt fruIt

penetrometer IS a hand-held probe WIth a gauge for pounds-force

To measure firmness, use fruIt that are unIform m temperature, smce warm fruIt are usually softer

than cold fruIt Use fruIts that are unIform m SIZe, smce large fruIt are usually softer than smaller

fruIt Make two puncture tests per fruIt on larger fruIts once on OppOSIte cheeks, IDldway

between stem and blossom ends Remove a dISC ofsIan (larger than the tIp to be used) and choose

the appropnate plunger tIP (see below) Hold the fruIt agamst a statIOnary, hard surface, and

force the tIp 111to to fruIt at a unIform speed (take 2 seconds) to the scnbed hne on the tIp Take

the readmg to the nearest 0 5 lb-force

Appropnate Effi-gl plunger tiP sizes to use
when measunng firmness In selected frUits

1 5mm (1/16 Inch)
3 mm (1/8 Inch)
8 mm (5/16 Inch)

11 mm (7/16 Inch)

Olive
Cherry, grape, strawberry
Apncot, avocado, kiWifrUit,
mango, nectanne, papaya, peach
Apple
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Cahbrate firmness testers by holdIng the tester

vertically and placmg the tip on the pan of a scale

Press down untIl the scale regIsters a gIven weIght

then read the finnness tester Repeat 3 to 5 Urnes, If

you find the mstrument reads the same as the scale It

IS ready to use You can adjust the penetrometers by

msertmg washers m the appropnate locations (follow

the mstructIOns that come Wlth the ll1strument)

Tltratable aCidity (% TA)

The level of aCIdIty III produce affects flavor (tartness or sourness) Most people may vaguely

remember learnmg how to measure aCIdIty m cheilllstry class, but probably never thought you'd

ever have to use It dunng your dallY lIfe Luclaly the process IS straIghtforward and the formula

IS slillple Tttratable aCIdIty can be deterrmned by titratmg a known volume offrmt JUIce Wlth 0 I

N NaOH (sodmm hydrmude) to an end pomt ofpH=8 2

In practIce, NaOH solutIon IS added to the fruIt JUIce untIl the pH changes to 82 as mdicated by

phenolphthalem or by usmg a pH meter Use I to 10 mI ofJUIce, and add about 20 mI bottled

water and a few drops of phenolphthalem (The actual amount ofJUIce you use depends on the

expected aCIdIty, uthe sample IS lughly aCId, use less to reduce the amount ofNaOH requrred to

tltrate the solutIOn) Stlf constantly whIle very slowly addmg the NaOH solutIOn from a cahbrated

contamer (such as a buret or small graduated cyhnder marked m mI), and stop addmg NaOH when

the water/JUice mIXture tums pmi and stays pmi when you stlf Vigorously Ifyou are USlllg a pH

meter, stop addmg NaOH when the meter reaches 82

Plug your numbers lllto the formula below to calculate the % TA ofthe commodIty

ml NaOH x N(NaOH) x aCid meq factor x 100
%TA=

ml JUice titrated

PART I FRESH HANDLING TECHNOLOGIES FOR HORTICULTURAL PRODUCE



CHAPTER 3 HARVESTING AND PREPARATION FOR MARKET P'lge 3 16

For berries, citrus frUits and pineapple, use cltnc aCid (acid meq factor =0 064)
For apples, pears, peaches and nectannes use malic aCid (acid meq factor = 0 067)
For grapes, use tartanc aCid (acid meq factor = 0 075)

Example 10 ml of'Perlette' grape JUIce 111 20 ml water IS tItrated WIth 8 ml 0 IN NaOH

%TA=
8 ml NaOH x 0 1N(NaOH) x 0 075 x 100

10 ml JUice titrated
=06%

Sugar/AcId ratIo

KnOWlllg the sugar content alone IS not enough to measure maturIty and quahty ofCItruS fruIts and

grapes In these cases, the ratIo ,)f sugar to aCId content IS a much better predIctor ofhIgh quahty

produce You need to measure both %S~e and % TA then dlVlde sse by TA to calculate the

ratIo ofthe two

Examples of minimum SSCITA ratio
grapefrUit 6 0
mandann 80
orange 80
grape 200

Sources of quality/maturity measurement Instruments

McConruck Fnllt Tech (slzers slzmg nngs refractometers penetrometers pH meters)
615-B S 48th Ave
YakIma WA 98908
Phone (509) 9663999
FAX (509) 966 7635

DeltaTrak (pH meters)
POBox398
Pleasanton, CA 94566
Phone (800) 962-6776
FAX (510) 856 1147
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FrUit and Vegetable Quahty Control CA Department of Agnculture
(color charts Slzers, Gratmy Smith Apple Starch Scale)
1220 N Street, Room A-265
Sacramento CA 95814
Phone (916) 654-0919
FAX (916) 654 0666

InternatiOnal RIperung CorporatIOn (refractometers temperature probes, cahpers sizer nngs
pressure testers pH meters chlonne meters)
1185 Pmendge Road
Norfolk, Va 23502
Phone (800) 472 7205

RadiOmeter Amenca, Inc (tltrators)
811 Sharon Dnve
Westlake,Ohto 44145
Phone (800) 0600, ExtensiOn 72
FAX (216) 8358118

VWR (refractometers tltrators, penetrometers)
POBox 7900
San FrancIsco CA 94120
Phone (415) 330 4017
FAX (415) 330 4122

To request a catalog, contact

Page317

Fisher (unbreakable buret, buret stand and clamp glasswar-e and magnetic stir bars and sur plates)
Phone (800) 766 7000 FAX (800) 926 1166

Sigma Cherntcal Co (0 1 N NaOH m pre-measured Vials, phenolphthalem pH mdlcator)
Phone (800) 3253010 FAX (800) 3255052

PART I FRESH HANDLING TECHNOLOGIES FOR HORTICULTURAL PRODUCE



CHAPTER 3 HARVESTING AND PREPARATION FOR MARKET

Il.lrvestmg Tools and Contamers

10 protect produce qualIty and safety, keep your harvestmg tools and contamers clean Use a I

pal1 chlO! me bleach I part clean water solutIOn to clean tools and plastic or wooden pICkmg

contamel s before use each day Use contamers that are smooth on the mSIde 01 prOVIde clean

dIsposable lmers made from paper or cardboard

PIGk!ng baskets, bags and buckets come m many SIZes and shapes You can Ieduce some of the

drudgery ofharvestl1lg and IIlllllllllZe damage to produce by proVldmg contamers that can be easIly

camed and filled by workers Portable contamers that can be opened on the bottom allow

harvesters to gently fill larger field contamers Without 'dumpmg' produce WIth a bIt ofcreatIVIty,

you can even construct pICkmg contamers that allow workers to sort whIle pICkmg

Raspberry sortmg cups

(worn as a belt around the waIst)

PIckmg bag fabnc bag With openmgs on both ends

(worn over the shoulders With an adjustable harness)
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Harvestmg contamers can be made by fittmg fabnc over the opened bottom of ready-made

baskets, fittmg readymade canvas bags With adjustable hamesses or by sImply addmg some

carrymg straps to a small basket All of these WIll reduce mechalllcal damage to produce Ifused

properly by harvesters and not over-loaded

Ptckmg BagslBaskets (Source Fnend Manufactunng Co 1993)

PIckIng poles and catchmg sacks can be made by hand or purchased from hortIcultural supply

compames A long pole IS attached to a collectIOn bag, alloW111g the harvester to cut and catch

produce grOW111g on a tree Without havmg to clImb a ladder The collectIOn bags can be hand

woven from strong cord or sewn from canvas The hoop used as the collectIOn bag nm and sharp

cuttmg edges can be fashIoned from sheet metal, steel tubmg or recycled scrap metal

j,
I
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Harvestmg practlce~ should caus~ as httle mechamcal damage to produce as possIble GUItle

dlggmg plckmg and handhng wdl help reduce crop losses For some crops, a natural bledk POlllt

forms at the JunctIOn of the stem and the stalk when produce IS matUle Harvesters should grasp

the product firmly but gently and pull upward as Illustrated below Weanng cotton gloves

tnm111mg fingemmls and removIng Jewelry such a<; nngs and bracelets can help reduce mechamc,11

damage dunng harvest

PIck cal efully to aVOId damagmg plants and trees

Some fruIts such as CItruS, avocadoes and mangoes, need to be chpped or cut from the parent

plant Chppers or knIves should be kept well sharpened and clean Penduncles, woody stems or

spurs should be tnmmed as close as possIble to prevent fruIt from damagmg neighbonng fruIts

dunng transp art
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Prunmg shears can be used for harvestmg fruIts and some vegetables A 'Vanety of styles are

avaIlable as hand held or pole models mcludmg shears that cut and hold onto the stem ofthe cut

product TIus featm e allows the pIcker to harvest WIthout a catclung bag and WIthout droppmg

flUltS

StraIght bladed hand shears
fOt fruIts and flowers

Cut and hold hand shears

Pole mounted cut and hold PICkIng shears

Tnpod ladders

A ladder WIth three legs IS very sturdy and more stable

than a standard ladder The smgle pole of the front

leg lets the pIcker get safely mto the cdnopv of the

tree to harvest fruIts WIthout damagmg branches

nun curved blade for
grapes and fruIts

Chpper for CItruS frmts
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Halvestlllg ContameI s

PlastIc CI ates are relatively expenSive to purchase but al e very durable reusable and easy to clean

TIley have the elm actenstlcs you really want-- stackmg strength ventilatIOn holes and long hfe

You can use them for harvest, storage, coolIng procedure~ transport and even for dIsplay 111 retml

markets

Ifyou decIde to buy plastIC crates, look for crates that can be nested when empty to save space III

storage or transport Vanous brands and styles are manufactured, but all can be stacked securely

tfthey are not over-filled

Stackable, reusable pl~stiC crates

PlastIc vented crate

Steel buckets are a good Il1vestment SInce they WIll last for

many years and can easily be cleaned TIle Il1slde surfaces

are smooth and will not damage dehcate crops Ifthe buckets

are not overloaded

Steel bucket
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FIELD PAj:KING

SelectIOn, sortmg, tnmmmg and packmg the produce m the field at the tIme ofharvest IS known

as "field packmg", and has great potential to reduce mechall1cal damage by reducmg the number

ofpostharvest handhllg steps between the field and the consumer Any practIce that reduces the

number oftuues the produce IS handled Will help leduce postharvest losses FIeld packmg often

also 1educes costs smce you won't need to build and manage a packmghouse, and can reduce

handhng plOblems such as "shaker" problems ill melons (where the seed cavIty loosens from the

pencarp wall), wmle allowmg producers to market produce of the optlIDum quahty and lughest

value

When crops are field packed the pIch.er harvests and then nnmedlately packs the plOduce after

mll11mal handhng FruIts can be harvested at a npeI, more flavorful stage, and vegetables can be

handled wlnle very young and delIcate Strawbemes are generally field packed, Sillce even a

small amount of handhng will damage these soft fruIts When lettuce IS field packed, several

wrapper leaves are left on the head to help cusmon the produce dunng transport

Provldmg workers With a small cart can

help reduce the amount of bendIng and

hftmg the pIcker has to do dunng

harvest The carts shown here have a

smgle wheel lU front, and can he pllshed

along the row ahead ofthe pIcker Filled

cartons should be lIDIDedlately moved

mto the shade and then mto the cooler as

soon as pOSSIble
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Small mobIle field -p,H"kmg statIOns are desIgned to bL mOved along wIth the packers dnd to

plovlde "hade for packmg operatIons A movable cart <;hould proVIde a comfortable place tor

packers to fill bO'l.es and have a Wlde roof to provIde shade TIle cart Illustrated here was

desIgned to be pushed along the outer edge of the small field where a table grape harvest IS

takmg place

fiELD
PACKING
S rATION
mobIle shaded
roof extensions
Cdn be closed
dunnl, transport
Via tow vehIcle

Carts for field packIng can also be desIgned to be pulled by a small tractor mto the field when the

crop IS harvested Thls type of cart can be used for field packmg many types of crops The roof

folds down for easy transport, and opens up to prOVIde a Wlde area ofshade for the packers and

the commodIty The cart deSign can be modrlied as needed to SUIt vanous products and dIfferent

operatIons
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COMPARISON OF ESTIMATED COSTS AND EXPECTED BENEFITS RELATED TO
TRADITIONAL PACKHOUSE OPERATIONS OR FIELD PACKING FRESH PRODUCE

Costs
EqUIpment (carts, mobile packtng statIons or wagons eqUIpped WIth shade)
Tramed Labor
Packages sUIted to field packtng, coohng

Benefits
No packmghouse to mamtam
Less damage to produce (no dumpmg, resortmg)
QUIck handlmg (less water loss)

Example 1
If 1000 lbs of table gi apes are haIvested and field packed by 4 tramed workers ( 1100 lbs of
giapes are pIcked trunmed, packed 25 lbs per carton, and S02 pads mserted) m 2 hour,> Losses
are calculated to be 10% compared to the typIcal 20% losses assocIated WIth gradmg, tnmmmg,
packmg and coohng grapes m a local packmghouse Workers are paId $1 00 more per hour than
usually paId to field laborers who haivest crops to be transported to the packmghouse

Costs
AddItional labor cost $1 00 x 4 workers x 2 hours = $8 OO/day
EqUIpment -- shaded packmg statIOn $15000 (used for several seasons)
Matenals -- same grape lugs and pads used m packmghouse = $ 1 50 per set
Coohng -- same cost as for packmghouse

Benefits
Packmghouse power, water and ventilatIOn costs savmgs = $10 /day
Postharvest losses reduced to 10% (4 additIOnal cartons per day from the vmeyard)
100 lbs '{ 0 50 per lb = $50

Return on mvestment
(for slillphclty, assume 20 days ofhaIvestmg are equal to one month of sales)
DIfference III costs for field packmg = $150 + $8/day for 20 days = $310

SavIllgs compared to current practIce = ($10 /day - $6/day for extra packages) x 20 days =$4 "(
20 = $80

Change m sales usmg field packIng = $50/day x 20 days = $1000

Calculate ROle III months to pay for Illvestment
(Ddference In costs - savIngs) / Change In Sales per month = Months to pay for Investment

($310 - $80) / $ 1000 pel month = 0 23 Months or 46 days
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E....am~ 2
If 1000 lbs oftable gl apes are hmvested and field packed by 4 tramed workel s m IndIa (500 kg
ofgrapes are pIcked tnmmed, packed mto wooden crates) m 2 hours Losses are calculated to
be 10% compared to the typIcal 20% losses assocIated Wlth tl ansport gradmg, tnmmmg,
packmg and coolIng grapes m a local packmghouse Workers are pmd Rs 20 mOle per day than
usually paid to field laborers who haIVest crops to be transported to the packmghouse

Costs
AdditIOnal labor cost (4 workers x 2 hours) = Rs 20/day
Eqmpment -- shaded packmg statIOn Rs 2200 (used for several seasons)
Matenals -- same glape lugs used m packmghouse (Rs 11 1 kg produce packed)
Coolmg -- same cost as for packmghouse

Benefits
Packmghouse power, water and ventilatIOn costs savmgs = Rs 100 Iday
Posthmvest losses reduced to 10% (4 addItIonal cartons per day from the vmeyard)
50 kg x Rs 301 kg = Rs 1500

Return on mvestment
(for SImphClty, assume 20 days ofhalVestmg are equal to one month of sales)
DIfference In costs for field packmg = Rs 2200 + Rs 20/day for 20 days = Rs 2600

SavIllgs compared to current practIce = Rs 100/day - Rs 50/day for extra packages) x 20 days
=Rs 50 x 20= Rs 1000

Change III sales usmg field packmg = Rs 1500/day .... 20 days = Rs 30,000

Calculate ROIC III months to pay for Illvestment
(DIfference m costs - savmgs) / Change In Sales per month = Months to pay for mvestment

(Rs 2600 - Rs 1000) I Rs 30 000 per month = 0 086 Months or I 7 days
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•

Curmg root, tuber and bulb crops

Mechamcal damage can be ex1enSIVe when hmvestmg root, tuber and bulb crops BruIses and cuts

allow the produce to lose water more rapIdly, whlle wound-mduced mcreases m resprratton wtl1

lead to mcreased rates ofwatel loss decay and physIOlogIcal detenoratton

F011unately much of thIS damage can be conected If you are ,....--------------,
If tubers are placed

WIlling to take some tune and create the proper condItIons for Immediately after

these crops to "heal" bef01 e thev al e Iemoved from the field harvest Into cold

Cunng root and tuber crops such as sweetpotatoes, potatoes, storage at 5 C, wound

cassava and yams IS especIally 1lllportant practIce If these crops healing (penderm
formation) IS delayed

ale to be put mto storage for a month 01 more The reductIOn m

watel loss and decay Iates wtl1 mOle than pay f01 the cost of Source Choudhury, 1998

cunng

Cunng practIces f01 root and tuber crops Iequrre holdmg the produce at htgh temperature and

htgh relatIve hmrudIty for several days whtle harvestmg wounds heal and a new, protectIVe layer

of cells form. The best condItIOns for cunng vary among crops as shown m the followmg table,

but m practIce curmg IS usually done under ambIent field condItIons At the t1llle mdlcated as the

IDlIllIDUlll.. begm to check the produce for SIgnS ofproper curmg (thtcker, toughened peel, healed

over cut surfaces) until It ISleady for removal flom the field for postharvest handhng, storage and

marketmg

RECOMMENDED CURING CONDITIONS

Commodity Temperature
DC OF

Relative HumIdity
(%)

Days

Potato
Sweetpotato
Yams
Cassava

15-20
30-32
32-40
30-40

59-68
86-90
90-104
86-104

90-95
85-90
90-100
90-95

5-10
4-7
1- 4
2- 5

Cunng O111ons and garlIc refers to the practIce of allowmg the extemal layers of skm and neck

tissue to dly out dIrectly followmg harvest pnor to handlmg and St01 age If forced heated aIr IS

used f01 cunng Olllons and other bulbs one day or less at 35°C (95 OF) and 60 to 75% relatIve
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humldlt} IS recommended TIle dned layers of'<;km' then protect the plOducc flom furtber WdtCI

loss dunng storage

FIeld Cunng

Root and tuber crops

Yams and other tropICal root and tuber crops can be cured outdoors If plied 111 a partIally ,>haded

area Cut grasses or straw can be used as msulatmg matenals and the pIle should be covered WIth

canvas, burlap or woven grass mats Cunng requIres Ingh temperature and mgh relatIVe humIdIty

and trus covenng will trap self-genelated heat and mOIsture TIle stack should be left for about

four days

Bulb crops Oluons and garhc

Omons and garhc can be cured ill the field ill regIOns where harvest comCldes WIth the dry season

If local weather condItIOns are dry and wann, these crops can be t..ndercut ill the field and left

there to dry for five to ten days The crops can be cured eIther ill wmdrows or after packmg mto

large fiber or net sacks The dned tops of the plants or a hght covenng of dry straw can be

arranged to co"er and shdde the bulbs dunng the

cunng process, protectmg the produce from

excess heat and sunbum The produce can be left

m the field for five days, then checked daIly untl1

the outer skm and neck tIssues are properly
"-

"-dned Cunng may take up to ten days,

dependmg on weather condItIOns The best scale

color IS ohtamed when O111ons are cured at 25 to

32°C (77 to 90 OF)
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•

Curmg assisted by shade and ventilatIOn

TIle cunllg of bulb crops can be assisted by the use of ventllated sheds In regIOns where solar

radiatIOn and/or relatIve humIdIty IS lugh or natural air movement IS low Produce In sacks should

be stacked III the shade on canvas tarpauhlls under one or more cethng fans

Vent \\11th

c,hal"t fan

Emergency Curmg

If conmtlOns such as ram or flooded fields do not perrmt field curmg and curmg facilitIes are not

available, a temporary tent can be used for curmg omons In the example illustrated below, the

tent IS constructed from large tarps Heated arr IS forced mto a hollow area (known as a plenum)

at the center of the bms of produce Several fans are used to clfculate the warm arr through the

omons whtle they are curmg

PALLET ON EACH
CORNER TO
SUPPORT
COVER

COVER
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COSTS AND BENEfiTS OF CURING ROOT TUBER AND BULB CROPS

Example I Cunng sweetpotatoes III Cahfonlla

P1ge 330

Costs
Heaters-- $ 175 00 used over many seasons
Fans-- $ ISO 00 used for many seasons
Fuel-- $6 00 per 1000 Ib lot
Labor-- 1/2 hour at $7 DO/hour to load produce mto the curmg room, set up and momtor the
cunng process
Total recumng costs = $6 + $3 50 = $9 50

Benefits
Reduced water loss (about 2% per month compared to uncured loss of3% per month)
Reduced losses due to decay (20% after 4 months compared to 60% for uncured)
Longer storage hie (4 to 6 months)

1000 Ibs of sweetpotatoes are cured for 5 days at 85 F and 90% RH at a cost of$9 50 ($001
per Ib) Market value IS $15 00 per 40 Ib carton

Produce available for marketmg after 4 months m storage 20 cartons = $300
(compared to 9 cartons for uncured = $13 5)
Profit = ($300-135) -$950 = $15550

Return on illvestment
CapItal costs for the heaters and fans = $325
The first three loads of sweetpotatoes cured will pay for the fans and heaters, and each
addItIOnal 1000 Ib load that IS cured before storage will result ill an addmonal profit of$155 50
compared to uncured sweetpotatoes

Example 2 Cunng sweetpotatoes III IndIa

Costs
Heaters and fa11s-- Rs 9000 used oveI many seasons
Fuel-- Rs 1000 per 1000 kg lot
LaboI-- 1/2 hour to load produce I11to the cunng room, set up and momtor the cunng process
(very low labor costs)
Total recumng costs = Rs 1000

Benefits
Reduced water loss (about 2% per month compared to uncured loss of3% per month)
Reduced losses due to decay (20% after 4 months compared to 60% for uncured)
Longer storage hfe (4 to 6 months)
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1000 lbs of sweetpotatoes are cured for 5 days at 30 C and 90% RH at a cost ofRs 1000 (Rs 1
per kg) and placed mto stOlage for 4 months

cost of curmg
Posth31vest losses

ploduce available for marketmg
market "alue

potentIal sales

Cured

Rs 1000
20%
(200 kg)
800 kg
Rs 6/lg

Rs 4800

Uncured

60%
(600 kg)
400 kg
Rs 5/kg

Rs 2000

•

Return on mvestment
The first three loads of sweetpotatoes cured will pay for the fans and heaters, and each addItIonal
1000 kg load that IS cured before storage will result m an addItIOnal profit ofRs 2800 compared
to uncured sweetpotatoes

SOURCES OF TOOLS, EQUIPMENT AND SUPPLIES FOR HARVESTING AND
PREPARATION FOR MARKET

basketslbuckets/crateslbarrels

bucketslbucket straps

bucket hners/ bucket skirts

frUlt pIckers (long poles WIth basket)

gloves

harnesses

harvestmg aids for field packmg

harvestmg eqUipment/potatoes

harvestmg tools

ladders

Adelman-FIsher Packagmg
Bradbury Barrel Company
Texas Basket Company

Duluth Tradmg Company

Rod Smtth Canvas Co

Burpee's

PaCIfic 4/Ranch Brand Supply Co

Orchard EqUIpment and Supply Co
Rod Smtth Canvas Co

Ramsay Weldmg and Machme Inc

Thomas E Moore Inc

Farber Bag & Supply Co
Orchard EquIpment and Supply Co

Orchard EquIpment and Supply Co

PART I FRESH HANDLING TECHNOLOGIES FOR HORTICULTURAL PRODUCE



CHAPTER 3 HARVESTING AND PREPARATION FOR MARKET

Stokes Ladders Inc
PacIfic 4/Ranch Brand Supply Co

REFERENCES

For AddresseslPhones of supplIers please refer to Appendix D

nut harvesters shakers

pIcking containers

potato separator/cleaner

reusable plastiC contamers

safety supplIes

.,hade cloth

V-pIck contamers

N H Savage EqUIpment Inc

Buckhorn
Fnend Manufactunng Corp
GlacIer Valley Enterpnses
Hydro-Gardens Inc
Orchard EquIpment and Supply Co
Rod Snllth Canvas Co

Sorting Technology Inc

Buckhorn

PacIfic 4/Ranch Brand Supply Co

local hardware and garden supply stores

Rockford Package Supply Inc
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PACKINGHOUSE OPERATIONS
AND PACKING PRACTICES

Packmghouse operatIOns can be as snnple as movmg produce from a field lug dtrectly mto a

slnppmg contamer, or may mclude a vanety of postharvest handlmg practices, from c1eanmg,

waxmg, SlZlllg, and qualIty gradmg to color sortmg or hot water dIps It IS nnportant to ID1D1illlZe

mechanical damage by aVOldmg drops, rough handlmg and brUlsmg dunng the steps of

packInghouse operatIOns Recent studies have shown that average levels of postharvest cherry

damage m Cahforma packInghouses IS extremely lngh About 28% of the fruits were brwsed

between harvestmg and amvmg at the packmghouse, and another 23% were damaged dunng

meL-halliCdl sOltmg and packmg Hand-sortmg by tramed workers greatly reduces the rate of

damage

Make sure your packmg operatIOns take place m a shaded area If you don't have a permanent

loofed structure Shade Cdn be created usmg whatever matenals are locally available, such as

shadecloth woven mats, plastlc tarps or a canvas sheet hung flom temporary poles Shade alone

can reduce aIT tempeJatures surroundlllg the produce by 8 to 17°C (15 to 30 OF)

1111S chapter descnbes the postharvest hal1dhng steps that typIcally take place m a packlllghouse,

dnd provIdes e'\.amples of pI aCtlces and sImple eqUIpment that Will help you to sort handle and

pIOtect pIOduce quahty and food safety dunng malket pIeparatIol1 and packlllg FOi those who
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would hke to reduce the amount ofhandlmg steps Illvolved III pack.l1lg, 'ranch packmg' method",

can be adopted fOl most produce Completmg the \\ orksheets at the end of Part I \\III assIst you

111 detel11unmg whethel these plactlces and postharvest technologIes can be economIcally

beneficIal for you opetatlOll

GENERAL DOs AND DON'Ts FOR PACKING HIGH QUALITY FRESH
PRODUCE

Provide shade for harvested produce waiting to be sorted and packed

Grade the roads and entryways between the field and the packing faCIlity

AVOid locating the packhouse directly next to an unpaved, dusty road

MInimize mechanical damage--avold drops, thrOWing and rough handling

Use hand-carts to assist workers In the careful movement of produce

Pre-sort to remove damaged, diseased, Immature or overmature produce

Keep the packing line as Simple as possible af1d keep It clean

Provide sanitary faCIlities (bathrooms and hand washing stations) for workers

Hand sorting can reduce damage If workers are well-trained and provided With
appropnate tools and equipment

Know the requirements and postharvest handling recommendations for the crops you
handle

Consider the use of a water dump system for handling water-tolerant produce

Do NOT wash green beans, cabbage, okra, peas, peppers or summer squash before
packing
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Do's and Don'ts continued

MOnitor chlonne levels In wash water to ensure adequate levels (100 to 150 ppm)

Provide cushioning on all sharp edges and rough surfaces of packing tables or the
washlng/sortlng/gradlng/packlng line Clean the tables regularly

Provide good lighting so that workers can see properly to sort and grade produce

When tnmmlng produce, do NOT remove more than necessary for high quality
Dispose of waste matenals properly

Use appropnate postharvest treatments (waxing, hot water dipS, 802, fungicides, etc)
to reduce the rate of decay or water loss

Do NOT use any chemical treatments that are not specifically recommended for your
commodity

Pack securely to Immobilize produce, but do not overfill or underfill packages

Use "ranch packing" practices whenever possible to reduce handling damage

Hand packing allows you to handle delicate vegetables and ready to eat, npe frUits for
speCialty markets

Cool the produce as soon as possible after harvesting

The IndIan Standards InstItutIon
has specIfIed four grades for
tomatoes

Super A
Super
Fancy

COIllmercIal
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THE PACKINGHOUSE

When decldmg upon where to locate a packmghollse consldel ease ofaccess to both the field ,md

the matket pomt You wdl need to proVlde adequate space for transport velucles or people

carrymg ploduce to enter and leave the packmghouse and consIder factors such as the ease of

access for laborers and where best to proVlde parkmg space for theIr pnvate velllcles The sIze

of the packmghouse, volume of produce and the number of employees you have WIll detennme

the number of docks, packmg statIOns, restrooms, and othel facIlItIes you Will need

In the Simplest packmghouse, produce IS deltveled m plckmg contamers llnmedlately aftel

harvest, drrectly to the packers The packers then sort, grade, SIZe and pack the produce drrectly

mto appropnate contamers In thIs case, each worker must be knowledgeable regardmg produce

defects, grade and S.1Ze requrrements, and packmg methods Ifyou are packmg dehcate produce

such as tree-npened fruIts and do not want to field pack, tms sImple 'Ianch packmg' method IS the

next best chOIce, smce handhng IS illlDlIDlzed and mgh quahty, npe fruIts can be packed safely as

long as they are handled gently As the SIZe and compleXIty ofthe packmghouse mcreases, more

operatIOns and workers tramed m specIfic tasks mIght be added

I'
Ii
'i

Any of the foUowmg postharvest handlIng steps may help you to
protect the value the produce you produce and market

PRE-SORTING
WASHING/CLEANING
TRIMMINGITOPPING
WAXING
SIZING/GRADING
BUNCHlNG/WRAPPING
POSTHARVEST TREATMENTS
PACKING
COOLING

•

tHHI n l I I lo.l II I; ,J, 1'11111 I I III !ll j III I II WI 11111 III It! J j III II Illl llil II
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DUMPING

Unless produce IS field packed, It must somehow be removed from the field bm or harvestmg

contamer and packed mto a shlppmg contamer The first step ofhandlmg IS known as "dumpmg"

the produce from the field contamer Dumpmg must always be done gently, whether you are

usmg water assIsted methods or dry dumpmg

Wet durnpmg can decrease brUlsmg and abrasIOns by usmg movmg, cWormated (100-150 ppm)

water to receIVe produce You can dump produce 111tO a water-filled bas111 or Immerse the whole

contamer to float produce out ofthe field bm and carry dehcate produce toward the graders and

packers Wet dumpmg can reduce mecharncal damage, smce water IS more gentle on produce

than a hard surface of a sortmg table or a conveyor belt If the spectfic denSIty of the produce,

such as apples, IS lower than that of water, the produce will float naturally For some produce,

such as pears, salts (such as sodIum hgnm sulfonate, sodmm silicate or sodmm sulfate) must be

added to the water to mcrease Its specIfic denSIty and make the fruIts float

When usmg dry dumpmg, havmg padded, sloped ramps or movmg conveyor belts will decrease

mJunes to produce The field contamer should be emptIed slowly and gently onto a tuted ramp

With padded edges

PRE-SORTING

Pre-sortmg produce IS usually done to ehmmate mJured, decayed, or othefWlse defectIve produce

before coolmg or addttIonal handlmg These un-marketable umts are sometlilles called "culls"

Pre-sortllg will save energy and money because culls will not be handled, cooled, packed or

transported Removmg decaymg produce Items IS espeCIally lIDportant, smce tlns will hmtt the

spread of mfectlon to other umts durmg handhng When packIng Olgamcally grown produce,

pre-sortmg IS especIally cntIcal SlUce pre-harvest chelDlcal controls and postharvest pestiCIdes are

not bemg used durmg packmg and storage

CLEANlNGIWASHING

For some CommodItIes, such as kIWifruItS and avocadoes, dry bruslung may be suffiCIent to clean

the produce Other commodItIes, however, such as bananas and carrots, reqUIre washmg The

chOIce ofbrushmg and/or washmg Will depend upon both the type ofcommodIty and the type of
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vontanullallon Cel1am produce should not be washed becaJ<..,c washlllg will H.1l10Ve the natllldl
~ ,

waxes that plOtect plOduce fi om water lo~s and dl<;ea <;t..

Wash before cooling and packmg tomatoes cucumbers leafy greens

Wash to remove latex reduce staining mangoes bananas

Wash after storage sweetpotatoes potatoes carrots

Dry brush after cunng or storage onions garilc klWlfrurt

Do Not Wash green beans melons cabbage okra peas peppers summer squash

SamtatlOn IS essentIal both to control the spread of dIsease from one Item to another, and to lImIt

spOle buildup m wash water or m the packInghouse aIr Chlonne treatments (100..10 150 ppm

available CI) can be used m wash water to help control mnoculum buildup dunng packIng

operatIOns There IS some vanatIOn III the strength of cWonne bleach avaIlable commercIally m

dIfferent countnes but a rule of thumb IS to use I to 2 mIs of chlonne bleach per lIter of clean

water (1 to 2 ounces of chlorme bleach per 8 gallons) More chlorme vvill be requITed If

temperatures are lugh or water contams a lot of orgamc matter Mamtam the pH of the wash

water between 65 and 7 5 for best results
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You can use a vanety of methods for washmg produce, but a constant f10vv of clean water IS

essentIal TIllS tank for waslllng produce IS made from galvamzed sheet metal A baffle made of

perforated sheet metal IS pOSItIOned Ilear the dram pIpe and helps to cIrculate water through the

produce Fresh water IS added WIder pressure through a perforated pIpe, wluch helps move
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floatmg produce toward the dram end ofthe tank for removal after cleanmg Improvements to the

design might mc1ude a removable trash screen 111 front of the baffle, and/or a reclrculatmg system

for the wash water (With the addition ofchlonne)

baffie

Source FAa (1989)

water
mlet

perforated //~/~===========;R'Sr==:C11
p,pe~

t
used

I water flows
to waste

• TRIMMING/TOPPING

Certam crops should be tnmmed or topped

to remove medtble plant matenal or excess

outer leaves before packmg ThIs SImple

practice also helps to reduce the lugh rate

of water loss wluch occurs through the

leaves ofroot and tuber crops

WAXING

REMOVE OLDER OUTER LEAVES

cauliflower head lettuce SWISS chard

and other leafy crops

REMOVE TOPS radishes carrots beets

turnips and other root vegetables

TRIM EXCESS TISSUE (mostly for appearance or

ease of packagIng) long leaves from green onions

(although onental food markets prefer the entIre

plant) tough stems from asparagus spears

WaXlng of unmature frUit vegetables such as cucumbers and summel squash mature filllt

vegetables such as eggplant, peppels and tomatoes and fruits such as apples and peaches IS a

common postharvest practice Food grade waxes are used to replace some of the natural wa...es

removed dunllg harvestmg and sortmg operatIOns, and can help reduce water loss dunng handlIng

and mm letmg If produce IS waxed the wax coatmg must be allowed to dry thoroughlv before

furthel handlmg
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WAXING CASSAVA ROOTS

dIp roots In 95°C paraffin

wax for 15 seconds,

allow wax to cool and dry

before further handling

Wa'\l11g c<1"",wa root<; can grcath c'\tcnd then usually short

po"th1fvc<;t hfe WhIle <.,assava has a typIcal shelf hfe of 2

week." at 2 to 4 °C wa'\mg can II1crease shelf hfe to I to 2

months

Source Ra"l et;}! (1996)

TIle wa\.lIlg deVIce Illustrated hel e was desIgned III Tasmama to

be used after a senes of dry brushes on a small-scale

pack1l1ghouse conveyor hne Industnal wool felt IS used to

dIstnbute the lIqUId wax to the fruIts or vegetables from a

trough made the same WIdth as the conveyor belt EvaporatIOn of wax from the felt IS reduced

by covenng the felt WIth a layer ofheavy polyethylene sheetlllg

Source Martm &Mlezltls (1964)

~__- POLYETHYLENE SHEET •

BRUSHES

SIZING/GRADING

Smng produce IS usually a part of gradlllg and you must meet the standards for allY produce

packed fOl sale through tradItIOnal wholesale markets SlZlllg produce IS optIOnal for dIrect

mal keters, but may be wOlthwlnle If ceitam SIZe grades receIve a lngher pnce than others

Another Ieason to desl1e u111fo1111 SIzed produce IS for place-packlllg produce by count or fOI

accurately filllllg trays When usmg these packmg methods, If non-ulllfonn SIzes are packed

together, some plOduce 1<:; not ImmobIlIZed WIthm the contamer whIle other umts may be

squashed
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Place-pack Under the AGMARK
scheme, Indian Bartlett
pears are graded mto 4
classes

Extra large
(2 3/4" diameter)

Large (2 1/2")

Medium (2 1/4")

Small (2")

Source Singh, 1998

In most low-mput packInghouses manual slZlllg IS still commonly practIced Operators should

be tramed m selectmg the SlZe desIred and to eIther dIrectly pack the Items mto contamers or

place the selected produce gently mto a bm for packIng further down the hue SlZlllg can be done

subjectIVely (Visually) With the use ofstandard SlZe gauges Examples ofthe smallest and largest

acceptable SlZes for each product can be placed Within View of the operator for easy reference

Hand held SlZers are used for a vanety ofproducts

Round produce umts can be easily graded by usmg SlZlllg nngs RIngs can be fasmoned from

wood or purchased ready-made m a Wide vanety of SlZes

Smgle SIze hand held SlZlllg nng ·0
MultlpIe SlZe nngs

Source FAO 1989 IOQQI
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Several types ofmechamcal slzers are available for <;mall ,>cale 0pclatlOns One type IS composed

of a long slanted tray \\I1th a senes of opeI1lngs whIch converge (large<;t at the top smallest at the

bottom) TIus type ofSIZer works best \\11th round commodltles

The CItruS SIzer Illustrated here IS composed ofa rectangular chute made of plywood, padded Wlth

foam to prevent bruISlllg The flult IS gently dumped mto the octagonal platform at the top of the

chute, then allowed to roll, one by one, down toward a senes of constnctlOns Large fruIts are

caught m the first constnct10n, medIUm III the second, and smalllll the last UndersIZed fiult passes

out the end of the chute drrectly mto a

contamer Workers must manually

remove each fruIt and place It mto the

appropnate sIZe contamer before the next

frUIt can pass through the chute The

SlZlllg IS fa "test when five workers are

statIoned at the SIZer

Rubber sheet With foam

Source Reyes M U (Ed) 1988

The omon sIzmg table Illustrated on the next page IS one of three (or more) tables used m a senes

Each table IS made ofplywood and has been perforated WIth holes ofa specIfic SIZe The first table

has the largest SIze holes, and the last table has the smallest holes A layer of omons IS dumped

onto the first table and moved by hand toward the holes Those that do not pass through are

classIfied as "extra-large" 111 SIZe TIlOse that pass through fallmto a mesh bag and rollmto a large

padded contamer TIus contamer of omons IS then dumped onto the second SlZlUg table TIle

O111ons that do not pass through the holes III that table are classIfied as "large", and so on
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Reduce potentIal damage to the produce by tnmllTIlZ11lg the heIght of the drop mto the contamer,

usmg a tluck layer ofpaddmg m the collectiOn cOlltamer, and makmg sure sOiters dump the ODIons

onto the table as gently as possIble

M h bag

Source Reyes M U (Ed) 1988

A WIde vanety of SIZers are desIgned as conveyors fitted WIth cham or plastIc belts WIth vanous

sIZed openmgs, and are useful for SlZIDg most commodIties Another srrnple method for

mechamcal SlZIDg m a small-scale packtnghouse IS to use a set of dtvergmg bar rollers where the

smallest sIZed produce falls through the rollers first to a sortmg belt or bm, and larger sIZed

produce falls between successIVely more dIVergent rollers It I~ tIllportant to illllllilllZe the heIght

of drops to prevent brmsmg produce

o OJ--_O~--~(..L-)-

1)0 0 () 0

! !

Ism~ 0 IIL-M",_,u_m_b__

Large
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~ortmg b\ mtltunt\ can maXUnIze the market value of crops such as stone mnt!> mangoe<; and

tomatoes Mature gl een filnts can be stored for a short time (one to two months under pi oper

condItIOns) then npened when there IS market demand

RIPE TOMATOES CAN BE FURTHER SORTED AS FOLLOVVS

Full npe ready to eat • local market Immediate sale
or processmg to paste or dned forms

Partially npe (pink or turning) ---.. transport to regional or distant markets

Breaker stage •
(10 days from full red at 18 0 Cor 64 OF)

rw..l Iil Ltl-.- I.l uh I I Jl ~ I L II II C .... j! ~1I11l1l1111 Ul,.!11 JlIlJl;l1 ~ I

short term storage
or long distance shl ppmg

_ L LlJ ....llLL~ ~It lJMI lllllLL/llH LllfiJ UlIIII U1U11I1i 111I III H I Hllilllil ~I ilI1LlIlillU ttl [II Illl 1I

BUNCIDNGIWRAPPING

Some commodItIes are eaSIer to handle and pack If they are bunched and/or wrapped Wrappmg

cauhflower m vented polyethylene film can reduce damage to the dehcate heads by protectmg

agamst abraSIOns dunng postharvest handhng Small Items

such as radtshes can be bagged and packed as a urnt of0 5lb

or lIb, whtle green omons, broccoh and asparagus spears are

often bunched WIth a WIde rubber band before packmg

POSTHARVEST TREATMENTS

111ele are some chemIcals used 111 the packmghollse that are generally recogmzed as .;;afe (GRAS)

whtch can help control phYSIOlogical disorders and a vanety ofmolds and fungI on flult crops

CalcIUm Chlonde

A solutIOn ofCaCl2 (2 to 3% 111 dean wateI) can be plepared as a dip, and acts to contlOl bItter

pit 111 early harvested, lower matunty apples
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ChemIcal fungal control

Sulfur dIoxIde (S02) IS used as a fumIgant or a water spray (0 5% for 20 mmutes for the InItial

treatment, then 02% for 20 ffimutes at 7 day mtervals) on grapes to control BotlJ'tIS, Rhc.opus

and Aspelgil/us fungi You need to provIde a locatIOn such as a gas-sealed room or outdoor tent,

where fumIgatIon can be done Without the gas leakIng mto work areas

Careful calculatIon ofthe amount of sulfur dIOxIde requITed to treat grapes can greatly reduce the

need to vent or scrub the storage aIr after fumIgatIon to remove excess S02 For m[onnatlOn on

the "total utIlIzatIOn" fumIgatioll techmque that has been developed for treatmg grapes With sulfur

dlO>Jde, see LUVISI ( 1992)

Sulful IS used on bananas as a paste (0 1 % actIVe mgredient) to control crown rot fungI

SodIUm or potassmm bIsulfite

Blsulfites are used m a sawdust mIXture (usually contamed Wlthm a pad that can be placed mSIde

a carton) to release S02 for control ofmolds on grapes (5 grams for a 24 to 28lb box)

ChemIcal Bactenal control

Bactenal soft ret (Ernima) ofcabbage can be controlled by usmg lIme powder or a 15% solutIOn

of alum (alummum potassIum sulfate) m water After treatment of the butt-end of the cabbage

heads, the produce should be allowed to dry for 20 to 30 mmutes before packIng LIme powder

can be ea~lly apphed by pressmg the outt-end of the cabbage mto a small pile ofpowder

Applymg alum SOlutIOll

(splay or brush on)
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Heat Tre,itments

Postharvest heatmg usmg hot water or hot forced-aIr to lull or weaken pathogens Celn be used as

a method for decay control In fresh fiUItS and vegetables fI'mt should not be handled

ImmedIately after heat treatment Whenever heat IS used WIth fresh produce, cool water showers

or forced cold aIr should be provIded to help return the fruIts to theIr optImum temperature as

soon as possible after completIOn ofthe treatment

HOT WATER TREATMENTS

Commodity Pathogens Temperature Time Possible InJunes
(0C) (min)

Apple G/oeosponum sp 45 10 Reduced storage life
Pemc/lIlUm expansum

GrapefrUIt Phytophthora cltrophthora 48 3

Green beans PyfhlUm but/en 52 05
SclerotJnJa sclerot/orum

Lemon Pemc/lllUm dig/tatum 52 5-10
Phytophthora sp

Mango Collectotnchum gloeospono/des 52 5 No stem rot control

Melon Fungi 57-63 05

Orange D/plod/a sp 53 5 Poor degreenlng
Phomops/s sp
Phytophthora sp

Papaya Fungi 48 20

Peach Monolima frucflco/a 52 25 Motile skin
Rh/zopus stolomfer

Pepper (bell) Erwlma sp 53 1 5 Slight spotting

Source Barkal-Golan and PhIllIps (1991)

PART I FRESH HANDLING TECHNOLOGIES FOR HORTICULTURAL PRODUCE



CHAPTER 4 PACKINGHOUSE OPERATIONS AND PACKING PRACTICES Page 4 15

HOT FORCED-AIR TREATMENTS

Commodity Pathogens Temperature Time
(0C) (min)

RH
(%)

Possible InJunes

Apple G/oeosponum sp 45 15
PemcllllUm expansum

Melon Fungi 30-60 35

Peach Monollma fructlcola 54 15
Rhlzopus stolomfer

Strawberry Alternana sp 43 30
Botrytrs sp Rhlzopus sp
Cladosponum sp

100

low
breakdo\fv'll

80

98

Detenoratlon

Marked

Source Barkal Golan and PhJ!hps (1991)

RANCH PACKING

Field Containers
(Sleel BuckelS)

/P3clang Contalners J grades
(Remforced Cartons)

RANCH
PACK

A smgle worker can pack produce by removmg It drrectly from the field contamer, gradmg by

SIZe, color or quahty, and hand packmg each umt mto the appropnate contamer For example,

IT there were three quahty grades bemg packed, the worker would have three open cartons

Wlthm easy reach, and place each umt mto the correct package ThIs practlce aVOlds the

handhng steps of dumpmg, cleanmg and other postharvest treatments and greatly reduces the

amount ofmechamcal damage durmg packmg
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The table Illustrated here IS a combmatlon sortIng and packmg stand IncolTImg produce IS placed

mto the canvas sortIng bill, sorted by one worker mto the paCK.1llg bm" and finally packed mto

cartons by a second worker [fworkers must stand to sort produce, a firm mbber pad for the floOl

Cdn help I educe fatIgue

packmg om
(wire mesh covered

with canvas or sackmg)

Source FAO (1986)

COMPARISON OF ESTIMATED COSTS AND EXPECTED BENEFITS OF
SORTING/SIZING/GRADINGIPACKING OPERATIONS

Costs
EqUIpment
Labor
Packages

Benefits
Reduced losses due to decay, less splead ofmfectlOn
Improved overall qualIty, less damaged ploduce
HIgher market pnce for lllghest gladed produce

Example 1
Unsorted club peppers packed ill 50 lb sacks have a value of $0 20llb III the wholesale tenumal
market m the U S At a gIven tIme 1000 lbs are packed and marketed to commercIal buyers,
who must sort the peppers before Iesale to consumers or for food seIVIce use WIth average
postharvest losses due to decay of 15% Sorted produce will have addItIOnal marketmg optIOns
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Costs
Sortmg table $50 00, usable over many seasons
Labor $7/hour for sortmg mid packmg 20 lb cartons of3 qualtt} grades

(3 hours for 1000 lbs) = $21 00
48 Packages cost $1 50 each (= $72 00) vs 20 sacks winch cost $050 each (= $1000)
Total costs (unsorted) = $10 vs Total costs (sorted/packed) 50 + 21 + 72 = $123
(Total recurrmg costs for sortmg/packmg = $21 + $72 = $93)

Benefits
UnsOlted/unpacked market pnce = $10 150 lb sack, 20 sacks Total = $200 00
Sorted/packed market pnces lnghest grade = $ 0 45 lIb

medIum grade = 0 20 lIb
lowest grade = 0 15 lIb

If 60% ofthe produce IS ofthe Inghest grade (30 cartons) = $270
If25% IS medtum grade (12 cartons) = $48
Ifthe remamder are the lowest quahty (6 cartons) = $12
Culls (not packed) = 4% (eqUIvalent of2 packages)
Total = $330

Expected profits from sortmg/gradmg/packmg ThIs example demonstrates an 1lllllledlate
recovery ofmvested capItal The first 1000 Ibs ofpeppers sorted and packed pays for the capItal
outlay (the sortmg table), after tins, each 1000 Ibs packed results m a return ofan addttlOnal $47
($330 - $93 m costs = $237) m companson to peppers sold unsorted m sacks ($200- $10 = $190)

Example 2 Unsorted 20 kg sacks ofsweet peppers (bell peppers) have a market value ofRs 20/kg
m the wholesale mandl m Punjab 1000 kg are harvested, and 15% postharvest losses are due to
water loss dunng transport to market

Costs
Sortmg table Rs 3000, usable over many seasons
Labor for sortmg and packmg 3 quahty grades (one day @ Rs 80/day)

100 fiberboard boxes cost Rs 10 each (= Rs 1000) vs 50 sacks winch cost Rs 2 each (= Rs 100)
Total costs (unsorted) = Rs 100 vs
Total costs (sorted/packed) Rs 3000 + Rs 80 + Rs 1000 = Rs 4080
(Total recurnng costs for sortmglpackmg = R80 + Rs 1000 = Rs 1080 )

Benefits
Unsorted/unpacked market pnce = 50 sacks of20 kg @ Rs20 /kg Total = Rs 20,000
Sorted/packed market pnces lughest grade = Rs 40 /kg

medIUm grade = Rs 25 /kg
lowest grade = Rs 15 /kg
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If50% ofthe produce IS of the hIghest grade (500 kg) = Rs 20 000
If30% IS medIUm grade (300 kg) = Rs 7500
Culls (not packed) = 4% (40 kg)
If the remamder are the lowest qualIty (160 kg) = Rs 3000

Total = Rs 20,000 + 7500 + 3000 = Rs 30,500

Expected profits from sortlllgigradlllgipacklllg ThIs example demonstrates an ImmedIate recovery
ofmvested capItal The first 1000 kg ofproduce sorted and packed pays for the capItal outlay (the
sortmg table), after tllis, each 1000 kg packed results III a return of an addItIOnal Rs 9520
(Rs 30,500 - Rs 1080 m costs = Rs 29,420) III cOTIlpanson to peppers sold unsorted m sacks (Rs
20,000- Rs 100 m costs = Rs 19900)

SOURCES OF PACKINGHOUSE EQUIPMENT AND SUPPLIES

brusher/washer

cWonne meters
cWonnatlOn system

cleaners

conveyors

dumpers bm

field bo'Ces, crates, buckets or baskets

fruIt and vegetable waxes

gloves

mspectIOn roller tables

Northwest Int'l EqUlpment Co
Orchard EqUlpment and Supply Co

InternatIOnal RIpemng Corp
Amencan MachInery

Brogdex Co
Orchard EqUlpment and Supply Co

Agn-Tech, Inc
MIchtgan Orchard Supply
Northwest Int'l EqUlpment Co
Sortmg Technology, Inc

Agn-Tech Inc
Durand-Wayland, Inc
Orchard EqUlpment and Supply Co
Northwest Int'l EqUlpment Co

Durand-Wayland Inc

Brogdex Co
MIchIgan Orchard Supply
Orchard EqUIpment and Supply Co

Pactfic 4/ Ranch Brand Supply Co

Market Fann Implement
Orchard Eqlllpment and Supply Co
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hftmglhandlmg eqUipment
foldmg nunt-dolly
fork hft attachment for tractor
pallet Jack

packmghnes

pH meters

rotary tables

scales

sizers
cham sizers

expandmg rollers

nut sizers

onton sizers

slzmg nngs

washers and waxers

water dump

water quality analyses eqUipment

Seal-o-Manc
Orchard EqUIpment and Supply Co
Market Farm Implement

Ag-Pak
Amencan Machmery
TEW Manufactunng Co

Fisher
internatIOnal Rtpenmg Corp

Market Farm Implement
Mtclugan Orchard Supply
Orchard EqUipment and Supply Co

Orchard EqUipment and Supply Co

Mtclugan Orchard Supply

Northwest Int'l EqUipment Co

N H Savage EqUipment, Inc

Clunook Packmg EqUipment

Orchard EqUipment and Supply Co
InternatIOnal Rtperung Corp

Agn-Tech Inc
Durand-Wayland, Inc
Market Farm Implement
Mtclugan Orchard Supply
Orchard EqUipment and Supply Co

MIchigan Orchard Supply

HACH
internatIOnal Rtperung Corp

For addresses ard phonelFAX numbers refer to AppendiX D
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Produce packed for tradItIOnal wholesale termmal markets will requIre the use of new, standard

sIZed packages and standardIZed packIng counts and/or weIghts WIth mcreasmg concerns for

envIronmental health, reusable or recyclable packages and packagmg matenals are becommg more

WIdely used m the hortIcultural mdustry TypIcal packagmg matenals mclude fiberboard (cartons

boxes bms flats, dIvIders and pmiItIOns), wood (wrrebound or nailed crates, baskets, trays lugs),

paper (bags, sleeves, wraps, hnel s, pads, excelSIOr), plastIC (boxes trays, mesh bags, solId bags,

contamers, film waps, dIVIders) and polystyrene (foam boxes, tra\s lugs, sleeves, hners, pads and

dIVIders) DIrect marketers can use any SUItable package, and can sometlffies reuse dIsposable

packages many tlilles as long as they are kept clean Dependmg on the dehcacy and handlmg

requIrements ofvanous produce, packages can be slffiple and mexpenslVe to complex and costly

Tlus chaptel descnbes a vanety of packages, packagmg matenals and package lIners and m~elts

that can be used to protect produce qualIty dunng postharvest handlIng, storage, transport and

malketmg Included IS a bnefmtroductlOn to the pnnclples and practIces ofModIfied Atmosphere

Packagmg (MAP) for those of you who want to take a qUIck look at a modern postharvest

technology that can be used along WIth temperature management to greatly ll1crease shelf lIfe for

celiam hortlcultmal plOduce MAP requlles the use of fleXIble packagmg films speCIfic to the

I eqmrements of each commodlt) Smce MAP IS relatIVely expenSI\ e, thIS technology ma) be cost

effective only for 11Igh value produce such a:" bernes and fresh-cut products
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In addItIOn to protectIOn, pa(,kagmg allows qUIck handlmg throughout dIstnbutIOn and marketmg

and can mllumIze Impacts of rough handhllg Ifproduce IS packed for ease of handhng, hea\ tly

waxed caltons, wooden crates or ngld plastIC contamers are preferred over bags or open baskets,

smce bags and baskets wtll provIde no plOtectIOn to the produce If they are stacked SometImes

locally constructed contamers such as sturdy baskets or palm-nb crates can be hned to plovlde

added plotectlOn to produce Waxed canons, wooden crates and plastIC contamers, wIllIe more

expenSIve, are reusable and can be used for hydro-coolIng and package Icmg Although wa\.ed

cartons are not Iecyc1able and some people choose to aVOId these packages, they stand up to the

Ingh relatIve hUlll1dlty found m the storage enVIronment

Contamers should not be filled eIther too loosely or too tIghtly for best results Loose products

may VIbrate agamst others and cause brulsmg, wlnle overpackIng results m compressIOn brulsmg

Shredded newspaper or paper excelSIor are mexpenslVe and hghtwelght fillers for l1llill.obillz111g

produce 111 sInppmg contamers

Throughout the entrre handhng system, packagmg can be both an aId and a hmdrance to

obtammg maXlillUill storage hfe and qualIty Packages need to be properly vented to allow

proper arr crrculatIOn yet be sturdy enough to prevent collapse Collapsed packages proVIde httle

or no protectIon, requmng the commodltv mSlde to support all of the weIght of the overhead

load PackIng IS meant to protect the commodIty by nnmobillzmg and cusInonmg It, but

temperature management can be made more dIfficult IfpackIng matenals block ventilatIOn holes

When packIng matenals act as vapor barners they can help mamtam benefiCIal Ingher relatIVe

hmmdltIes WIthm the package

SImple hand-packmg or mechamcal packIng systems often use the volume-fill method or tIght-fill

method, m WhICh sorted plOduce IS delIvered mto boxes then vlbI atlon settled Most volume

fillers are deSIgned to use weIght as an estimate of volume and final adjustments are done by

hand For most small-scale operatIOns, hand packIng WIll be a major part of the postharvest

handlmg system WhIle hand packmg reqUIres a lot of labor, produce can be hand-packed to

create a mOle attractIve pack often usmg a fixed COlllt ofumfonnly SIZed umts (m molded trays

or place packed, sometImes mdlvldually wrapped) Hand-packIng also allows you to package

nper fruIts and more delIcate herbs and vegetables and proVIde buyers WIth great tastmg, ready-
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to-eat produce If you package npe produce

fOI speclaltv ~hops 01 CI eate gIfl-pach or gIft

baskets these consumer packs wIll generally

have to be packed mto larger contamers whIch

wIll then provIde more sUItable protectIve

packagmg

For small-scale handlers Illterested III

constructmg therr own cartons from

corrugated fiberboard Broustead and New

(1986) plOvide detailed mfonnatIOn Many

types of agncultural fibers are sUItable for paper makmg (HunSIgI, 1989), and cooperatIves of

small growers/handlers/slnppers may find 1t economICally sensIble to rnclude these operatIOlls III

therr postharvest system.

GENERAL DOs AND DON'Ts
FOR PACKAGING HIGH QUALITY PRODUCE

Use sturdy packages, capable of standing up to handling, cooling and storage
conditions (high humidity environments)

Line rough packages such as baskets and wooden crates with cardboards Inserts

Reinforce packages used for heavy produce with corner supports or folded diViders

IDon't use very large packages-- the larger the container, the more likely the produce
IS to Suffer damage durIng handhng --

Use shallow packages for delicate produce such as bernes grapes summer squash
and rtpe stone frUits (Single layer or double layers)

Do NOT overload packages or allow produce to bulge up over the Sides

Packages should be vented about 5% of the surface area per Side

Don't pack produce either too tightly or too loosely
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Do's and Don'ts contmued

Consider uSing packaging matenals such as trays Cups wraps liners and pads to
help Immobilize and protect produce, but don't overdo It

Small, rIgid plastic containers such as clamshell baskets (consumer sized
contamers placed mto larger boxes) are useful for protectmg bernes from damage
and water loss

Lmers made of perforated plastic films will decrease the rate of water loss from
produce such as chernes

Make sure the packages you use for garlic and onions have plenty of ventilation
(mesh bags will provide tt- e lower humidity environment reqUired for proper
handling)

Do NOT block the ventilation holes of packages With fillers or Imers

Label contamers With your logo or farm name for enhanced marketmg (have cartons
printed or use mexpenslve paper labels or stickers)

Consider the use of modified atmosphere packaging for your speCiality products
(read the section of thiS chapter on MAP If you are considering modified atmosphere
packagmg)

Consider uSing packages that can be used as to display produce dUring marketlrg
(printed sides, display matenals on flaps)

Pack 'consumer packages' such as gift packs or display trays mto larger more
protective outer contamers before stacking transport and marketmg

Consider the use of packages With "hand-holds"-- these cut-outs can reduce
damage since they provide an easy way to pick up and carry produce

Use vlrgm/food grade matenals whenever possible Avoid wood, nalls, staples due
to possible food safety problems
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PACKING CONTAINERS

TIlere are many types ofpackmg contamers available for horticultural produce, and they come 111

a huge 1ange of SIzes TIle three contamers stvles Illustrated here are constmcted from comlgated

- fiberboard The reg'dlaF-slotted contamer IS fully collapsible and the most economical Collapsible

contamers can be flattened and stacked maklllg transport easy and less expenSIve and take much

less space to store while empty m the packmghouse

Source Fibre Box ASSOclatlClrl

aO

Half or full-telescopIc contamers have the hlghest stackIng strength and protect agamst bulgmg

but are more costly Your chOice ofpackage style will depend on what commodIty you pack and

how you mtend to use the contamer throughout the postharvest system (durmg coohng, for long

term storage, as a dIsplay)

The contamer known as a
BlIss box has very strong
corners but IS not
collapsIble

()
()
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A simple wooden tray wIth raised comel';; IS s11ckable and allows plenty ofventI1atlOl1 for fragIle

crops such as npe tomatoes

Stackable cartons

remforced WIth

woodencon~
supports

___________ '--rr-r-..,..----......-.'1

D indIVIdual DconSlJ.mer
packages

DDD

Smaller consumer slZed contamers can be

packed mto a larger contamer

Carton deSIgned to hold SIX small contamers per
layer used for bemes snow peas, herbs

PACKAGE INSERTS, FILLERS AND LINERS

Addmg a fiberboard dIVIder to a carton WIll Increase stackmg strength The use of snnple dIVIders

IS common WIth heavy crops such as melons and prevent melons from vibratmg agamst one

another dunng handlmg and transport

FIberbo31 d dIVIder
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Wooden Illserts or fiberboard folded 111tO tIght tnangles and placed 111 all four corners can be

especially useful when a carton needs strengthemng

Tn<ll1gular support right angled block
anchored Into corners of sImple cartons to reInforce corners
provIde ventilatIOn and mcrease stackmg strength constructed
of \\ood or heavy-weIght folded fibreboard

Usmg a polvethylene hner 111 a fiberboard carton can help protect produce and reduce water loss

In commodItIes such as chemes nectannes h..IwIfrmts, bananas and herbs Watel vapor gIven off

by the product IS contaIned Wltfun the hner rncreasrng the RH around the product and deCleaSIng

the rate ofwater loss The lIner can also Ieduce abrasIOn damage that results from frUIt rubbmg

agaInst the InSIde of the box It IS unportant to keep produce cool to prevent causmg damage m

cartons Imed WIth polyelhylene due to gas COmposItIOn changes related to Increased reSpIratIOn

rates

Never use unperforated plastIc bags to store

omons or garhc--the relatIve hUillldIty (RH)

mSIde the bag IS too hIgh for proper handlIng

and storage Losses due to rootmg, sproutmg

and postharvest decay will mcrease

dramatIcally

PLASTIC LINER

Thompson (1996) reported that perforated film bags used
for omon storage resulted In the follOWing rates of rooting

No perforations (98% RH)
36 perforations of 1 6mm (88% RH)
16 perforations of 6 4mm (54% RH)
32 perforations of 6 4mm (51% RH)

71% rooted
59% rooted
17% rooted

4% rooted
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When locally made contamers ha\ e shall) edges or rough mner surfaces, a <;nnple me"\.1Jensl\ e

Imel can be used to protect produce from damage dunng handhl1g

Cardboard Imel for a palm nb CI ate

Lmer for a wooden crate

LABELING

Labehng packages helps handlers to keep track of the produce as It moves through the

postharvest system, and assIsts wholesalers and retailers m usmg proper practices Cartons can

contam mformatlOn on maxnnum stackmg heIghts, recommended temperature range and RH

condItIons The label on a contalller of lettuce mIght warn agamst storage WIth ethylene

pIOducmg ClOpS

Labels can be prepnnted on fiberboard b{l\.es 01 glued stamped or stenctled on to contamel';;

Brand labelmg can aid III adverttslllg fOl the product's producer packer and/or shIppers Some

slllppel s also proVIde mfonnatlOnal brochUl es detatllllg storage methods or recIpes for consumer.;;

Some grovllers put small stIckers (wIth a colorfullepresentatlOn of the fann name logo 01 vanetv

name) on llldlvldual urnts of specIalty produce both to mcrease consumel awareness ofv"here the

produce they are eatmg comes from and to enhance Its perceIved value
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e-

LabelIng of consumer packages IS mandatory under FDA regulatIons Labels must contam the

name of the product net weIght, and name and address of the producer, packer or dtstnbutor

Shipping labels can contain some or all of the following information

Common name of the product including the vanety of the commodity
Net weight count and/or volume
Brand name
Name and address of producer packer and/or shIpper
Country or region of ongm
Size and grade
Recommended storage temperature
Special handling mstructlons
Names of approved waxes and/or pesticides used on the product

Ill! j i~ ~ll 1111 I I I

EconollilC ConsIderatIOns

Packages and packagmg matenals must be evaluated regardmg all the costs assocIated WIth

adaptmg the package mto your marketmg system Accordmg to MItchell (1992) you should

conSIder packagmg costs, packIng costs, handlmg costs, marketmg costs and product value

costs

COSTS ASSOCIATED WITH PRODUCE PACKING AND PACKAGING

1 Packag'ng costs package components shiPPing/handling costs assocIated

Vv'Ith purchasing packages labor and matenals for package make-up liners pads, trays waps storage

costs for empty packages

2 Packing costs number of packtng steps required effect on packmg operation

labor effiCiency

3 Handling costs stackIng efficIency costs of pallet strapping glues pallet matenals

4 Marketing costs effect on load density speCial labor or equipment needed for handling adaptlbllity

of package as a display Unit

5 Product value costs effect of package In redUCing detenoratlon value of losses

due to package failures value of brand reputation related to package performance
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MODIFIED ATMOSPHERE PACKAGING

P'lge 510

The basIc premIse of modIfied atmosphere packagmg (MAP) technology IS that once ploduce IS

placed 111 a package and sealed, an envIronment dIfferent from ambIent condItIOns wIll be

establIshed as the produce contmues to respne The key to successful use ofMAP technology IS

kllOwmg what type of ellvrromnent wIll be most benefiCIal to the produce 1I1slde the package and

then determlmng wInch packagmg matenals should be used to create such an enVlfonment MAP

IS ONLY a supplement to proper refngeratlon and NOT a replacement for temperature

management MAP WIthout refrIgeratIOn IS of httle benefit m extendmg the shelf-lIfe of any

penshable, and will actually decrease shelf lIfe If produce IS handled at temperatures of 20°C (68

"F) or above

MAP m combination \NIth cold storage may benefit produce m the follo\ll/mg ways

Reduce mOisture loss (reduced weight loss)

Delay npenmg (longer marketmg time)

Control decay (reduced postharvest losses)

Delay undesirable compOSition changes (delay loss of fruit aCIds and sugars)

Envrronmental condItIOns Illlportant to penshables that MAP can effect are atmosphenc oxygen

(02), carbon dIOXIde (C02), ethylene (C2~) and water vapor (relatIve humtdlty) concentlatIOns

Conect use ofMAP technology can slgruficantly extend the shelf-lIfe of produce but Ifmconect

packagmg matenals are chosen atmospherIc condItIOns may be generated whIch will mJure

produce and thIS will result 111 shOIter shelf-lIfe 01 reduced product quahty 11us sectIOn WIll

expla1l1 how MAP extends produce shelf-lIfe how to chose an appropnate packagmg film and

what packagmg matenals ale avaIlable for fresh produce

In general unless you are marketmg lugbJy valuable plOduce you wIll plObably find that the added

cost ofMAP IS not wan anted Good candIdates fOI the use ofMAP are bernes, fresh-cut plOduce

and for long-tellll StOI age of some fruItS
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GENERAL DOs AND DON'Ts
FOR USE OF MODIFIED ATMOSPHERE PACKAGING

Use MAP only In combinatIon wIth refngeratlon

Do NOT package mushrooms In MAP due to the risk of

ClostndlUm botulmum

Always precool products before packaging

P-.ge 5 t t

Use films that will not cause product fermentation (you must know the

respiration rate of the produce at the temperature at which It will be

handled)

Do NOT use MAP on decayed or Injured produce

Do NOT use MAP on overnpe or senescent produce

l
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One of the greatest benefits denved from use of MAP ]S mamtenance of l11gh relatwe humIdIty

around the product Natural bamers to water loss may be removed dunng harvestmg, leavmg

fresh produce susceptIble to dehydratIOn FleXIble film pouches slg1l1ficantly reduce the rate of

water loss fi om fresh produce by creatmg an envtronment lllsIde the package that IS near 100%

relative humIdIty However, water condensatIOn on the mtenor of the package, usually caused

by temperature fluctuatlOns, may promote the growth of spotlage microorgamsms and obscure

consumeIs' abJ1Ity to examme the product pnor to pUlchase TemperatUle control, appropnate

selectlOn of fleXlble film water vapor transllilSSIon rate and mcorporatlon ofanttfog addItives mto

a fleXlble film can ehmmate these problems

ActIVe versus PaSSIve MAP

GeneratIOn of a low O2 and/or elevated CO2 envrronment WIthm a MAP extends produce shelf

Me by sloWlllg browmng reactIons at cut surfaces, reducmg the rate of product resptratIOn and

reducmg ethylene bIOsyntheSIS and actIon When the low 02and/or elevated CO2 atmosphere

WlthIn a MAP results from the produce consummg O2 and releasmg CO2 Wlthm a confined space,

tlns IS called a paSSIVely modIfied atmosphere FleXlble packagmg films used for produce allow O2

to move mto the package from the outSIde atr and CO2 to be released from mSIde the package

The atmosphenc compOSItion WIthIn a MAP IS determmed by the O2 consumptIon and CO2

evolutIon rate of the product, film O2 and CO2 permeability, as well as film surface area and

product mass

The rapId estabhshment ofa low O2and/or elevated CO2 enVIronment IS cntIcal for the preventlOn

of cut surface brownmg on many fi esh-cut products and equthbnum gas concentratIons WIthm a

package can be attamed qUIckly by evacuatlllg the package and flushmg It WIth the predIcted O~

and CO2 equilibnum concentratIOns 1111S type of modIfied atmosphere IS called an actIVely

modIfied atmosphere and IS necessalY fOJ MAP fresh-cut lettuce products whIch commonly have

less than 1% O2 to slow broWIllllg IeactlOns and more than 10% CO2 Gas flushlllg packages

does not alter the equilibnum O2 and CO2 concentratIOns wlthm a produce package but merely

reduces the amount oftlille requtred to reach eqmhbnum condltlOns Although the use oflow O2
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and elevated CO2 MAP IS very effective for reducmg cut surface brownmg of lettuce products It

does not work well for otheI commodItIes such as fresh-cut fruIt
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Effects of pasSIve and active atmosphenc modtficatIOn on the 02 and CO2 concentrations W1thm a theoretIcal
MAP The passIve modIficatIOn takes nearly 8 days to reach the destred concentrations In the MAP whIle the
active modIficatIOn the proper mIx of gases are mtroduced to achIeve destred levels Immediately

Reduced O2 and elevated CO2 atmospheres WIthm MAP also extend the shelf-hfe of fresh-cut

products fly reducmg therr re-splratIOn rates and SlOWIng use of finIte energy supphes that are

available m hvmg tIssue MAP IS not a substItute for temperature management, but merely a

supplement to cold storage Low temperatures have a much greater effect on produce resprratIOn

rates MAP's are deSIgned to mamtam optImal O2 and CO2 concentratIOns WIthm a package and

proper functIOnmg IS predIcated upon storage temperatures bemg mamtamed WItJlln a specIfied

range Temperatures throughout dIstnbutlOn and marketmg must be carefully controlled

because, tfproduce 111 MAP IS e"'Posed to tempeIatures above Its expected storage temperature

range, lllJUflously low 0_ or Il1Junously Ingh CO2 levels WIll be generated and sIgmficant shelf-lIfe

reductIOn wIll occur ReductIon III shelf-lIfe may be due to lIlductlOn of fermentatIOn and/or

enhanced growth oflactlc aCId bactena both of winch cause obJectlOnable off-flavors and odors
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nle ne'\.i illustratIOn shows the effects of storage temperatme 1nd MAP on the shelf-hfe of a

theorectlcal penshable commodity, which has an optimal storage temperature of 0 °C (32 OF) At

o °C the use of MAP extends shelf-hfe by 2 days or approxlamely 20%, compared to pi oduce

stored 111 an Product held at 10 °C (50 OF) In MAP has a longer shelf-ltfe than product held 111 air

at 10°C but a slgmcantIy shorter shelf-bfe than plOduct that IS held either III aIr or MAP at 0 °C

1111S demonstrates that temperature control IS more effectIve than MAP 111 extendmg shelf-lIfe At

20°C (68 OF) MAP products may actually have a I;horter shelf-lIfe than If they were held III aIr

SIllce anaerobic conditIOn may be generated Illslde MAP packages at 20°C and cause accelelated

spoIlage

20~
c:::J AJr
_MAP

U
0-Q)...
::s 10....
~
Q)
a.
E
Q)
I-

0

Shelf-life (Days) 0 2 4 6 8 10 12

General effects oftemperatll.re and/or MAP on the shelfhfe ofprodule

Low O2 «5%) and elevated CO2 (>5%) WIll also signIficantly mlllbit of the effects of the plant

hormone ethylene, which promotes tissue <;enescence Wowldmg plant tIssue dunng harvestmg
-

operatIOns by cuttmg shcmg or bnllsmg ''''111 lead to production of ethylene almost nnmedJateh

and promote tissue bleakdoWll RapId estabhshment of a low 0_ and elevated CO2 envIronment

Wlthm a MAP of produce WIll reduce the effects of ethylene Numerous mdustnal attempts ha\ e

been made to mcorporate ethylene absorbmg matenals mto fle'\.lbk packagmg films WIth the hope

of "Igmficantly eXiendmg the shelf-lIfe offiults and vegetabL<:; TI.Js strategy IS redlmdant smce

low O2 al'd elevated CO2 enVIronments Wlthm MAP already slgll111ldntly dlmullsh the productIon

and effects of ethylene
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Elevated COz (> IO%COz) environments wlthm MAP bnng an additIOnal benefit of bemg

fungistatIc and are commercIally used 111 the strawberry mdustry to reduce the growth ofBOllyliS

cmerea A properly deSIgned MAP \\hen used m combmatIOn WIth low temperature storage,

delays spoIlage offluitS and vegetables by sloWlllg the natural processes that lead to tIssue death

and decay by food spOilage ITIlcroorgal1ll;ms Reducmg the rapId senescence rate offn1lt products

VIa the use of MAP IS not particularly effectIve unless the flult are harvested befOi e npenmg has

begun TIus IS because many of the phvslOlogical changes assocIated WIth flult npenmg are not

effected by reduced 0, andlOi elevated CO atmospheres once genetIcalh regulated npenmg

events have been mitIated

SpecIal food safety precautIOns must be consIdered when produce wruch IS not aCIdic (pH >4 6)

IS packaged m MAP In partIcular products such as mushrooms should never utthze MAP smce

at a pH of less than 46 and m very low O2 envrronments «2%) ClostridIUm botlmlllum may

germmate and produce ItS deadly toxm

ModIfied Atmosphere Packagmg of Strawbemes

A smgle pallet load ofstrawbemes can be sealed Wlthm a shroud of 5 mI1 polyethylene bag and a

plastIC sheet on the pallet base usmg WIde tape A slIght vacuum can be mtroduced and 15% CO2

added to the arr mtroduced VIa a small hose
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DETERMINATION OF THE MOST BENEFICIAL ATMOSPHERE

The optlllmm atmosphere for extendmg the shelf-lIfe of a gIVen commodIty IS detennllled by the

phySlOlogy of that commodIty, ItS matunty, the condItions under whIch It IS grown and the

expected storage temperature AppendIX C contallls tables hstlllg the optnnal storage

atmospheres for fresh vegetables, fresh fruIts and fresh-cut produce (Chapter 12 prOVIdes

detailed mformatlon on preparatIOn and postharvest handhng of fresh-cut produce) These tables

should be used as a startrng POlllt and guIde from whIch to begm desIgn of a MAP for any gIVen

plOduct InformatIon IS lllcluded only for produce that IS known to benefit sIgmficantly from the

use ofMAP

MAP DESIGN

Once It IS determmed what atmosphere IS appropnate for the commodtty you want to package,

some snnple calculatIOns can help you determme what type of film to use to attalll such an

atmosphere

The Important vanables In MAP deSign are

Product Mass (Weight)

Product Respiration Rate

Film Area

Film Thickness

DeSired O2 and or CO2 concentrations

Film Oxygen Transmission Rate (OTR) or

CO2 TransmiSSion Rate (C02TR)

The unknown vanable IS usually film OTR or C02TR. FIlm OTR and C02TR are mherent

propertIes ofa fleXible film and It Will detennllle what fleXIble packagmg matenal you need to use

to achIeve the desned atmosphere Once film OTR and CO2TR are determmed then an

appropnate film may be selected With some confidence III ItS abIlIty to delIVer the desrred O2 and

CO2 concentratIons WIthlll the package for that commodtty Another Important vanable to know
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IS commodIty resplfatIOn rate The reSpIratIOn rates of most commodItIes at vanous

temperatures can be found lU USDA Handbook 66 The Commercial Storage of F,Ufts,

Vegetables and FloY/st and NlIlserv Stocks

MAP Example

You VV1sh to package 2 kg of produce v.A1lch has a respiration rate of 5 (mL 02 I kg I h) and you VV111 use

a package that IS 1 mil thick and has an area or 1800 cm2 v.A1at frlm OTR VV111 you select to get an

atmosphere of 5% 02 Jnslde the package?

1 (mil)

1800

Important Vanables

wt (kg)

Respiration Rate

Film Thickness

Area (cm2)

Desired

Intemal 02 (%) 005 =5%

2

5 (mL 0lkglh)

Length (cm)xWidth (cm)xPackage Sides

30 x 30 x 2

Extemal 02 (%) 021 = 21% Air

OTR (CC/mll/cm2/Hr) =(2 kg) x (5 ml O/kg/Hr) x (1 mil)

(1800 cm2) x (0 21- 05)

OTR (CC/mll/cm2/Hr) 0 03472

Film OTR values may be reported by manufacturers In vanous units

To convert OTR (CC/mll/cm2/Hr) to OTR (cc/100 Jn2/day) multiply by 1548384

OTR (cc/100 m 2/day) = 003472 X 15483 84 = 538

Changlllg any of the key vanables such as the amount of produce you put lUto the package, film

thIckness or product resprratton rate will effect the eqUIlIbnum atmosphere lllsIde the package and

It will result 111 less than optImal MAP condItIons A stmtlar calculatIon can be done to determllle
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the CO2 transmISSIOn rate (C02TR) needed to attaIn the target CO2 concentratIOn WIthIn cl

package Once the target OTR and CO2TR have been determIned, the ratIO of CO2TR / OTR

can be ca1cluated Most plastIc polymenc films have a ratIO greater than one, WIth low denSIty

polyethylene (LDPE) havmg a ratIO of 3 wIllIe arr has a ratIO of 08 Each packagmg film will

have a dtfferent ratIO dependmg on the resm or reSInS used to manufacture the film Once the

target 1atlO has been calculated an appropnate film can be selected based on the physIcal

propeI11es of that film Ask film manufacturers III your locale regardmg what packagmg

matenals are available

FILM SELECTION

There are numerous matenals that may be used for produce packagmg It IS best to speak WIth

film manufacturers, often called converters, about your specIfic needs FIlm manufacturers

should be able to tell-you what matenals they are cunently usmg and what the OTR and CO2TR

are for any gIven :film that they currently manufacture

The OTR and CO2TR of a film is regulated by the chOice ofmatenals used m :film manufactuflllg

and film thtckness Low denSIty polyethylene (LDPE) has been the matenal ofchOice for fleXible

packagmg ofproduce for many yeai S due to ItS low cost and relatively htgh OTR Recently film

trnprovements such as lmear low denSIty polyethylene (LLDPE) and ultra low denSIty

polyethylene (ULDPE) have appeared These new matenals were deSIgned to gIve film

converters the ability to manufacture films WIth greatel conSIstency m film densIty and hence gIVe

better control of:film OTR The newest generatlOn of PE reSInS to come mto use m ploduce

pack.agIng are based on mettalocene technology Mettalocene films have reduced vanatlOn In

polymer cham length so that better control of film denSIty and are avaIlable from Exxon (under

the trade name Exact®) and Dow (Affimty®) Mettalocenes OTR are achteved by USIng these

reSInS These polymers also have supenor clanty and create a hIgh qualIty seal

Another InnovatIve applOach to handlmg Illgh IespllatlOn rate commodItIeS which demand a Illgh

OTR film IS to use mIclOpelforated films MiclOperfOiated films contam tIny holes whIch go
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straight through the film TIle atmosphere Itlslde the package IS detennmed by the total surface

area of the holes on the package surface TIle dlfficultv WIth manufactunng such films IS m how

to consistently get the nght number and diameter of holes per square centImeter mto the film.

Currently mlcloperforatlOns are placed 111 pla<;tlc films bv mechamca] means, sparks or by laser

James River lecently mttOduced a new hne of micro perforated films WIth the trade name P

Plus® TIlese films aBo\'\. for the development of an elevated carbon dioxIde envllonment whIle

mamtammg moderate oxygen levels Mlcroperforated films also mamtam lugh relatIve hunudlty

levels and are very effectIve III pro]ongmg the shelf hfe of commodIties such chemes and plums

which are espeCially sensItIve to water loss and decay Macroperforated m films are packages

Wlth larger holes approumately the SIze ofpm holes TIlese type ofpackages are an excellent way

to control water loss and 110t sIgmficantly alter Oz or COz concentratIOns WIthIn a package

MJ.croporous membranes can also be used ill conJUllctIOn WIth fleXIble films, and the best example

of tills technology IS the FreshHo]d® patch The 1llIcroporous membrane IS placed over an

oxygen unpermeab]e film WIth a large hole All gas exchange m the package then occurs through

the lll1croporous membrane The membrane has very small pores of whIch are made by

illcorporalmg calcmm carbonate or silica mto the membrane durmg the manufacturmg process

The lll1cropores are not ahgned and gases must ddfuse mto the matnx of the membrane, where

they may ddfuse qUlckly across the small pores The OTR ofthe membrane patch can be changed

by a]tenng ItS gauge or by altermg the SlZe and number of mlCropores present Mtcropore

technology IS very effectIVe m creatmg atmospheres elevated m carbon dIOXIde and moderate m

oxygen concentratIOn

The MAP Patch Gas dIffuSIon
WIndow

Other Important film properties

which should be considered are

Pnntability

Sealability

Clanty

Cost

Strength

IItt III il~J nil! J t U~ Il~
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New .md Emergmg MAP Technologies

Currently packagmg sy<>tems are not responSIve to changes III the enVIronment m whIch a package

finds Itself A new type ofpackagmg IS on the honzon called actIve packagmg ActIve packagmg

mamta111s product safety and quahty by adJustmg to vanous handhng and dIstnbutIOn condItIOns

An excellent example of actIve packagmg IS a new class of membranes whIch create modIfied

atmospheres WItlun packages and assme that the product Will not use up all the oxygen m the

package and become anaeiobIc, even If temperature IS not well mamntamed These membranes

developed and patented by Landec CorpOIatIOn of Menlo Park, CA, are called Intelhmers® or

smart films Commonly used films have a preset OTR, and If a product IS temperature abused,

then oxygen w1thm the package IS consumed fastel than It can ~ermeate m ThIs leads to offflavOl

and odol development, as well as an Illcreased nsk of food borne illness due to toxm productIOn

by anaerobIC mICrobes Landecs' Intelhmer® can be manufactured With a preset temperature

sWItch whIch mcreases gas permeability (OTR) of the membrane by one thousand fold when

temperatures nse above the set temperature lmnt, thus aVOIdmg anaerobIosIS

Another mnovatlVe area under actIve development IS mcorporatIOn of antlilllcrobial compounds

mto filins and packagmg matenals The Idea IS to have films or packagmg matenals that Will play

an actIve role 111 reducmg the growth of lDlcrobes that cause spOIlage and foodborne illness In

Japan, the MttsubiSm CorporatIon IS currently marketmg a Zeohte fihn that has been uemonstiated

to sIgm:ficantly reduce miclObial populatI011s on contact However, a number of hmdles eXIst

whIch Impede the long-term success oftms technology, such as the fact that the :film will only be
J

effectIve where It actually touches the food product Also regulatory and food safety Issues eXIst

Iegardmg the ImgratI011 ofthese antimIcrobIal compounds mto the foodstuff

Many commodItIes ale phYSIOlogIcally damaged \\then they ate exposed to elevated levels of

carbon dIO'\.Ide or ethylene TraditIOnally ethylene and carbon dIo'\.lde absorbers have been

mcorporated mto packagmg systems as a sachet Cun ently thel e IS an effort to safely 111corp 01 ate

ethylene and carbon dIO'\.Ide absOI bers dn ectly mto boxes packIng trays and films to protect

produ<..t~ fiom phySIOlogIcal disOldels dunng dIstnbution and handhng An e'\.ample IS a product

called Peak Fresh® WhICh IS a PE film llnpIegllated WIth ffilneial partIcles With the reponed abIhty
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to adsorb ethylene We must cautIOn you If you are Interested m trymg these products smce

testIng by Independent laboratones has not yet substantIated these clallns

Addresses of Various MAP FIlm or Resin Manufacturers

Cryovac 100 Rogers Bridge Road Duncan SC 29334 USA

Dow Chet11lcal Co (AffinttY®) 2020 Dow Center Mtdland MI 48674 USA

Exxon Chemical Co (Exact®) Box 3272 Houston TX 77253 USA

Fresh Western Marketmg (FreshHold®) Salinas C A. 93902 USA

James RlVer CorporatIOn (P-Plus®) 2101 Wtlllams St San Leandro CA 94577 USA

Landec CorporatIOn (lntell1mers®) 3603 Haven Ave Menlo Park CA 92045 USA

Mttsublslu Gas Chem )-2 Marunoucht 2 Chorne Chtyoda-Kutoyko 100 JAPAN

COMPARISON OF ESTIMATED COSTS AND EXPECTED BENEFITS RELATED TO
IMPROVED PACKING AND PACKAGING OF HORTICULTURAL PRODUCE

Costs and Benefits of usmg PlastIc Crates to handle HortIcultural Produce

Costs
Contamers
Matenals (lmers, trays)
Tramed labor

Benefits
Reduced losses due to less crushmg and lower produce damage, water loss and weIght loss
HIgher value paId for hIghel quabty packaged produce

Example Plastic reusable contamers With disposable cardboard lIners are used fOi
transport and dIsplay dunng du ect marketmg III the westel11 U S You have reduced postharvest
losses due to lowel rate ofcompreSSIOn damage (fewer faIled packages) compared to typIcal
losses of 10% Ifyou handle 1000 lbs ofproduce at an average value of$O 95 per lb, you WIll
have 50 addItIOnallbs ofproduce to market Ifthe crates reduce postharvest losses to 5%
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Costs
$15 00 per crdte, mltlal purchase of40 crates = $600
Lmers cost $0 25 each (40 used per 1000 Ibs ofproduce packed 25 Ibs/crate) = $10 00
Current cost ofmexpenslve fibelboald packages ($1 00 each) = $40 00
Labor cost $7 00 per hOUl, 2 hours to pack 40 crates = $14 00 (same for eIther packmg
contamer)
Total recurnng costs for dIsposable lmers = $10

Benefits
50 lbs x $0 95 = $47 50 111 addItIOnal plOduce marketed per load
Savmgs of$40 per load 111 fiberboard cartons
Total = $87 50

Return on mvestment
Benefits - recurrmg costs = $87 50 - 10 = $77 50 profit per load
The cost of$600 for plastIc crates IS recovered With the first 8 loads, after wInch you will have
an addItIOnal profit of of$77 50 per load Ifyou also have the benefit of Improved quahty due
to the mvestment m unproved packagmg, profits will be even htgher smcc the market value of
the produce will mCI ease

Example 2 PlastIc reusable contamers With disposable cardboard lIners are used for
transport and dIsplay dunng drrect marketmg ofvegetable crops m Pml]ab You have reduced
postharvest losses due to lower rate ofcompreSSIon damage (fewer failed packages) compared
to typIcal losses of20% Ifyou handle 1000 kg ofproduce at an average value ofRs 25/kg you
will have 100 addItIOnal kgs ofproduce to market Ifthe crates reduce posthalvest losses to 10%

Costs
Rs 200 per crate, 1111tlal purchase of67 crates = Rs 13 300
Lmers cost Rs 10 each (67 used per 1000 lbs ofproduce packed IS kg/crate) = Rs 670 per load
Current cost of67 mexpenslve sacks each holdmg IS kg (Rs 2 each) = Rs 134
Labor cost Rs SO/day, 4 hours to pack 67 crates = Rs 40 (same for eIther packmg contamer)
Total recurnng costs for dIsposable bners = Rs 670

Benefits
100 kg x Rs25 = Rs 2500 10 addItIOnal produce mal keted pel load
Sa\ mgs of Rs 134 per load m cost of sacks
Total = Rs 2634

Retum on mvestment Benefits - recumng costs = Rs 2634 - Rs 670 = R<; 1964 profit per load
The cost of Rs 13,300 f01 plastIC crates IS recovered WIth the first 7 loads after whIch you WIll
have an addItIonal profit ofofRs 1964 per load Government SubSIdIes on purchased crates may
I educe the cost by 50%, makmg It pOSSIble to recover your mvestment m only 4 loads If you
also have the benefit of Improved quahty due to the mvestment III llnprO\ ed packagmg, profits
WIll be even l1lgher Slllce the market value of the produce WIll mcrease
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bagging equIpment

bag sealers

bags paper

bags plastIC

bags net

boxes--berry boxes

--cardboard/fiberboard

--cucUl11bers tomatoes

boxes
--WIrebound

brocolh buncher

ethylene absorber sachets

fruIt protector trays

msulated pallet covers

pads/foam paper

polyethylene pallet covers

reusable plastic contamers

scales

Chmook Packagmg EqUIpment
Thomas E Moore Inc

Seal-o-Matlc
1110mas E Moore Inc

Rockford Package Supply Inc
PacIfic 4/Ranch Brand Supply Co

Adelman-FIsher PackagIng
Rockford Package Supply Inc
Northwest Int'( EqUIpment Co
Rockford Package Supply Inc

PacIfic States Box and Basket

Adelman-FIsher PackagIng
Independence Box Co
Inland Contamer
Rockford Package Supply, Inc

Hydro-Gardens Inc

Dyer FruIt Box Mfg Co
Elberta Crate and Box Co
Frankhn Crates Inc
Growers Contamers Coop Inc

Market Farm Implement

Ethylene Control Inc
InternatIOnal Rtperung Corp

Rockford Package Supply Inc

InternatIOnal Rlpenmg Corp
ThermaGard lnc

Rockford Package Supply Inc

Internat10nal Rtperung Corp

Buckhorn

Orchard EqUIpment and Supply Co
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shnnk wrap eqUIpment

staplers

tapes, tape dispensers
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Seal-o-Matlc

Rockford Package Supply Co
Seal-o-Matlc
Hydro-Gardens Inc

Market Fann Implement
Rockford Package Supply Co
Seal-o-Matlc

Rockford Package Supply Co
Seal-o-Matlc
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For addresses and phonelFAX numbers refer to AppendIx D
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TEMPERATURE AND
RELATIVE HUMIDITY CONTROL

Temperature and relatIVe hUillldity management are sometlIDes referred to as "Mamtammg the

Cold Cham" durmg postharvest handlmg and marketmg Produce should always be cooled as

soon as pOSSible after harvest Ifyou want to protect quahty and extend shelfhfe Fresh fruits and

vegetables are hvrng tissues separated from the parent plant, whIch supphed them With water Via

transprratIOn Once harvested, produEe gams heat through resprratIon and conductIOn from the

surroundmg envrronment For the hIghly penshable commodity strawbemes, each one hour

delay ill coolmg results m a 10% mcrease 10 decay Produce exposed to the sun after harvest

gams an enormous amount ofheat and will have reduced shelfhfe Tomatoes left m the sun for

one hour after harvest will be at least 15°C (25 OF) hotter than fruIt held m the shade And

produce left at ambient, dry condItions will lose mOisture up to 100 tlIDes faster than proc1uce

that IS moved mto a cold room (FAO, 1986)

Coolmg mvolves heat transfer from produce

to a coohng medmm such as a source of

refrIgeratIOn Heat transfer processes mclude

conductIOn, convectlOn, radlatlOn and

evaporatIOn If a ready supply of electnclty

IS available, mechalllcallefugeration systems

proVide the most relIable source ofcold One

"I
-a-SUN

/ I '

Area In shado.... keeping wall cool
and aIding worklng condlllons
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ton ofrefrIgeratIOn capaCIty reqmres about I horsepower ofcompressor capaCIty Fans use about

33% ofthe energy requned for coolIng, so don't 11151all fans that are any larger than necessary

TIllS chapter descnbes tIadltIOnal coolIng technologIes mcludmg room coolIng, forced-au coolmg,

evaporatIve coolmg and hydro-coollllg When electllcIty IS unavaIlable 01 too expenSIve, a

vallety of slIDple methods eXlst for coolmg produce Some examples of alternatIve coohng

systems mclude rught aIr ventuatIOn, radIant coolmg, the use ofIce and underground (root cellars,

field clamps, caves) 01 hIgh altItude storage Control of relative hUlllldlty IS an Important part of

temperature management, as the two combme to reduce water loss and protect produce qualIty

The chapter mc1udes some examples that will help you to determme the costs and benefits

assocIated With temperature and RH management technologIes for hortIcultural produce, dud help

you deCIde whIch coolIng methcd(s) wJ1 be most profitable for your operation

FRESH
LOOKING
PRODUCE

NUTRITIOUS I

PRODUCE
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CHAPTER 6 TEMPERATURE AND RELATIVE HUMIDITY CONTROL

GENERAL DOs AND DON'Ts
for MANAGING TEMPERATURE AND RELATIVE HUMIDITY

Cool produce as soon as possible after harvest

Page 63

Cool uSing appropnate methods for each commodity (conSider water tolerance time
required to reach 7/8ths cooling susceptibility to dessication)

Shade should be provided over harvested produce, packing areas, for bUildings used
for cooling and storage and for transport vehicles

Trees are a fine source of shade and can reduce ambient temperatures around
packinghouses and storage areas

Light colors on bUildings Will reflect light (and heat) and reduce heat load Design
bUildings with overhangs on the sunny Side to prOVide shade

High pressure sodium lights In packing and cooling facIlities Will produce less heat
and use less energy than Incandescent bulbs

The best method to reduce water loss IS to Increase RH by redUCing temperature

Wet the floor of storage rooms to Increase the RH inside the room (Do NOT do thiS
when stonng onions or garlic)

Use proper containers, SUited to the method used for cooling (waxed cartons or
wooden boxes for hydro-cooling or ICing, boxes with alllgned Side vents for forced air
cooling)

ConSider uSing forced-air coolers inside a cold room to speed cooling and decrease
water loss and decay rate

MOnitor hydro-cooler water quality, clean and sanitize the cooler each day before
use

Do NOT hydro-cool apncots or fresh herbs since these crops are eaSily damaged

Cool before loading produce Into refngerated trucks (these trailers are deSigned only
to maintain cool temperatures)

Use high quality Insulation In coolers, storage rooms and transport vehicles to reduce
Incoming environmental heat load

PART I FRESH HANDLING TECHNOLOGIES FOR HORTICULTURAL PRODUCE



CHAPTER 6 TEMPERATURE AND RELATIVE HUMIDITY CONTROL Page 64

Dos and Don'ts continued

Mist water-tolerant vegetables dunng handling, storage and marketing to decrease
the rate of water loss

Be careful when uSing specialty packaging since these are even more sensItive to
temperature abuse
• S02 pads Increased rate of S02 release damages table grapes
• MAPcan become out of control faster Increase In CO2 and rapid decrease In O2

damages produce

TEMPERATURE MAt"'fAGEMENT

Dunng the penod between halVest and consumptIOn, temperature control has been found to be

the most lll1portant factor ill mamtammg product quahty Keepmg fruIts cool will slow down the

changes assocIated With npenmg, and gIVe you more tlll1e to market your produce Generally,

for each hour of delay between harvest and coolIng, one day of shelf lIfe IS lost (Cantwell,

1998) For hIghly penshable crops lIke 'Shasta' strawbemes, the percentage of marketable :fruIt

decreases rapIdly as the tlll1e after halVest at ambIent temperature illcreases StudIes at DC DavIs

have shown that With a 4 hour delay ill coohng from 30°C (86 OF) about 70% ofthe strawberry

crop IS marketable, whIle With an 8 hour delay ill coohng, only 40% ofthe crop IS marketable

The temperature at wInch you handle produce will drrectly effect how long yoU have to get the

plOduce to market Asparagus has a five day shelfhfe when handled at 20°C (68 OF), compared

to almost one month when handled at 3 °C (37 OF) When you delay coohng asparagus, the

Effect of temperature on npenlng rates of mature-green, breaker, turning and pink
tomatoes of standard vanetles (from Suslowand Cantwell 1997)

Days to full red color at the indicated temperatures
13 C 15 C 18 C 20 C 22 C 25 C
~F ~F MF ~F nF nF

•
7
5
3
2

8
6
4
3

10
8
6
4

12
10
8
6

15
13
10

8

18
16
13
10

Matunty Stage
Mature green
Breaker
Turning
Pink

"1'[
'-:wc,;-:":--<J""'"\:""-',.--------------..,..----~-...."...-.,__._.,.-----...'iTrnluIUll""";'.,.., m;JI\!;:;:'hjh"""",","ltH~';'l;1\!Ilrni'"'111-mIl i
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spears WIll toughen and quahty WIll decrease TIle effect oftempel ature on tomato npenmg rates

IS descnbed below Handhng fiultS at even hIgher summer temperatures WIll further speed the rate

ofnpenmg

Temperature also has a direct effect on the rate of decay development Sommer (1992) descnbed

the development of decay symptoms on peaches when they were mfected wIth brOWI) rot

(MOllo/zilla

fluctlcola) When

peaches weI e

cooled lIllmedIately

after harvest 3

days after removal

from cold storage

decay lesIOns were

less than 2mm

WIde Any delay m

coolmg greatly

Ulcreased the

spread ofdecay

LeSion size 3 days after removal from
storage With a 36 hour delay In cooling

LeSIOn size after storage With a 24
hour delay In coolmg after harvestIng

LeSion size after storage With no
delay III cooling (barely vIsible)

Effect of delays m coolmg on the development of Brown Rot
symptoms m peaches Peaches were held at 20°C for 0,24 or 36
hours before bemg stored at 0 °C (Adapted from Sommer, 1992)

When coolmg hortIcultural produce, vanous methods are compared to detenrune how long It WIll

take for produce to reach 7/8th of ItS final temperature Each method IS sUIted to specIfic

commodItIes, based upon theIr tolerance of dIrect contact WIth water and theIr susceptIbility to

water loss dunng coolmg In general, room coolmg of packaged produce IS the slowest method

whde forced-aIr coohng IS much faster smce produce comes mto dIrect contact WIth cold air as It

IS pulled through packages FOl produce that tolerates water contact hydro-coolmg IS a good

chOIce slIlce It IS the fastest coohng method, as Ice water can carry away more heat than cold air

dunng the same tnne penod of contact WIth produce

Once produce IS cooled keepmg hortIcultural products at then lowest safe temperature (0 °C 01

32 or for temperate crop" 01 10-12 °C or 50-54 OF for chIilmg senSItive crops) WIll mClease

storage hfe by lowerIng I C'>pll at10n rate decreasmg senSItIVIty to ethylene and reducmg watcr
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ROOM
COOLING

potatoes
apples
onions
citrus
wmter squash

lo~s An me'qJenSIVe temperature probe can be used to momtor temperature dunng postha'vest

handhllg :,torage and I1mketmg Chapter 7 focuses on storage practlces and AppendIx B hsts

~pecIf1c temperature and RH Iecommendatlons for a WIde selectIon of commodItIes

COOLING METHODS

Room Coohng

Room coolIng IS a relatIVely low cost but very slow method of coolmg when electnClty for

rnechamcall efngeratlon IS available When usmg 100m coolmg, produce IS S1lllply loaded mto a

cold 100m and cold an IS allowed to cllculate among the cartons, sacks, bms or bulk load 11us

coolIng method IS best suIted to less penshable commodItIes such as potatoes, omons, apples and

CItruS fruIts, smce htghly penshable crops will detenorate too much before bemg adequately

cooled Room coolmg may be all you need IT you handle chtllmg senSItIVe crops that need to be

cooled from emly mornmg harvest temperatures to storage

temperatures of 10 to 13 °C (50-55 OF) The deSIgn and operatIOn

of cold rooms are farrly slillple and no speCIal eqmpment IS

requrred

, It IS 1lllportant to leave adequate space between stacks of boxes

illside the refrigeuted room ill order for produce to cool mOle

, qUIckly About I mch (2 5 cm) IS suffiCIent to allow cold arr to

crrculate around mdIVldual boxes Produce m vented boxes will

1-- ----1', cool much faster then produce packed m unvented contamers In

many small-scale cold rooms, produce has been loaded mto the room so tIghtly that room coolmg

cannot take place at all, and despIte the lugh cost ofnmlUng the refngeratIOn system, the plOduce

temperatUl e never decreases to Iecommended levels

Stacks ofproduce mSIde the cold room should be nalTOW, about one pallet WIdth III depth (two OJ

tIll ee carton,» Fans should be mstalled to move the cold aIr throughout the room An cllculatmg

thIOugh the 100m passes over surfaces and thlOugh any open space, so coolIng fi om the outSIde

to the centel ofthe stacks IS mostly by conductIon You'll want to morutor the temperature of the

produce WIthm the packages at vanous locatIOns III the 100m to determme that the produce IS

bemg cool as desned Rearrange the stacks and measure the rate ofcoolmg untIl you find the nght

pattern for your cold room
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Low cost cold rooms can be constructed usmg concrete for floors

and polyurethane foam as msulatlon matenals Bmldmg the

storeroom m the shape of a cube will reduce the surface area per

umt volume of storage space, also reducmg constructIOn and

refrIgeratIon costs All Jomts should be carefully caulked and the

door should have a rubber seal around the edges Wlule coolmg

produce, the ventIlatIOn system should be set to create an aIr flow

rate of 100 dill/ton (5 l/sec/ton) Once coolIng IS completed, an
flow rates should be decreased to the lowest speed that wIll keep
produce cool (20 to 40 din/ton IS usually suffiCIent, accordmg to

Thompson et al 1998) The greater the refrIgerator's evaporator

COll area, the less of a temperature dIfference there will be

between the coIls and the target room temperatUl e, and the less

mOIsture will be lost from the product as It cools

Room cooling IS qUite
slow, and place-packed
produce typically
requires twice as long to
cool as tray-packed
produce

Example AnJou pears
(tUlddle of stack)

Place-packed T7/8= 45 days
Tray-packed17/8 = 21 days

Source
FaubIOn and Kader 1997

FOI complete plans on constructmg small-scale cold rooms, contact the Small Farm Center,

UllIVersIty ofCahforma, DaVIS CA 95616, and ask for the pubhcatlon entItled Small-Scale Cold

Roomsfor Perishable Commodltles by Thompson and Spmogho (1994)

Times" for 7/8th cooling for selected commodities uSing room cooling

Commodity Package type % vents Average Slowest time
to 7/8th cool

Apples v..uoden box bulk 2-3 days
v..uoden box packed 6-8 days

Artichoke corrugated contamer 24 hours

Grapes wooden lug solid stacked 30 hours

Pears 241blug 16 hours 20 hours
241blug wapped 30 hours 39 hours
telescoping containers
1 Inch space between 35% 16 hours 23 hours
no space between 5% 24 hours 40 hours

Plums corrugated Lontamer tight fill 281b
1 Inch space between 4% 22 hours
no space between no vents 84 hours

Oranges 24 mch deep bulk binS no Side vents 33 hours
30 Inch deep bulk binS no Side vents 45 hours

* Times are approximate and should be used only as gUides Carefully momtor produce temperature to detenUlne
actual rate of cooling for your operatIOn clImate eqUipment type and arrangement ofcontainers
Source Thompson et al (1998)
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Forced-An Coohng

Forced-aIr coobng pulls or pushes an thlough the vents m storage contamers, greatly c;;peedmg

the coobng rate of any type ofproduce (takmg 1/4 to 1110 of the tllne needed for room coohng)

Some cold room have pennanent forced-aIr coohng UnIts bUIlt mto a sIde wall A v,mety of

portable forced-au coolers have been desIgned for use by small-scale growers and handlers

I

II
I

,ll
I

II

Forced-air
Cooling

use mOist air
to decrease
water loss of
produce ':
,dUring cooling 1'1

Coohng tune depends on the au flow rate, the temperature

dIfference between the ploduce and the cold arr, and produce

dIameter Small produce such as bemes or chemes (about I" m

diameter) will cool almost 6 tlllles faster than 6" dIameter melons

The fan needs to be bIg enough to provIde an arrflow of about 1

cfinllb (1 hter/sec/kg) agamst a Wide range ofstatIc pressures You

may have to expefllllent a bIt With fan speed settmgs and aIr flow

Iates, smce statlc pressure will change dependmg upon the types of

contamers, WIdth of stacks, aIr spaces between contamers, SIZe and

shape of the cold room, and type of packagmg matenals (lmers or

wraps) used Doublmg the aIr flow will speed coolmg slIghtly but

cost a lot more because you would need a much larger and costber

fan (With 6 to 7 tunes more horsepower) Reducmg arr flow by one-half will mcrease coolmg

tune by about one hour for most commodItIes, and would dramatIcally reduce fan motor SIZe and

energy costs

To reduce coolmg tIme and assocIated costs, It helps to reduce the ll11tIal temperature of thtt

produce by harvestmg early III the day (when temperatures me cooler), and by keepmg produce

shaded dunng any delays III movmg It mto the cooler When stackmg boxes agalllst the cooler

stacks one box Wide will cool faster than boxes stacked two or three Wide

The produce closest to the cold forced-aIr Will cool faster than produce near the center of the

load Coohng tills center-placed produce WIll take about the same tnne as It takes for the centel

oflarge dIameter produce to come to the proper tempel ature You can measure the temperature

ofthe produce With an mexpenSIve temperature probe Make sure not to stop the coolmg process

before the warmest produce has reached the deslTed temperature
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TIle operatIOn of the fOIced-au coolel should be stopped as soon as the produce IS cooled

AddltlOnallugh speed aIr movement thI ough the cold produce wdl cause senous water loss unless

the au IS at nearly 100% RH (but very hIgh RH dunng forced-aIr coohng can add mOIsture to

packages and reduce theIr shength and durability) It IS better to closely momtor the forced-aIr

coole] and shut It off 01 remove produce as soon as It IS cooled

Tlmes* to 7/8th cooling for selected commodities uSing forced-air cooling

Commodity Type of package % vents Flow rate (cfm/lb) Average time

Artichoke Corrugated container 9% 1 0 4 hours
1 5 3 hours

Grapes FUll telescoping 58% 027 6 hours
04 4 hours
1 0 2 hours

Nectannes Corrugated container 6% 05 4 hours
V\IIth plastiC trays 08 3 hours
Bliss box 2 layers 5% 05 6 hours
V\IIth top pad 08 4 hours

Pears Corrugated container 2% 03 9 hours
1 2 3 hours

5% 04 6 hours
1 0 3 hours

Oranges Bulk binS slotted bottoms 04 6 hours
2-3 ft deep vertical airflow 10 3 hours

Strawbemes Open crates on pallets 05 4 hours
08 3 hours
14 2 hours

Tomatoes Corrugated container 10% 06 6 hours
1 1 4 hours
16 3 hours

* Tunes for forced-air coohng are approxImate and should be used only as gUIdes Carefully momtor produce
temperature to deternune actual rate of coohng for your operatIOn chmate eqUIpment type and arrangement of
conta1 ners

SOUlce llIOmpson JF etal(l998)
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Portable forced-air coolers

A p0l1abie fOl ced-alr coolel can be constructed usmg a canvas or polyethylene sheet TIle sheet

IS rolled over the top and down the back of the boxes to the floOl sealmg off the umt and fOl cmg

aIr to be pulled through the vents of the cartons stacked agamst the cooler The energy

leqmrements for runnmg the fan wIll be reduced If the vent area IS at least 4% of the surface area

ofthe carton Most good qualIty fiberboard contamers can be vented up to 5% Without slgl1lficant

loss of staclung strength

TIns umt IS desIgned to be used mSlde a

refrIgerated storage room Keepmg the

arr mSIde the cold room hUmIdIfied WIll

reduce water loss dunng forced-au

coohng A smgle Width of contamers

allows produce to cool as qmckly as

pOSSible m the forced-arr cooler Seltmg

the cooler up With two layers of

contamers With alhgned vents will slow

coolmg conSiderably

T,me Clock Conlrol
of Fan 10 Prevenl

Ptywood Plenum for AI( DIStribution Unnecessary Operation

Properly SIZed Fan

Sourte RtJ R el a1 1979

These illustrations show a portable tunnel type forced-arr cooler eqmpped With a fan to pull aIr

from a cold room through the boxed produce The first illustration shows the cooler m ItS empty

state, With the canvas cover extended (It should be rolled up for storage when not m use) The fan

IS housed mSIde the box on the base of the cooler The second illustratIOn shows the cartons of

produce set up m a row 011 each SIde of the cooler for forced-arr coolmg
/

"-
)'

.. ,
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Ifyou ale usmg two forced-air coolers ill the same cold room, It IS Important to separate them

(usmg a screen or temporary wall) so that the wanner produce ill a recently loaded cooler does

not slow down coohng m the other cooler

00
wall or~ I ~ortable
heavy forced air
screen coolers

wall or
heavy
screen

/ 1
Cold wall type
forced air
coolers

Cold room Cold room

VENTED CONTAINER DESIGNED FOR FORCED-AIR COOLING
• aVOid round vents (they can eaSily be blocked)
• make vents 1 cm (1/2 Inch) Wide or larger
• keep vents 4 to 7 cm (2 to 3 Inches) from all corners
• vents should be about 5% of the Side area
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EvaporatIve CoolIng

EvapOlatlve coolers (also known as desert coolers) can be constructed to cool the all 111 an entire

storage StructUi e 01 Just to speed coolmg m a few contamers of produce ll1ese cooiel s al e onlv

~ultable for lowel hUIllldlty legIOns ofthe world 01 dunng dry sea,>ons <:;mce the degree ofcoohng

IS lumted to I to 2 °C (2 to 4 OF) above the wet-bulb temperature

A£R
IN

________ \\ aler IS

collec(ed
and
, ClrcuhtLd

/ v,atu

/M01>l
/ porou,

pad

EvaporatIve forced-aIr cooler

(al1\ a< sheet

000

000
000

Air out allcr pa'>II1f
through prndu~~

L1 0 0

Room SIzed umt

An evaporatIve cooler can be combmed

With a forced au cooler for speedmg

the coolmg of small lots of produce m

dry regIOns ofthe world EvaporatIve

forced-au coolers are especially

SUItable for coolmg produce that IS very

senSItIVe to mOisture loss In the

example prOVIded hel e, a small-scale

evaporative cooler uses about 4 L (0 5

gallon) of water per lU111ute dnpped

onto a one square meter (8 square foot)

pad, provldmg enough mOIst all to cool

up to 18 crates of pi oduce III I to 2

hoUl <:; Watel IS collected 111 a tl elY at

the ba"e of the Ulllt and recIrculated

Cvaporatl\ e coolel s contam a Loolmg pad of wood fibel or stra\\ mOIstened wIth watel Air I~

pulled thl ough the pad uSll1g a fan and the cooled mOI,>t move" tIll ough produce caln'lng dway

the heat It contams

Source Tnompson and

Scheuerman 1993
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I hL 10\\ Lo"t loohng chambel <; IlIu<;trated belo\\ are con<;tructed from brIcks fhe C3\ It\

between the walls 1<; filled WIth sand and the bnd..~ and sand are kept <;aturated WIth water FruIts

and vLgetables are loaded mto plastIc crates and put IIlsIde for "torage Dunng the hot summer

months ll1 India tillS chamber IS repOited to mallltalll an It1slde temperature between 15 and 18°C

(59 and 65 OF) and a relatIve humIdity of about 95% PAU has a workmg model of tillS cooler

at the Department of Agncultural Strulture~

Improved zcro-enelgy cool chamber

thL entire redangular chambel I~ CO\ el ed

\\lth a ru~h mat \\ Illch IS also kept mOIst

Source Ro\ S l'- 1989

,0S -d-->
I
I

fwo I.)crs of
bn~~< or bloc~, r~h,";t f.n

Larger round storage structure

The same methods were used to

evapol atIve-cooled storage

structure Smce a relatively

lalge amount of matenals ale

leqlllred to construct tIllS

structlll e It may be

econoITIlcally feasIble only

when handlmg 111gh value

plOducts
SI.l
floor

o

I '\LI of
mOIst ".nd

~~~~
largerthIsconstruct
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Hydro-Cooling

Even fastel than forced-aIr coolIng IS hvdro-coohng where water-tolerant produce IS elthel

nmnersed Ot showered wIth ICy cold water Several deSIgns for hydro-coolers are used by small

scale handlers known as eIther batch-type or contmuous-flow type systems Immel slon hydro

coolers usualh take longel to cool produce than shower tyPe coolers and are mostly used for bulk

plOduce of d denslt\ gl eatel than \\ ater ("'0 It \\ on't float) such as chemes One of the benefits ot

llS1I1g hydlO-coolel S IS that the\ Lall be ea~lh 1I1tegI ated 1I1tO YOul packmg opel attons and become

a step WItllln a snnple packmg Ime

IHydro-Cooling

radishes
chernes
peaches
sweet corn
root crops
celery
mangoesHydlO-coohng Iequlles a lot of power, Slice the water temperature

must be kept very cold (WIth Ice or mechalllcal refrIgeratIOn) The

Iefngel atlOn capaCIty you will need depends upon the amount of

produce you mtend to cool per hour the licommg temperature of the produce, and the external

heat the hydro-cooler will have to deal \\11th LIttle mformatIOn IS avaIlable for small-scale users,

but If you want to cool 1000 Ibs ofplOduce per hoUl, you wIll need about 0 4 ton ofrefrIgeratIon

capaCIty fOt a 11°C (20 OF) temperature drop, 08 ton for a 24°C (45 OF) tempelature drop, or 1 5

tons fOt a 39°C (70 OF) temperature drop (The converSIon for changmg tons of refrIgeratIOn

capaCIty to kIlowatts of Iefhgel atIOn capaCIty IS tons A3 52 = kW) A hydlo-coolel mstalled m a

cold 100m WIll Iequlle about 30% less Iefi1gelatIOn capaCIty than an un1l1sulated coolel 1I1stalled

outdoOt s (Thompson, 1995)

PI oduce to be hvdlo-cooled can be Spl ead out m a smgle or multIple

layel s, left m open field bms or be packed III \ ented plastIC or \\-ooden

boxes Contamel s need to be vented on the top to allow water to flow

111to the contamel and around the produce WaAed cartons can be

used, but these are expenSIve and wIll sometImes fau when exposed to

long hydlo-coohng ttmes Always SOtt befm e coohng so you won't

waste money by coohng culls

CommercIal hydlO-coolel s delIver watel at a rate of about 10 to 15 gallons per square foot pel

m1l1ute (400-600 Llsquate metel/mmute) A lowel flow late WIll be suffiCIent If you ate coolIng a

smgle layel of bulk plOduce while double thiS late may be neceSSdlY If you stack bOAes Ot billS 2
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01 3 l11gh 111 a batch-type coolci If <;tackmg boxes, make sure vents ale alhgned or the bottom

1,lyCI of pi odu("(,, will 1I0t hL Looled I hL watci must Iun down and mto the cont,unel S,

"lI! Ioundmg the pI oduce wHh constalltly movlI1g cold water

WhLII u~lIlg <1 h, dl o-Loolu" 'OU IllU"t p<1Y <1ttcntlOlI to the Iate of coohng, which wIll depend on

I1KOllll11g plOdu("L tLll1pLI ,\lUI L \V,lt U tLmpLI ,ltm e flow Iate ofwatel and the type of contaJ11eI S

used If any Begll1 by lei klllg tell1pu ,Itll! e ll1eaSlI! ements (via tempe13tme probe), then you can

adjust the Iate of plOdulC flow IOI cOlltllluous-flow type OI the tune you leave contamers lllsIde a

batch-type hvdIO-coolu" ~1l1,11l dl,lllletci ploduLC such as aspatagus and ladlshes WIll typically

be cooled 111 le'>s than 10 1l1l1lUtL" ll1uhull1 sIzed plOduce such as peaches and apples WIll take

about 20-25 mll1utcs willie I,ll gL dl<1metel plOduce ,>uch as melons can take one hom

Times" for 7/8ths cooling of selected commodities uSing hydro-cooling

Commodity Package type Hydro-cooler type Flow rate Average time

Asparagus none (bunches) ImmerSIOn 6 minutes

Peache~ 47 Inch square bin,) Shower 150 gpm/bln
24 Inches deep free draining 30 minutes

o 1-lnch holes alloVvlng bin to fill 24 minutes

Pears open lug Shower 4 gpmlft2 42 minutes

Sweet corn Vvlrebound crates ImmerSion
no agitation 46-84 minutes
plus agitation 28 minutes

Shower 5 gpmlft2

free draining 45 minutes

" TUlles are apprOXlIll1te .nd should be used only .s • gUIde Carefully momtor produce temperature to
deterll1l1le the actual rate of coolIng fOI yoUl operatIon c1unate eqUipment and package types and arrangements

SOli! ce TIlOmpsolI J F ct al (1998)
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Source International Food World

IlydlO-coolcl Use and Mamtln,lIH"l

Watel IS recll culated III hych o-coolc) s dud should be

dllOl mated Wlth 100 to 150 ppm of ,lvaJ1able chlOl JIle (60

ml PCI ...0 I 01 2 OUnl-l" of L.hlOl JIll- bk.ldl pel 10 gallons

01 wdtll) to prevent thl ",pIL.dd 01 dL.l-dy ~evel,J1 tllnes

dllllllg lI~e cddl day tc..,t 101 dVdll,lblc I"hloIlne usmg a

dlcmKalte..,t kit and adjust a.., necc"'''',lIV Olgamc mattel

tIe" up chlOlllle, so If the plodu(.,e I" e"peually dttty you

wIll use more chlonne th,1Il usual Washlllg plOduce

blfOl e hydro-coohng Wlll decI ease tIm plOblem

When mangoes are
Immersed In Ice water for
only ten minutes directly
following harvest, pulp
temperature IS reduced by
10 to 15 DC from an
ambient temperature of
40 to 45°C

I

II

L-----r;,...--';""'T----r'"'mrr'''''lllll-....,....TIIIII

Keep the pH ofthe wateI JIl tlK ),lIlge of 6 5 to 7 5 to pI event conOSIOn problems and the Ielease

of tOXIC chlorme ga<; U"c Itt1l1u<., p,lpU ...tllpS 01 an ll1eXpenSlve electlomc pH metel to measme

pH and add muratIl- aCId to du,,1 ea ...e pll 01 lye to tIlCI ease pH (be sm e to follow dIrectIOns on the

labels of these products) At the end of e,l(.,h day the entIle cooleI should be dramed and cleaned

Wastl. wateI may wntam pestIcIde le'ildues and chloune, so be SUIe to follow local IegulatIOn~ on

pi 0PCI dIsposal methods

About 25% ofthe enelgy used to IUn d hydlO-coolel IS reqUIred to remove heat conducted aclOSS

e\.tel101 SUI faces plpe<; and fi 0111 the all and anothel 10% IS used to offset the heatmg caused by

thc 'Watel pump Insulatmg thl. hvdlo-wolel and keepmg It til a cool 10catIOll (mslde a cold 100m

01 at the mll1llnum III deep "hade) wIll decI ease the cost of operatIOn Startmg Wlth cooleI

plOduce (harvested til thc eddy mOlllmg kept til the shade dunllg sortmg and packmg, usmg

natm ally cool well watel to pI e-lll1<;e waun) WlIl also decI ease costs by decI easmg coolmg tllnes

To reduce
hydro-cooler costs:

• Insulate the hydro-cooler
• set It up In deep shade or

inside a cold room
• start with produce harvested

In the morning hours
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11I1I11L"1011 t III"

.--
II till lLlUlllltllOI1 101111
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(lulling Injury

Wluk coohng IS very IIl1IHH LUll <..<11<" mu~t be t<lKCn to aVOId c1ulhng II1JUl), 111 senstltlve (,IOpS

ClllllIllg IllJury OCCllI s when (,1 op~ al e StOl ed 01 tl <U1spOlted at temperatures lower than those

I ecommended for pI opel posth<lIvest handling TlOplcal and subtropICal produce IS espeCIally

"cnSltlve, and dulling IllJlIl), <..an b" ,,<.-cn I <..glllarly 111 tomatoes, peppel s and cucumbers Evel)'one

I~ famJllar wIth the vanous ~Vll1ptUl11S of chtlhng lllJUlY which mclude fallure to npen (bananas

dno tomatoes), development ofplttmg 01 sunken aleas (oranges, melons and cucumbers), blOwn

chscolOl atlOn of tIssues (avo<"<Ido~ chellmoyas, eggplant), mCI eased susceptlblhty to decay

(wwmbels tomatoes, zu(.,chnl1 ancl beans) and lack of flavor development (tomatoes) Any of

these "ymptoms wdl decrease the value of the ploduce you have to sell

Man) frUIt and vegetable (.,IOp'> ale susceptIble to cllllhng illJUl), when cooled below 13 to 16°C

(55 to 60 OF) Chllhng IllJury I cclu(.,es the quality ofthe ploduct and shOltens shelfhfe Make SUI e

yuu don't ovcl-cool sen'>ltl\ <.. plOr!llC<.. Symptoms often appem only after the cOlmnodlty IS

I ctllt11cd to wal mer tempel atllrl-~ dUllllg mal ketlllg

Prevent chilling Injury by keepmg these crops at their lowest safe temperature
Source Hardenburg et al 1984

Chilling Injury SymptomsCommodity Lowest safe temperature
O( OF

---------------
Apples (Jonathan Mcintosh) 2-3 36-38

Apples (Yellow Newton) 3-4 38-40

Asparagus 0-2 32-36

Avocados (Lula Booth 1 Taylor) 45 41
Avocados (Fuchs Pollock) 13 55
Avocados (Fuer1e Hass Booth) 7-8 45-46

Bananas 12-13 54-55
npened

Beans (lima) 2-4 35-40

soft scald brown core

mternal browning

dull grayish limp tips

grayish-brown
discoloration
of the flesh

dull color when

rusty brown specks, spots
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Chilling Injury SymptomsCommodity Lowest safe temperature
°C OF

------------- -------------

Cranbernes 2 36 rubbery texture

Cucumbers 7 45 Pitting watersoaktng decay

Eggplants 7 45 surface scald alternana rot
blackening of seeds

Gua\las 45 40

GrapefrUit 10 50 scald Pitting watery breakdown

Jicama 13-18 55-65 surface decay discoloration

Lemons 11-13 52-55 Pitting red blotch membrane
staining

Limes 7-9 45-48 Pitting turning tan VV1th time

Mangoes 10-13 50-55 uneven npenrng grayish sktn

Melons Cantaloupe
Honey Dew

Casaba
Crenshaw Persian
Watermelon

2-5
7-10

7-10
7-10
45

36-41
45-50

45-50
45-50
40

Pitting surface decay
reddish-tan discoloration pitting

surface decay failure to npen
Pitting decay, failure to npen
pitting decay, failure to npen
pitting off-flavor

Okra 7 45 discoloration, water-soaked
areas Pitting decay

Olives (fresh) 7 45 rnternal browning

Oranges (CA and AZ) 3 38 Pitting brown stain

Papayas 7 45 Pitting failure to npen
off-flavor decay

Peppers (sweet)

Pineapples

7

7-10

45

45-50

sheet pitting alternana rot
darkening of seed

dull green Vv'hen npe

Pomegranates 45 40 pitting browning

Potatoes
Chippewa Sebago

3 38 sweetening
mahogany browning

Pumpktns squashes 10 50 decay alternans rot

Sweetpotatoes
Tomatoes npe

mature-green

13
7-10
13

55
45-50
55

decay pitting Internal browning
water soaking softening decay
poor color Vv'hen npe

alternana rot
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U"e of lee

Crushed or flaked Ice for package Icmg can be applIed dIrectly or as a slurry m water (hqUld Ice)

The Ice must come Into dIrect contact WIth the produce In order to cool, and cannot sImply be

placed 011 top of the produce nle water used to make Ice must be potable (clean) Flaked or

crushed Ice can be manufactured usmg commerCial machmery, but operatIon and storage ofIce IS

JjpllllllHUIl!lll IfIJllHfJlIIHlllllllll/lllll

USing Ice In plastiC bags !~
to maintain temperature III

of pre-cooled produce

can reduce problems
With package damage

from soaking, and

eliminate waste watei

flowfrom Ice melt
II ~ I III II

The use of Ice to cool produce proVIdes a lngh relatIve hunndlty

envrronment around the product and can reduce the rate ofwater

loss m commodItles senSItIve to mOIsture loss Meltmg lIb ofIce

made from water has the coolmg effect of 144 Btu One Ib or kg

of Ice will drop the temperature ofproduce 3 tlilles ItS weIght by

about 50 OF (28°C)

e\.']JenSIVe If you use Ice only for a short tIme dunng the harvest season, It IS probably less

expenSIVe to purchase block Ice and crush It on SIte

Package Ice can be used only With water tolerant, non-clnllmg senSItIve products and With water

tolerant packages (waxed fiberboard, plastIC or wood) Waxed or wooden contamers are much

more expenSIve than fiberboard Usmg Ice greatly mcreases the weIght of the load, and some

transport vehIcles may exceed therr rated carrymg capaCIty before they are fully loaded It IS

estunated that at least 10 lbs ofIce must be added to a 20 lb carton ofbroccoh m order to prOVIde

coolmg dunng long dIstance transport, and even more IS reqUITed Ifyou desrre to have Ice left m

the contamer upon arnval at the destmatlOn market Meltmg Ice can damage fiberboard

contameI S when pIoduce IS handled m illlXed loads

PRODUCE SUITED FOR PACKAGE ICING

anise broccoli, brussels sprouts, cabbages, cantaloupes, carrots
celenac,dalkon enolve escarole green Onions leeks, lettuce parsley,
peas, spmach, radishes rhubarb, rutabagas, sweet corn, turnips and
turnip greens

Source TRANSFRESH 1988

I " I III I I
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Top Ice doesn't do much coolmg, but IS sometimes used for celtam products dunng transport to

help mamtam a l11gh relatIve hUlmdlty Top Ice can be used only With water tolerant, non-chdhng

sensItive products and With water tolerant packages (waxed fiberboard, plastIC or wood) Top-Ice

on loads should be apphed m rows relther than a sohd mass It IS Important not to block aIr

CIrculatIon lllslde the transpolt veillcle

ALTERNATIVE COOLING STRATEGlliS

Open bottom
,eots dunng
the mght to
cool storage
factht)

NIGHT AIR VENTILAnON
Vent with
fan

NIght An VentIlatIOn

Storage structures can be cooled usmg mght alf If the dIfference m day and mght temperature IS

relatIvely large The stot age faclhty should be lllsulated and vents should be located at glound

level Vents can be opened at mght

and fans can be used to pull cool aIr

through the storeroom The structme

will best mamtam cool temperatures

dunng the heat of the day If It IS well

msulated and vents are closed early ill

themommg

Ramant Coohng

Ramant coohng can be used to lower

the alf temperature ill a storage

structure If a solar collector IS

connected to the ventIlatIon system of

the bmldmg By usmg the solar

collector at mght heat WIll be lost to

the outSIde envIronment A hollow,

shallow black bo,," WIth a c1eal glass

cover can transfer heat that nses from

RADIANT COOLING

Allo" solar
collector to
radIate heat
dunng the mght
to cool the
storage!aclht}

the bUlldmg ,rIa mfrared radIatIOn to

the Illght ~k"
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Temperature!> l11sIde the structure of 4 °C (about 8 OF) less than mght tempelature can be

achIeved The collector must be covered WIth a lIght colored blanket or sheet of msulatlOn such

as ReflectIX® durmg the day to prevent the accumlatlOn of solar radIatiOn

Nature's :;1

CoolingI
Methods I

IIInight air ~I
radiation ,il

~Iwell water ::1

high altitude i,
II
II

ilHtJ II UlIlillUlIJl1lU IblllllllmudllllUnlllll.ll1J ~UllllbUllllllUllllilJlllifulWllilllll11jJlI!l tllm! ~l

HIgh AltItude Storage

As a general rule, arr temperatures decrease by 10°C (18 OF) for

every one kIlometer mcrease m altItude Ifyou have an optIon to

pack or store commodItIes at lngher altItude, costs for coohng and

cold storage can be reduced Coolmg and storage facilitIes

operated at lngh altItude reqUITe less energy than those at sea level

for the same results In Cahforma when temperatures m the Central Valley reach 38°C (100 OF),

temperatures m the htgh SIerra mountams, only about 50 nnles away, are hkely to be 21 to 24°C

(70 to 75 OF)

Use ofWell Water

Well water IS often much cooler than an temperature ill most

regIOns ofthe world The water temperature of a deep well tends

to be m the same range as the average arr tempelature ofthe same

locahty Well water can be used for hydro-coohng chIlhng

sensItIve crops and as a spray or Ill1st to mamtam lngh relatIve

hllIll1dIty m the storage envrronment

RELATIVE HUMIDITY CONTROL

Another aspect to consIder when handlmg fruItS and vegetables IS the relatIVe hUIll1dIt) of the

storage enVIronment Loss of water from plOduce IS often assocIated WIth a loss of qualIty as

VIsual changes such as WIltmg or shnvellmg and textural changes can take place Leafv crops

tend to lose water the most qmckly lfusmg mechamcal refhgeratIon for coolmg the larger the

area of the refugelator COlIs the hIgher the relatIve humIdIty m the cold room wIll remam It

pays however, to remember that water loss may not always be undeSIrable, for example Ifyour

produce IS destmed for dehydratIon Ol processmg to puree or sauces
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The rate ofwater loss can be estmIated by USlllg the commodity's transprratlon coefficient and the

VPD (the vapor pressure deficit, wluclllS dependent upon the dIfference III temperature between

the commodrty and Its enVlfonment and the relatIVe hunnd.ty of the arr around the commodity)

Apples, potatoes, O111ons, pears and CitruS fiuItS have relatively low transprratlon coeffiCIents,

wlule peaches, leeks, carrots, celery brus<;el spIouts and lettuce have very lugh transplfatIon

coeffiCIents When handled at the same temperature and RH can ots and lettuce WIll lose much

more water than apples or potatoes Reducmg the dIfference m temperature and/or mcreaslllg RH

WIll decrease the rate ofwateI loss

Water loss of 3 to 6% IS generally enough to cause a notIceable loss of quahty and value Stone

fiults (peaches, plums and apncots) look shnveled when they suffer water loss of 4 to 5% Root

crops (carrots, beets, turmps, radishes) will lose water much faster If theIr tops are left

attached, SlDce the leaves will contmue to transpIre, takmg water from the roots Reducmg

the rate ofwater loss slows the late ofshnvehng and wtltlllg, causes ofsenous postharvest losses

Ifyou sell produce by weight, every bit of water lost IS also lost profits Produce handled and

marketed at 27°C (80 OF) and 60% RH (very adverse conditions, but not uncommon m the

southwestern and western US dunng May through October, or m Punjab ill Apnl and May) can

lose a lot ofwater III a short ttme

Cornell Umverslty studtes have

demonstrated the followmg water

losses for these crops under

lugh temperature/low humIdity

coumtlOus

Asparagus 84%

Snap beans 40%

Topped beets 31%

Topped carrots 36%

Cucumbers 25%

Summer squash 22%
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MaXImum storage lIfe and maXImum pelcentage water lo::.s before becommg unsaleable
(becommg lowest grade or poor quahty due to wIltmg or shnvelmg) for selected hortIcultural
ClOpS

Commodity Maximum storage life
at optimum conditIOns

Maximum % water loss
before becoming unsaleable

asparagus
beans (runner)
beets/topped
beets INlth tops
blackbemes
brussels sprouts
cabbage (Pnmo)
cabbage (Decema)
carrots/topped
carrots INlth tops
cucumber
grapes (Thompson seedless)
lettuce
onion
parsnip
peas (m pod)
peaches
peppers
spmach
strawbemes
tomato (1/4 npe)

2-3 weeks
1-1 5 vveeks
30-40 vveeks
2-4 weeks
15 weeks
4-6 weeks
6-12 weeks
40-50 vveeks
40-50 weeks
2-3 weeks
15-2 weeks
4-10 vveeks
1 5-3 vveeks
30-35 weeks
25-30 weeks
2-5 weeks
2-5 weeks
1 5-2 vveeks
1 5-2 vveeks
2-3 weeks
2-3 weeks

8
5
7
5
6
8
7

10
8
4
5
2
3

10
7
5
5
7
3
7
7

(adapted from Thompson, A K 1996, Hardenburg et al 1984)

Increasmg RelatIve HumIdIty

For flesh mmket produce any method of mcreasmg the relatIve hUllildlty of the storage

enVlfonment or decreasmg the vapor pressure defiCIt (VPD) between the commodIty and ItS

enVIronment wIll slow the rate ofwater loss The best method ofmcreasmg RH IS to reduce the

temperature

A common method of mcreasmg RH III a storage room IS to add mOIsture to the aIr around the

commodIty as mIsts, sprays or, at last resort, by wettmg the floor Another way IS to use vapor

bamers such as waxes, polyethylene lIners III boxes, coated boxes or a vanety ofmexpensIve and

recyclable packagmg matenals Any added packagmg matenals will mcrease the dIfficulty of
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efficIent coohng, so vented Imers (about

5% of the total area of the Imer) ale

recommended TIle lmer vents must hne

up WIth the package vents to facllttate

COOllllg of the produce mSlde Vented

Imers WIll decrease VPD without

senously mterfenng wIth oxygen carbon

dlO ....lde and ethylene movement

RH CAN BE CONTROLLED BY ~

~

• adding mOIsture to air (water mist or spray) ~
• regulating air movement and ventilation rates In relation to ~

produce ~
• maintaining refngeratlon colis In a cold room within 1 °C or ~

2°F of air temperature ill

• provldlflg mOIsture barriers (insulation, liners, plastic films) I
• wetting floors In storage rooms ~
• --a€Idmg crushed Ice to packages and dIsplays (for tolerant ;1

crops) ~
• spnnkllng produce dunng retail marketing (leafy vegetables, ;

cool season root crops, Immature frUit crops)

Source Kader, 1992
Package 1c1ng

'-...,----:-.----.,."------------::-------:' ~ \1 Ilool II.J ..J - \oilll' "I.. I II IMlL IIUllIol1llJllllllllllllllWUl.I'
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COMPARISON OF ESTIMATED COSTS AND EXPECTED BENEFITS RELATED TO
COOLING HORTICULTURAL PRODUCE AND MAINTAINING THE COLD CHAIN
DURING HANDLING, STORAGE, TRANSPORT AND MARKETING

Costs
EqUIpment
Power
Labor

Benefits
Lower postharvest losses
Longer shelfhfe
HIgher quahty

McDonald's attributes
much of Its success to
the use of the cold chain
and their attention to
quality and HACCP

Source Times of India 13 July 1998

Example 1 Two tons of mangoes haIVested at the peak of the season (June 15 to 20) are
handled eIther at ambIent temperatures (30 to 35°C) or vIa an mtegrated cold cham (15 °C)
where coohng costs are relatIvely htgh $1000 ($0 25 /lb)

PosthaIVest losses

Quahty classes

Total volume sold

Marketmg penod

Average pncellb

Sales - cost ofcoolmg

AmbIent temperature Cold Cham

35% 10%

20% lughest 50% lughest
50% second 30% second
30% lowest 20% lowest

2600lbs 3600lbs

June I5-June 28 June 15 - August 1

$050 $1 25

$1300 $3500
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Example 2 1000 kgs ofmangoes halvested at the peak ofthe season (June 15 to 20) are handled
eIther at ambIent temperatures (30 to 35°C) Ot VIa anllltegrated cold cham (15°C) where coolmg
costs ale relatIvely htgh Rs 10,000 (RIO/kg)

Posthalvest losses

Quahty classes

Total volume sold

Marketmg penod

Average pnce/lb

PotentIal Sales

Sales - cost of coolmg

AmbIent tempelature Cold Cham

35% 10%

20% lughest 50% lughest
50% second 30% second
30% lowest 20% lowest

650 kg 900 kg

June IS-June 28 June 15 - August I

Rs5 Rsl8

Rs 3900 Rs 16,200

Rs 3900 Rs 6,200

SOURCES OF COOLING AND RH CONTROL EQUIPMENT AND SUPPLIES

aIr-exhaust doors/ louvers

"Cool-and-ShIp" (mobtle cooler) plans

evaporative coohng pads

forced-air coohng systems

hydro-coolers

humidifiers

Industnal VentIlatIon, Inc
Hydro-Gardens, Inc

North Carolma State Uruverslty
Cooperatlve Ex1:enslon
Dept of Ag ConunurucatlOns Box 7603,
Raleigh NC 27695

Hydro-Gardens Inc

Pressure Cool Co

Clarkesvtlle MachIne Works Inc
Northwest Int'l EqUipment Co
Roblc Refngeratlon Inc
Semco Manufactunng Company

Industnal VentIlation, Inc
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Ice-makel s (3 to 6 ton/day portable)

Ice storage

msulatton

mlm-reefers

portable "hydro-crullers"

radtant barners (screerung, shadecloth)

refngeratton eqUIpment

therrlOMeters, te'l'perature prcbes

Semco Manufactunng Company

Roblc RefngeratlOn Inc
Semco Manufactunng Company

Jade Mountam
ReflectlX, Inc

CMF Corp

Semco Manufactunng Company

Real Goods

Cahf Controlled Atmospheres
Hydro-C-rardens, Inc

DIC1c;o'1
Internattonal Rtpemng CorporatIOn

For addresses and phonelFAX numbers of supphel s, please refer to Appendtx D
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•

STORAGE PRACTICES
AND STRUCTURES

SometlIDes you may want to store ploduce before marketmg, eIther for the short term or ovel a

longer penod of tlIDe One reason may be that you slIDply plOduced more than you can sell

(although WIth productIOn planmng and a good marketmg plan WIth multIple optIOns thIs should

not be happenmg often) You may need to store produce for a few days until you have enough

produce to warrant long-dIstance transport, or whtle transpOlt to a wholesale market can be

arranged through a common carrter For crops such as Barlett pears or blood oranges, a few

weeks of cold storage will enhance quahty

Another reason to put crops mto storage iller harvest may

be because current market pnces are low due to lugh local

productIOn and you antIcIpate an mcrease m pnces when

supphes decrease at the end ofthe season Or perhaps you

produced some crops WIth the Idea ofprocessmg them to

more stable, value-added products, and would hke to do

the processmg after the rush of the productIon season has

passed

The red pigment of blood
oranges can be
developed by stonng the
frUits for 6 weeks after
harvest at a temperature
of 0 to 4·C (32 to 396F)

Source Smgh 1998
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There are few key factors to consIder when stonng fresh produce Some cuItIvars have a

naturally longer storage potentIal than others of the same commodIty If you are consIdenllg

produce storage, you should first detenmne whIch vanetIes WIll gIve you the best results The

range of storage potentIal (postharvest perfonnance ratmg accordmg to maxunum market hfe m

weeks) IS Illustrated by selected stone fruIts grown ill Cabfomta

FrUlt/Cultlvar

Nectannes
August Red
Autumn Grand
Early Diamond
Falrlane
Flameklst
Granderll
Independence
May Grand
Summer Red

Peaches
August Sun
Autumn Gem
Coronet
Falrtlme
Fay Elberta
Kern Sun
Kings Lady
Snow Flame
Suncrest

Plums
Angeleno
Catalina
Durado
Grand Rosa
Kelsey
Red Beaut
Royal DIamond
Slmka

Source Cnsosto 1996

Maximum market life
at a °C (32 OF)

6 weeks
2-3
5
3
3
6
5-6
6
5

2-3
1
4
2
3-6
5
2
5
2

4-5
6
1
3
2
1 - 2
5-6
3

IndIan banana cuItIVars vary greatly m
keepmg qualIty The followmg have
been rated-

ve:y good Nendran

good Monthal\ Poovan

poor Basra., Chakrakah

Source Smgh 1998

Next, lowenng the temperature to the lowest

safe handlmg temperature IS of paramount

Importance Even If you cannot proVIde the

exact recommended condItIons, any effort to

lower temperature will be rewarded by longer

shelf lIfe, reduced losses and hIgher quahty

dunng marketmg

Fmally, always handle produce gently and

never store produce unless It IS of the best

quahty Damaged produce WIll lose water

faster and have hIgher decay rates m storage

when compared to undamaged produce
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CABBAGES STORED FOR 2 MONTHS IN KOREA

Storage at 20°C Storage at 30 to 35 °c (ambient)

Page 73

weight loss

weight of decayed produce

% marketable

36%

12%

952%

89%

335%

576%

Non-\M:lunded heads Wounded heads

weight loss

weight of decayed produce

% marketable

82%

31%

887%

206%

184%

610%

•
Source Thompson A K 1996

ThIs chapter descnbes the pnnciples of proper storage and

some ofthe snnple storage practices and small structures that

can be used on your own farm to make sure your crops are

stored under conwtlons that will proVide the maxnnum shelf

Me and mamtenance ofquahty and value Ifyou prefer, larger

storage structures can be used, perhaps by shanng the costs of

constructiOn and rnamtenance With others who aie workmg

cooperatively to market slIDllar crops It is lillpOltant to

follow recommendatiOns for temperature, relative hUIDlwty

(see Appendtx B) and ventilatiOn for specIfic commomtles to

ensure that the crops you store will be of hIgh qualIty after

storage

Storage of
Mangoes:

Varieties such
as Alphonso
and Dasheri
can be kept
successfully in
cold storage for
40 to 60 days at
a temperature of
9 °C (48 OF).

Source Smgh 1998
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GENERAL DOs AND DON'Ts FOR STORAGE
OF HIGH QUALITY HORTICULTURAL PRODUCE

Store only high quality produce, free of damage, decay and of proper
maturity (not over-ripe or under-mature)

Page 74

Know the requirements for the commodities you want to put Into storage,
and follow recommendations for proper temperature, relative humidity and
ventilation

Harvest most crops before a hard freeze, and don't handle crops for
storage when they are wet

Cure root, tuber and bulb crops before storage

AVOid lower than recommended temperatures III storage-- many
commodities are susceptible to damage from freezing or chilling

Do NOl "overload storage rooms or stack containers too close together

PrOVide adequate ventilation In the storage room

PrOVide shade for storage structures or paint bUildings white or Silver to
reflect heat

Overhanging roof extensions on storage structures are very helpful In
shading the walls and ventilation openings from the sun's rays, and In
prOViding protection from rain An overhang of at least 1 meter (3 feet) IS
recommended

Keep storage rooms clean

Storage faCIlities should be protected from rodents by keeping the
Immediate outdoor area clean, and free from trash and weeds

Containers must be well ventilated and strong enough to Withstand
stacking Do NOT stack containers beyond their stacking strength

Monitor temperature In the storage room by plaCing thermometers at a
variety of locations
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Dos and Don'ts continued

Don't store onions or garlic In high humidity environments

Page 75

Store crops In a dark room This IS especially Important for potatoes, since light will
stimulate solanine production (a tOXIC compound not destroyed by cooking)

Avoid storing ethylene sensitive commodities With those that produce ethylene

Avoid storing produce known for emitting strong odors (apples, garlic, Onions,
turnips, cabbages, potatoes) With odor-absorbing commodities

Inspect stored produce regularly for signs of inJury, water loss, damage and disease
Remove damaged or diseased produce to prevent the spread of problems

RECOMMENDED STORAGE TEMPERATURE/RELATIVE lllJMIDITY
COMPATffiILITY GROUPS

The four pnncipal concerns regardmg product compatIbility

Teillperat"ure
MOIsture
Ethylene
Odor

Please refer to the tables ill AppendIX B for specIfic storage recommendations and approXImate

shelf-hfe for each commomty

The followmg groups of commcdlt'es can be safely stored together Sillce they have sIIDJ1ar

requIrements for temperature and RH Notice that some ofthe crops produce odors or ethylene

and should be kept away from commodItIes senSItive to these compounds

Be especIally careful not to store clulhng senSItive crops at low temperatures Not only Will you

waste the money you spend on e'\.cess coohng, but you may have nothmg ofvalue to sell when
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you remove them from storage Damage symptoms \MlI usualh <;ho\\l up \\Ilthm a few days aftci

you take thc I.,IOPS out of low temperature storage Tomatoes suffenng fi om cllllhng ll1JUl), \Mil

be so dclmaged by A !/elllGIlG (black spots and <;unlen PitS) that customel" \Mil be unlIkely to bm

from you agam See Chaptel 6 for a hst of symptoms suffered by each crop

CompatlbJ11ty Groups (source McGregor, 1989)

Group 1 Fruits and vegetables, 0 to 2°C (32 to 36°F), 9095% relative humidity Many
products In thiS group produce ethylene

apples
apncots
ASian pears
Barbados cherry
beets topped
berries (except

cranberries)
cashew apple
cherries
coconuts
figs (not with

apples)

grapes (without
sulfur dioxide)

horseradish
kohlrabi
leeks
longan
loquat
Iychee
mushrooms
nectarines
oranges (FlOrida

and Texas)

parsnrps
peaches
pears
persimmons
plums
pomegranates
prunes
qumces
radishes
rutabagas
turnips

parsley
parsnrps
peas
pomegranate
raddlchlo
radishes
rhubarb
rutabagas
salSify
scorzonera
snow peas
spmach
turnips
waterchestnut
watercress

Citrus treated with biphenyl may give odors to other products

Group 2 FrUits and vegetables, 0 to 2°C (32 to 36°F), 95 100% relative humidity
Many products In thiS group are sensitive to ethylene

amaranth corn sweet
anise dalkon
artichokes endive
asparagus escarole
bean sprouts grapes (without
beets sulfur dioxide)
Belgian endive horseradish
bernes (except Jerusalem artichoke

cranberries) kiwifrUit
bok choy kohlrabi
broccoli leafy greens
brussels sprouts leeks (not With
cabbage figs or grapes)
carrots lettuce
cauliflower 10 bok
celenac mushrooms
celery onions green (not
chernes With figs grapes mushrooms

rhubarb or corn)

these products can be tap-Iced

Group 3 FrUits and vegetables 0 to 2°C (32 to 36°F), 6575% relative humidity
MOisture Will damage these products

garlic onions dry
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CompatibilIty Groups contmued

Group 4 Fruits and vegetables 45°C (40°F) 90 95% relative humidity

cactus leaves
cactus pears
calm Ito
cantaloupes
clementine
cranbernes

lemons
Iychees
kumquat
mandann
oranges (Calif

and Arizona)
peplno

tamanllo
tangelos
tangennes
ugh frUit
yucca root

Citrus treated with biphenyl may give odors to other products
can be top Iced

Group 5 FrUits and vegetables 1Q°C (50°F) 85 90% relative humidity Many of these
products are senSitive to ethylene These products also are senSitive to chllhng injury

beans klwano pummelo
calamondln maranga squash summer
chayote okra (soft shell)
cucumber olive tamannd
eggplant peppers taro root
hancot vert potatoes storage

papayas
passion frUit
pineapple
plantain
potatoes new
pumpkin
rambutan
s8ntol
soursop
sugar apple
squash winter

(hard shell)
tomatillos
tomatoes ripe

granadllla
grapefrUit
guava
Jabotlcaba
JackfrUit
langsat
lemons
limes
mamey
mangoes
mangosteen
melons (except
cantaloupes)

Group 6 Fruits and vegetables, 13 to 15°C (55 to 60°F) 85-90% relative humidity
Many of these products produce ethylene These products also are senSitIVe to chlll
mg injury

atemoya
avocados
babaco
bananas
bitter melon
black sapote
bonlato
breadfrUit
canister
carambola
chenmoya
coconuts
felJoa
ginger root

citrus treated With biphenyl may give odors to other products

Group 7 FrUits and vegetables, 18 to 21°C (65 to 70°F)

Jicama sweetpotatoes
pears tomatoes

(for npenlng) mature green

85-90% relative humIdity

watermelon
white sapote
yams

separate from pears and tomatoes due to ethylene senslvlty
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Sources of ethylene
Internal combustion engines
Ripening frUits
Leaks from npenlng rooms
Propane powered forklifts or

other equipment
Decomposing or wounded

produce
Cigarette smoke ~

Rubber matenals exposed to ,1
UV light or heat 1

1!
'--:-,-,::":'",~U~"''''''''~''''''''''''l '~J:-:"':::;";'",::l'1:"-;-, .""",'""',",..".,~.."",'::1"l.,:::':".:r.:-:"=IllliIW.lJ=ill;":;1,,,,:::-r.w~;;;I

MOIsture loss rate of hortIcultural produce

Some crops WIll loss water more qUIckly than others, due to theIr hIgh surface area (leafy

vegetables), OJ llaturally dUll skm (summer squash) 111ese commodItIes WIll reqUIre extra cal e to

reduce water loss dunng storage and marketmg The loss ofprotectIve wax dunng handhng and

pack.1llg (tomatoes cucumber, peppers) or damage VIa cuts or bruIses WI.1l mcrease the rate of

water loss m all commodItIes Mtstmg or wettmg the floor oftbe storage room WIll help mcrease

the relatIve hUIll1dIty around the produce and decrease the rate of water loss See Chapter 6 for

more Ideas for controllmg RH dunng postharvest handbng and storage

Ethylene m the storage enVIronment

Ethylene will cause are WIde range of damage symptoms m sensItIve commodItIes AVOId

handbng or stormg ethylene senSItIve commodItIes WIth those that produce ethylene durmg

npenmg

Undesrreable effects of ethylene on senSItIve crops mclude

• Accelerated senescence (spmach, herbs, broccoh)

• Accelerated npenmg (chmactenc fruIts)

• Loss ofgreen color (snap beans broccolI, cucumber, leafY greens)

• InductIon of leaf dIsorders (russet spottmg m

lettuce, death of leafY greens)

• Isocoumann formatIon (bItter taste m carrots)

• Sproutmg (potatoes)

• AbSCIssIon offlorets (broccoh)

• BrOWll.1llg ofpulp and/or seeds (eggplant,

sweetpotato)

• Toughenmg (asparagus, turnIpS)

• Poor flavor (watermelon, parsmps, sweetpotato)

• Reduced effectIveness orCA storage (apples)
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Products that are ethylene producers
or ethylene sensItive

Ethylene producers
apples
apncots
avocados
bananas ripening
cantaloupes
chenmoya
figs
guavas
honeydew melons
kiWifrUit npe
mamey
mangoes

mangosteen
nectannes
papayas
passionfrUit
peaches
pears
persimmons
plantains
plums
prunes
qUinces
rambutan
tomatoes

Measuring ethylene
SenSitive measurement of
ethylene gas IS stili
expensive requiring
chromatographs costing from
$US 7000 to $10 000
(reqUired for levels <1 ppm)

• Low cost gas sampling tubes
giving colonmetnc reactions
can be read down t01 ppm
(satisfactory for npenlng room
operations)

Return air

Ethylene senSItive
bananas unnpe
Belgian endive
broccoli
brussels sprouts
cabbage
carrots
cauliflower
chard
cucumbers
cut flowers
eggplant
f10nst greens
green beans
kiWifrUit unnpe

leafy greens
lettuce
okra
parsley
peas
peppers
potted plants
spinach
squash
sweetpotatoes
watercress
watermelon
yams

Air In from
storage room

ETHYLENE SCRUBBER place
Purafil@ pellets (KMn04) In shallow
layers on screen trays sealed InSide
a solid vvooden box Air must flow
through 3 or 4 trays of pellets for
successful removal of ethylene gas

Overcommg undeslreable effects of ethylene
Ehmmatmg sources of ethylene (combustIOn engme exhaust npenmg fruitS)
VentIlatIOn (one air change per hour)
Chenncal removal by filtenng aIr m storage (potassIUm pennanganate scrubbels,
UV lamps, activated chalcoal catalytiC o'ldlzers)
Inlubltmg ethylene effects
(controlled atmospheres-- low 0/ lugh CO2 reduces ethylene productIOn rates)
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Odor producers and odor dbsorbers

Some commodItIes should not be stored WIth others due to then tendency to gIve off or absOl b

odor~ released by other produce The folloWIng IS a Itst of combmatlOns to aVOId dunng long

dIstance transport, storage and marketmg

Products which produce or absorb odors

Odor produced by
apples

avocados
carrots
citrus frUit
ginger root
grapes fumigated wi

sulfur dioxide
leeks
Onions dry
Onions green
pears

potatoes
peppers green

strongly scented
vegetables

STORAGE STRUCTURES

Will be absorbed by
cabbage carrots celery figs Onions
meat eggs dairy products
pineapples
celery
meat eggs dairy products
eggplant
other frUIts and vegetables

figs grapes
apples celery pears
corn figs grapes mushrooms rhubarb
cabbage carrots celery onions

potatoes
apples pears
pineapples
citrus frUit

There are a \\'lde range of storage structures used throughout the world to successfully store

hortIcultural produce In general the structure needs to be kept cool (refugerated, or alleast

ventIlated and shaded) and the produce put mto storage must be oflugh mitIal quahty

Effect of surface color and onentatlon on effective
outside temperature of a storage bUilding

Outside air
Light colored south wall
Dark colored south wall
Dark colored flat roof

Source Thompson J F 1992

Effective Temperature
35°C 95 OF
46 115
57 137
77 170
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TIle au compos1tlOn 111 the storage envIronment can be mal11pulated by 1llcreaS1llg or decreaslllg

the rate of ventJlatlO1t (111troductlOn of fresh aIr) or by USlllg gas absorbers such as potassIUm

perrnanganate (KMnO.j an llle"penS1ve compound that wtll absorb ethylene gas) or actIVated

charcoal (more expenSIve than KMnO.j)

Placlllg matenals on the flOOI beneath sacks Ol call0ns of produce prevents dampness from

reaclung produce slllted to dry condItions 111 stOl age 11us helps to reduce the chance of fungal

lllfectlOlt, wIllIe also Improvlllg ventJlatlO1t and/or sarutatIon ill the storeroom Some e'\.ampIes of

useful matenals follow

VentIlatIOn 1ll stOiage stluctures IS

Improved If au mlets 31 e located at the

bottom of the stOle wIllIe aIr outlets ale

at the top A s1mple, light-plOof exhaust

vent IS a pressure-l elief flap

Source Potato Marketlllg Board (no date)

/
hghtwtlght

msuJOItcd
tlilpfv.llve

>lr

--- pressure

potatoes
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Any type ofbmldmg 01 facl1Jty used for storage ofhortIcultural crops should be lIlsulated properly

for ma,lInum effectIveness A well lIlsulated refugerated bmldmg Will reqmre less electnclty to

keep produce cool If the stlUcture IS to be cooled by evaporatIve or mght all ventIlatIOn, a well

lllsulated bUlldmg "WllI hold the cooled aIr longer

TIle amount oftotalmsulatIol1 on the walls of storage bmldl11gs usually ranges from R20 to R40,

and even hlghel amounts ofl11suiatIon are used m the ceumg ofnew bmldl11gs (up to R60)

InsulatIOl1 R-values are hsted below for some common buud111g matenals R refers to reSIstance

to heat conductIOn, and the hIgher the R-value, the hIgher the ID3tenal's resIstance to heat

conductIon and the better the msulat1llg property of the matensl YOil will notIce that most

common bmldmg matenals proVIde httle or no 111sulatIon on theIr OWll Therefore, m order to

adequately msu1ate storage buudmgs you will need to add an appropnate thIcknes~ of ll1SUlatlOn

The matenals hsted are readuy available from local bmldmg supply compames Costs WIll vary

dependmg upon the amount purchased, WIth dIscounts for large volumes

RelectlX IS a new hghtweIght msulatIOn matenal made from

2 layers of fou covered bubble wrap that has an extremely

lugh R-value (RI4) for a l/4 111ch thIck sheet when used to

111sulate the mSIde of a roof It IS very easy to mstall and IS

espeCIally useful for 111sulatmg wmdows smce It reflects

97% of radIant heat to wluch It IS exposed The cost IS

approXlillately $0 50 per square foot
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R-values of Common BUilding Materials and Types of InsulatIon

Page 713

Matenal 1-lnch thickness Full thickness of matenal
________________(25 cm) _

BUilding matenals
solid concrete
8-lnch concrete block open core
8-lnch concrete block VIIlth vermiculite fill
lumber (fir or pine)
metal siding
3/8-1nch plyv.,uod
1/2-mch plYVIIOod
Masonite particleboard
25/32-mch Insulated sheathing
1/2-mch Sheetrock
1/2-mch VIIOod lapsldlng

008

1 25

106

1 11
503

<001
047
062

206
045
081

Types of Insulation
Batt and blanket Insulation
glass VIIOol mmeral VIIOol fiberglass 3 50

Fill-type insulation
cellulose 3 50
glass or minerai VIIOol 3 00
vermiculite 2 20
saw:lust or VIIOod shavings 2 22

Rigid insulation
plain expanded extruded polystyrene 5 00
expanded rubber 4 55
expanded polystyrene molded beads 3 57
aged expanded polyurethane 625
glass f.ber 400
polylsocyranuate 800
VIIOod or cane fiberboard 250
Reflectlx® 140

Foamed-In-place Insulation
sprayed expanded urethane 6 25

Source Boyette MOno date
and unpublished marketing matenals of insulation suppliers
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CommercIally constructed cold rooms can be qUIte expensIVe, but fortunately the small-scale

operator has many chOices Cold rooms can be self-constructed, purchased as prefrabncated untts

(new or used), or made from refrIgerated transportatIOn eqUIpment such as raIlway cars, hIghway

vans or manne contamers A disadvantage when usmg any transport velucle for cold storage IS

that they are not deSIgned to prOVide lngh relatIve hUmIdIty enVlfonments Wettmg the floor or

the walls can help mcrease RH but can lead to mcreased corrOSIon, mold development and reduced

eqmpment lIfe

Rail Cars
very sturdy, well Insulated
refngeratlOn powered by electnc motor
relatively low ceiling
high cost of getting rail car to farm site

Highway Vans
portable If wheels are left on
refngeratlon powered by diesel engine
limited Insulation, often leak air
small fans may not provide adequate ventilation

Manne Containers
sturdy deep T-beam floors
suffiCient fan capacity for room cooling
refngeratlon powered Vv'Ith 220 or 440 volt three-phase electnClty

Source Thompson J F 1992

illustrated on the next page IS the baSIC plan for a self-buIlt cold room For storage facilitIes that

are refrIgerated, usmg outsIde aIr for ventIlatIOn IS wasteful ofenergy For these systems, a slillple

reCIrculatIOn system can be deSIgned by addmg a fan below floor level and proVldmg a free space

at one end of the storeroom for cool au to retum to the mlet vents For more detaIled mformation

about detennmmg the cold room sIZe best SUIted to your operatIon, evaluatmg chOices when

purchasmg or bmldmg a cold room, refer to TIlOmpson, J F and Spmogho, M 1994 Small-scale

cold rooms for penshable commodItIes FamIly Farm Senes, Small Farm Center, UmversIty of

CalIfo1ll1a, DaVIS
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An evaporatIve cooler located m the peak of a storagc stmctllle can cool an ent)] e room of

stored produce such as sweetpotatoes 01 other chlllmg scnsltlve crops TIle vents for outsIde aIr

should be located at the base of the bmldmg so that cool aIr IS urculated throughout the room

before It can eXIt

Source Thompson and Scheuerm,n 199J

Where electnclty IS not available, wmd-powered turbmes can help mcrease arr crrculatlOn and

keep storerooms cooler by pullmg arr up through the buildmg Hot arr mSlde the room will

naturally move upwards toward the roofpeak and eXIt through the vents m the turbme, creatmg

wmd wIDch will spm the turbme and pull more warm arr out ofthe storage room

l
ROOF

wind powered turbine

AIR IN STORAGE

The turbme illustrated here can be constructed of

sheet metal that IS twIsted to catch the wmd, and

attached to a central pole that acts as the aXIS of

rotatIOn The turbme should be placed on the

peak of the roof of a storage structure

NIght aIr ventIlatIon

Storage structures can be cooled by ventIlatmg at mght when outsIde atr IS cool For best

Iesults, arr vents should be located at the base of the storage StruCtUl e An exhaust fan located

at the top of the structure pulls the cool atr through the storeroom Vents should be closed at

Sllllnse, and remam closed dunng the heat of the day
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NIGHT AIR VCNTlLAT[ON

Page 7 17

Open bottom
\.(,.nts dunng

the flight to
cool storagt.

faCIIlt\

Facilities located at Ingher altitudes can be especIally effectIVe, smce alf temperature decreases as

altItude mcreases Increased altItude therefore can make evaporatIVe coohng, mght coohng and

radIant coohng more feasIble

Underground storage

One of the sunplest methods for stormg small quantities of produce IS to use any avauable

contamer, and create a cool enVlfonment for storage by burymg the contamer usmg msulatmg

matenals and sou The example plOVlded hele uses a wooden barrel and clean, dry straw for

msuIatlOn

Storage barrel

2 soil around barrel

-- retaining board to hold sod
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Potato Pit Storage In India Wooden box hned w1th haldware cloth and covered

Dig a Pit In a shady place,
spnnkle It With water for a few
days to cool the SOil, then line the
Pit With neem leaves Add a
bamboo chimney to provide
ventilatIon

WIth straw bales

, ""=- .J~=~{f~
l l __3Y~'-7,.----~- - (j I h"dw". CIOlh

I ng bo

--r-----
I
I

:/'n9'r--H---f- 3 4 0' straw

Source Choudhury 1998

l __~~2ti~dtt-- egetaores

t>ed 01 su w lea so moS3

Source Bubel M and Bubel I'< 1979

A root cellar can be constructed by dIggmg out a pIt to a depth of about 2 llleters (7 to 8 feet)

and frallllllg the sIdes With wooden planks The example illustrated here IS about 3 by 4 meters

(12 by 15 feet) ill SiZe, With a 35 cm !.quare (one foot square) wooden chute as a roofvent

Produce sUitable for root cellanng
Source Hart 1995

vent-----F;:::r:;::I:;:q

shingle roof

stone path
0t:===H /1

h
II
II

I
I

I--

I,--
I' Iheavy Inner door--II I--

I II r--'1 1.1...1

I I
I I
I I
I I·
I I
, I. :----'==.:I------i

~~~ I
J ..... J I

sodded berm

Apples
Beets
Cabbage
Carrots
Cauliflower
Celery
Chinese cabbage
Endive
Grapefruit
Grapes
Horseradish
Kale
Onions
Oranges
Parsnips
Pears
Peppers
Potatoes
Pumpkins
Rutabagas
Squash (Winter)
Tomatoes (mature green)
Turnips
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STORAGE OF ROOT AND TUBER CROPS

Page 719

Root and tuber crops account for a the maJonty ofhOiticultural crops grown worldWIde for food,

and luclaly, can be easily stored USIng sImple structures The recommended storage condItions

for root and tuber crops are lIsted In the followmg table Potatoes for proceSSIng are best kept at

Intennedlate temperatures to Imnt the plOductlOn of sugars whIch darken when heated dunng

proceSSIng Potatoes meant fOl consumptlOll must also be stored In the dark Slllce the tubel swIll

produce chlorophyll (turmng green) and develop the toXiC alkalOId solanme If kept In the lIght

Potatoes stored for use as "seed" are best stOied In dIffuse hght (CIP 1981) The chlorophyll and

solamne that accumulate WIll aId to plOtect the seed potatoes from Insect pests and decay

orgamsms

TropIcal root and tuber crops must be stored at temperatures that will protect the crops from

chillmg, SInce chillmg Injury can cause Internal brownmg, smface pIttmg and mcreased

susceptIbility to decay

Temperature RH(%) Potential storage duration

°c OF

Potatoes
Fresh market 4-7 39-45 95-98 10 months
Processing 8-12 47-54 95-98 10 months
Seed potatoes 0-2 32-36 95-98 10 months

Cassava 5-8 41-47 80-90 2-4 weeks
0-5 32-41 85-95 6 months

Sweetpotato 12-14 54-58 85-90 6 months

Yam 13-15 55-59 near 100 6 months
27-30 80-86 60-70 3-5 weeks

Gmger 12-14 54-58 65-75 6 months

Jicama 12-15 54-59 65-75 3 months

Taro 13-15 55-59 85-90 4 months
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When stonng potatoes, a field stOlage clamp IS a low cost technology that can be designed usmg

locally avatlable matenals for venttlatlon and msu]atlon TIle example Illustrated here has a

wooden venttlator box and uses clean straw for msulatlon TIle entrre pile of potatoes and straw

IS covered Wlth a layer of soIl, wluch should not be hIghly compacted Gently wettmg the soil

dunng hot, dry penods can aSSIst VIa evaporatIve coolmg

[n very cold regIOns, a second layel of straw and soil can be added [n hot regIOns less soIl IS

needed, but more ventIlatIOn can be added by constructmg dumney type aIr outlets at the top of

the clamp Locatmg the clamp under trees or proVldmg a roof or other protection from ramfallls

a good Idea Ifyou W1ll be stormg produce durmg the ramy season

Bas~1 venlll~lor (degree
of ventilatIOn basal +
chimneys (0 be
determined locally)

1010 J 0 m
cool conditions

FIeld storage clamp

of WIdth

~
<

./
lOro15m /'

hOi COndl(IOnS~ /'

pile of pot;}toe')

dramage
dItch

soli/addItional straw/etc
covering layer

Field clamp/Pit storage

MaXimum storage time 6 months
MaXimum volume 500 kg
Use several clamps If you have
more produce to store

Source CIP 1981
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FOI large quantItIes of potatoes a self-supportmg A-frame storehouse can be constructed A pIt

IS dug about 25m (10 feet) deep and wooden aIr ducts are placed along the earthen flom TIle

Ioof of the buI1dmg IS constructed of wood then covel ed WIth straw and soIl When loadmg

potatoes mto bulk StOl age, make sure the ClOp IS evenly dIstnbuted Uneven loads WIll slow aIr

movement III some areas ofthe storage room and lead to hIgher storage losses

straw bales

pole rafters ...
wood sheathing

Source Umverslty of Idaho 110 date
.ur ducts
(portable)

12'

8'

Omons, garhc and dned produce are best suIted to lo\\- hUlDldity m storage Omons and garhc will

sprout IT stored at mtermedlate temperatures, so IT you can't keep them cold, storage Me will be

greatly reduced Pungent types of omons will store longer than tmld omons, whtch are rarely

stored for more than one month The followmg table hsts the storage condItIOns recommended

for these crops

Storage Conditions
Temperature RH Potential storage duration

Onions

GarlIc

°c OF

0-5 32-41
28-30 82-86

0 32
28-30 82-86

%

65-70
65-70

70
70

6-8 months
1 month

6-7 months
1 month

Dned
fruits
and
vegetables

<10 <50 55-60 6-12 months
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Controlled Atmosphere (C A ) Storage

I1le cost of constructIOn of a CA storage room IS about 5% hIgher than for the same sIzed

conventIOnal cold room CA StOl age IS more expensIve smce the StOl age room must be

completely gas sealed and gas composItIon must be momtored constantly to prevent damage to

the produce Refer to AppendIx C for recommended atmospbenc compOSItIon, temperature and

storage hfe for specIfic commodItIes suIted to CA storage

A lower cost approach for controlled atmosphele storage of pallet loads of produce IS also

possIble usmg a sellll-permanent set-up for creatmg a gas-seal mSlde a conventIOnal cold room

Any number of pallets can be accomodated mSIde a plastIc tent The gas seal IS proVIded by a

small trough constructed of sheet metal laId m a rectangular ;'lattem mto a concrete floor of a

storage structure durmg constructIOn A very thtck (7-nnl) polyethylene sheet IS put over the

pallet load of produce, and the sheet IS sealed by pushmg a long pIece of rubber tubmg mto the

trough

TypIcal layout ofa C A
(cross-sectIOn)

L

Lavout of a sealm the
trough on the storeroom floOl

Source McDonald 1982

cover sheet

concrete
floor

framework

top sheet

p8nel

rubber tubing,
__polyethelene wall

/~-
•• _- .n~)nin x 18mm stainless

steel trough

...... - ......
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COMPARISON OF ESTIMATED COSTS AND EXPECTED BENEFITS RELATED TO
STORAGE OF HORTICULTURAL CROPS

Costs
Storage structure
SUltable packages
TemperaturefRH management
Labor
Power

Benefits
Longer shelfhfe, extended mark.etmg penod
HIgher market pnces due to off-season sales

Example 1 A vanety of edible and decoratIve squash IS grown and harvested m the U S m
Septembel The market pnce dunng September IS $0 25/lb, whIle the pnce durmg the hohday
season (Halloween, Thanksgtvmg and Chnstmas) IS an average of $0 60/lb A SImple
underground storage structure, cooled by the natmal propeltles of soil, deep shade and mght arr
ventilatIOn, IS constructed to store 1000 lbs of squash for up to 3 months (m bulk, stacked on
pallets) Useful hfe ofthe root cellar IS 20 to 25 years Assume that the produce loses 10% ofItS
weight over 3 months, and the remammg 900 lbs IS sold at $0 60/lb

Costs $180 for labor for foot cellar construction
$400 for matenals (treated lumber for frammg, ceI1mg, door, ventilation shaft and fan), floor and
walls are bare soil
Power for fan (runs for 6 hours per mght for 3 months) = $1500

Benefits
(Expected sales durmg the hohday season) - (typical sales m September) =

(900 lbs x $0 601lb) - (1000 x$O 25) =

$540 -250 = $290

The entrre cost ofconstruction ofthe root cellar IS paid for dUllllg the fitst two years ofopelatIon,
each additIOnal year of operation results m an additIOnal profit when produce IS sold dunng the
hohday season $290 - $15 = $275

Example 2
Ash gourd IS grown and harvested m Septembel and October The market pnce dunng tlus time
IS Rs 1 /kg, while the pnce dunng the festIval season m November and December IS an average of
Rs 7/kg A snnple undelground storage structUle, cooled by the natUlal properties of soI1, deep
shade and mght aIf ventilatIon, IS constructed to stOt e 8 qumtals of squash for up to 3 months (Ill
bulk, stacked on pallets) Useful lIfe ofthe root cellar IS 20 to 25 years Assume that the plOduce
loses 10% ofItS weIght over 3 months, and the Iemalllll1g 720 k.g IS sold at Rs 7/kg
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Costs Rs 800 for labor for root cellar constructIon
Rs 6600 for matenals (treated lumber for frammg, cedmg, door, ventdatIOn shaft and fan), floor
and walls al e bare sod
Power for fan (nms for 6 hours per mght for 3 months) = Rs 100

Benefits
(Expected sales dunng the festIVal season) - (typIcal sales m September) =

(720 kgs x $Rs 7/kg) - (800 x Rs l/kg) =
Rs 5040 -Rs 800 = Rs 4240

The entIre cost of constructIon ofthe root cellans paId for dunng the first two years ofoperahon,
each addItIOnal year of operatIon results m an addItIonal profit when produce IS sold dunng the
hohday season Rs 4240 - Rs 100 = Rs 4140

SOURCES OF STORAGE EQUIPMENT AND SUPPLIES

C A eqUlpment

ethylene absorbers filters scrubbers

fans, ventIlation systems

12-volt evaporative coolers, aIr-conditioners,
ceIhngfans

humIdIfiers

hygrometers (to measure RH)

msulatlOn

solar powered evaporatIve coolers

solar powered fans and storage ventIlators

temperature alarm/timer

temperature recorders

Cahforrua Controlled Atmospheres

DeitaTRAK Inc
Ethylene Control Inc
International RIpemng Corp
TUBAMET AG

Industnal VentilatIOn, Inc

Alternative Energy Engmeenng
Jade Mountalll, Inc

McCornuck Fruit Tech
InternatlOnal RIpemng Corp

InternatIOnal RIpenlllg Corp

Reflectlx, Inc

Jade Mountam Inc

Alternative Energy Engllleenng

InternatIOnal RIpenlllg Corp

Morutar Company
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thennometers temperature/RH meters DeltaTrak
internatIOnal Rtperung Corp
McConruck FrUlt Tech
Post-Harvest Technologies

For Addresses/Phone numbers please refer to Appendix D
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PRODUCE TRANSPORTATION

Produce must often be transported as part of fresh handlmg, whether from the field to the

packmghouse, from the packInghouse to storage facility, or to vanous destmatlOn markets

Dunng transport, produce must be stacked m ways that illlD1illlZe damage, then be braced and

secured An open alf velnc1e can be loaded m such a way that alf can pass through the load, and

proVIde some coolmg ofthe produce as the velnc1e moves Travelmg dunng cooler hours (mght

and early mormng) can reduce the heat load on a velnc1e that IS transportmg plOduce

RefrIgerated transport IS lnghly recommended for most penshable hortIcultural produce

Temperature management IS especIally cntIcal dunng long dIstance transport, and proper alf

flow IS the most nnportant factor m ensunng that the load stays cool Loads must be stacked to

enable proper alf clfculatlOn to carry away heat from the produce Itself as well as mcommg heat

from the atmosphere and off the road Transport velncles should be well msulated to mamtam

cool enVlfonments for pre-cooled commodIues and loads should be braced away from the SIde

walls and back door of the traIler

Average lOad temperatures can be much Ingher than aIr tempelatUles dunng hot months of the

year In the western US, road surface temperatures can be 22°C (40 OF) Ingber than the au

temperatUl e, makmg It dJfIicult for refrIgerated velllcles to mamtam recommended temperatures

PART I FRESH HANDLING TECHNOLOGIES FOR HORTICULTURAL PRODUCE



CHAPTER 8 PRODUCE TRANSPORTATION Page 82

C A Transport

avocadoes
stone frUits
pears
mangoes
asparagus
tangerines

TransIt times under these condItIons should be as short as possIble, smce detenoratIOn WIll

mcrease as temperatmes mCIease

MIXed loads can be a senous concern when recommended temperatures are not compatIble (for

exanlple, when transportmg chillmg senSitIve fruIts WIth commodItIes that reqUire very low

temperatures) Try to aVOid thIs SItuatIon, smce eIther some of the produce will be IDJured by

chillmg or some of the produce will detenorate more qUickly than when handled at the

recommended low temperature and your IDvestments m postharvest handlIng technologies will

largely be wasted

Another problem anses when ethylene producmg commodItIes and ethylene senSItIVe

commodItIes are transported together lbgh ethylene producers (such as npe bananas, apples,

cantaloupe) can mduce phys~ologtcal dlsorders and/or Ulldesrrable changes m color, flavor and

texture m ethylene senSItIve commodItIes (such as lettuce, cucumbers, carrots, potatoes, sweet

potatoes) Usmg ethylene scrubbers mstalled m the vehIcle can reduce tllis problem dunng

transport

~ In 1996 only 2 5% of US produce lIDports/exports were shIpped

,)! usmg controlled atmosphere In addItIon to regular shIppmg charges

i,l carners charge a standard flat fee of$1500 ($1 50 per carton for a

,::1 typIcal 1000 carton load) makIng C A transport VIable only for hIgh

I' value commodItIes
I
N
"1
!1 ThIs chapter descnbes postharvest technolOgies for transportmg

IhortIcultural commodItIes VIa open and refrIgerated loads QualIty

'"- ----l: and food safety can be protected by usmg proper loadmg methods

and patterns, recommended features of refngerated vehIcles, and

bracmg technIques We have mcluded a sample calculatIOn of how you can determme the

refrIgeratIOn capaCIty reqUired for transportmg for a specIfic load of produce Completmg the

chapter IS a slIDple example of the costs and benefits of usmg Ice when transportmg produce

deSIgned to aSSIst you to complete the worksheets to deternllne the return on mvestment when

adoptmg specIfic postharvest transport practIces for your operatIOns
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GENERAL DOS AND DON'TS
FOR TRANSPORTING HIGH QUALITY PRODUCE

Do NOT overload vehicles

P'lge 83

Prevent compression damage to produce by avoiding over-filling of
containers (rounded sides or bulge-packing) and stacking heavier produce
at the bottom of the load

Use strong packages (half the stacking strength of a corrugated fibreboard
container can be lost dunng a five day tnp In a high humidity
environment)

Avoid rough handling dunng loading and unloading

When stacking containers, be sure to alhgn them properly (most of the
strength of a corrugated box IS In the corners) A one Inch overhang will
decrease stacking strength by 15 to 34%

Prevent vibration damage by uSing air suspension systems -- these will
provide a more gentle nde dunng transportation

USing sUitable trays,
place packing, use of
plastic bags, container
liners, or placing a soft
pad at the top of a full
box can reduce vibration
damage

Make sure the vehicle
has adequate ventilation
to prevent heat gain
dunng transport

Use a pre-loading
checklist to ensure the
vehicle IS ready to use
successfully

Well alhgned
stack of cartons
ha~ the strongest
..tacklllg. <;trength

pO~"lblc
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DOS AND DONTS FOR REFRIGERATED TRANSPORT

Page 84

Ensure that vehicles are well-Insulated and have doors that seal tightly and securely

Run through the check-list for refrigerated transport before handling each load

Look for recommended desIgn features when purchasing new or used transport
vehicles

Pre-cool refrigerated vehicles to SUit produce requirements

Load only pre-cooled produce Into vehicles from a refngerated dock

Do NOT allow delays when loading on an open dock-- delays will cause heat gain,
especially If produce IS exposed to full sun

Turn off the refngeratlon unrt while loading from a open dock (leaving the unit on
may cause Ice to form on the refngeratlon cOils, blocking air circulation dUring
transport)

Use high quality vented containers and load produce to ensure adequate air
movement through the load to remove the heat generated by produce respiration

Do NOT block air flow under or anywhere else In the load

MOnitor the supply air temperature and the return air temperature for obtalnrng the
best performance of refrigeration Units

Avoid mixed loads If possible, or Install ethylene scnbbers to prevent damage to
ethylene sensitive commodities

Do NOT tranport chilling sensitive commodities when thermostats are set below 12
15°C (53- 59 OF)

Load produce away from the Side walls to prevent heat gain from the external
environment

Make sure mixed sizes of containers or unpalletlzed produce does not block
lengthwise air flow

Do NOT turn off the refngeratlon Unit dunng delays In transport
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Brace the load at least 5 cm (2") away from the sIde walls and at least 10 cm (4")
away from the rear door

Use a portable temperature recorder to venfy temperature management dunng
transport

TRNASPORTATION METHODS

Open Veluc1es Bulk loads ofproduce should be carefully loaded so as not to cause mechamcal

damage Velucles can be padded or hued With a thtck layer of straw Woven mats or sacks can

be used ill the beds of small velucles Other loads should not be placed on top of the bulk

commochty Never stand upon the produce durmg loachng or unloachng

TRANSPORTING OPEN lOADS
Provide a thick layer of insulatIon and cushlomng for bulk loads

Load packaged produce In umform stacks, braced securely to prevent damage

Construct a Wind catcher for moving aIr Into the vehicle dunng transport

ProVide channels for passIve aIr movement beneath and up through the load (exiting
at the rear of the vehIcle)

PrOVide shade for the load WIth a SIlver or light-colored canvas cover

Coohng open loads IS desrrable whenever pOSSible A truck venttlatmg device can be

constructed for an unrefugerated open veIllcle by covermg the load loosely With canvas and

fashtonmg a Wllld catcher from sheet metal The scoop should be mounted at the front of the

bed and should reach somewhat Ingher the the height of the cab High transportation speeds

and/or long dIstance transport dunug dry weather run the nsk of causmg excess drymg of the

crop
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Ventllatmg systems have been desIgned for hauling bulk loads of fresh produce TIle first

IllustratIOn shows a metal wlIld catchmg devIce which fimnel,> mr 111to a load covered by a canvas

~heet The second e'-.ample \\ <1<; desIgned by R KaSIl1lre to transpOIt fresh fava beans III Iran

TIle wmd catcher and duct,> \\ el e constructed usmg wooden crates After removmg theIr end

panels the crates were WIred together I11to the pattern ShOWl1 below AIr flows upward through

the load dunng transport, helpmg to keep the produce from overheatmg TIllS system has also

been used m pick-up trucks and for haulIng bulk. gleens and green beans Best results are

obtamed when transportmg durrng the early mornmg hours, before sunnse

WIND INTAKE

Source Pantastlco 1980

SIDE VIEW

CANVAS COVER
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Portable Fleld-to-Market Coolers

P-.ge 8 7

TIus sImple traIler cooler was constructed usmg a room-sIzed aIr condltlOnmg umt powered by a

dIesel generator and an msulated storage bo,", The traIler can eIther be bUIlt as a umt WIth wheels

or the cooler can be loaded upon a pre-eXlstmg wagon or low-boy traIler

The cooler IS desIgned to be loaded at the field durmg the monung hoUls (\\hen the aIr

temperatures and produce temperatures ale relatIvely low) and used to pre-cool produce dunng

the penod between halvest and pack..mg or between field-packmg and nnmedlate marketmg

Atr CondItIoner

Insulated Box

Generator

View from
th.e fear or
the (faller

Ramp
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SlmJlaJ ly an Illsulated COOIcI box \Va" designcd bv MCJIa (1991) to fit Illto a long-bed pick-up

tJUck Two ~tandaId pallet loads of plOduce C,1ll be cooled to 5 °C (40 OF) III about 4 hours from

etI1 etmblult alT temperatUie ot 29°C (85 of) MCJld'" deSign u"es a stdtlOnery 3 ton mobile homc

air condIt!omng umt to winch the cooler bo'\ IS connected after bemg loaded With produce III the

field Once produce IS cooled the bo'\ IS sealed and tl ansported to market

REFRIGERATED TRANSPORT

Small-scale postharvest cold transport can be accomplIshed usmg a cargo van fitted With a h1gh

powered aIr condItIOllIng system If a pre-cooler I" not avaIlable, a 4000 to 5000 Btu Window

model aIr conditIOnmg urnt can cool produce by ]7 °C (30 OF) compared to the outs1de air

temperature It IS a good Idea to hUmIdIfY the enVIronment by mIstmg the aIr With cpol water 01

covcnng open crates of produce With wet towels or wet burlap cloth

The condltlOn of the mSIde of a refrIgerated traIler affects ItS ability to mamtam desued

temperatures dunng transport When Ientmg, leasmg or hmng an ..ndependent vemcle to transport

your produce, you should always mspect the traIler before loadmg, and check these features Any

damage WIll let heat ill and make temperature management much more drfficult Even when the

buyer pays for slnpment, checkmg for problems WIll save you tIme and money by helpmg you aVOId

losses and produce damage dunng transport

•

Door seal damage?

Load bars used to secure load?
Trailer precooled before loadmg?
Refngerahon unrt operates saltsfactonly?

\

Air delivery chute Intact?

\

:'/
II

~ ,Ii

----r=~1;;;;~;L-_~1(-:""';--~iI S,d, doo"..",hl'
II U Door damage?

--------_.... 'VI
I I r:!. r 'I

~
' I Wall damage?

/
=. ~t/:1/'._:~I/! r, n-~~ ~~~ I I=_L-..~~ . ~LJ. ~jJ~~~, 'I Front bulkhead

===::::::;t======"?~\=='-"==~ Installed?
/ \ - ~ I

Floor clean? Floor drains open (clean)?

InSide Width adequate tor load?
InSide height adequate for load?
Door height adequate for load?

Source Kasmlre and Hm~eh 1987
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Refugeratlon Systems Components (Source Kasmll e and Hmsch 1987)

For Optimum Transit Temperature Management,
Refngerated Trailers Need These Features

T floor or other
deep floor for
adequate return
air space under
thp load

Insulated walls
doors floor and
ceiling

~ AIr del,lvery duct

~__~~=~_=~~~~~L~~~-~~~
-------- ------------ --

/
: Temperature

lD
I sensors m supply
I and relum air

n I streams
6 : (Thermometer)

I

-lSolid front return
I air bulkhead

Large area
evaporator cOil for
high relative
humidity

Curved bottom :jl1~~li;;;;I;!~;i;;I!!II~~~~~edge of bulkhead

Wmd deflector to
"tum" air upward

High capacity fan
capable of
CIrculating 2000
cfm at 1 5 static
pressure

II
~~Pre-cooling vehIcles before loading II,

~,"fVehicles to be loaded at refngerated docks should be pre-cooled to their deSired
II

thermostat set POint ~I

Vehicles to be rapidly loaded (15 to 20 minutes) at non-refngerated docks should 11

be pre-cooled to about 2 °c (5 OF) above their deSired thermostat set pOint III

Vehicles that WIll be loaded siolfllly (30 minutes or more) at non-refngerated docks :~

should be pre-cooled to about 2 0 C (5 OF) lower than a temperature halfway
between ambient air temperature and the deSired set pOint

ThiS WIll prevent accumulation of excess mOisture on the vehicle sinner sunaces and
reduce subsequent cycling of the refngeratlon unit

Source Picha 1997

Ii
'-::---;:--::-----------------------------:::;---'j,
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Estlmatmg RefrIgeratIon Requn ements

Page 810

Ifyou evel have any doubt that a refrIgerated velucle IS ofadequate capacIty for the load you want
to transp011 calculate the number of Btus ofheatload that must be handled by the refugerattOn
system to keep the load cool Ashby (1995) contams all the tables and sample calculatIOns to
assIst you to calculate heatload for your commochty and smtattOll

Frrst you WIll need to calculate
I) Bf the amount offield or sensIble heat left In the commodIty and the package When produce
IS properly pre-cooled, tills IS very low, smce the temperature dtfferentlalls low

Hf (Btu)=
specific heat of the produce & container
x weight of the produce & container
x temperature differential

2) Hr the produce's heat ofresprrattOn

Hr (Btu) =
respiration rate at average transit temperature
x time (an days)
x weight (an tons)

3) m the amount of heat leakage through the walls and floor of the tralier Heat transfer
coeffiCIents have been calculated for specIfic vehtcles by therr manufacturers, and depends on
many thIngs mcludmg type and thtckness ofmsulattOn, SIZe and shape ofthe vehtcle As a vehtcle
ages and msulatIon breaks down, the coefficIent tends to mcrease The estIIDate ofheat transfer
for a new 48-foot trailer WIth 2 5" of foam SIdewall msulattOn IS 140 Btu! degree °Flhour The
temperature dIfferentIal refers to the dIfference between the thermostat settmg and the average
outsIde temperature

HI (Btu) =
the coefficIent ofheat transfel
x temperature dIfferentIal
x tIme (hours)

4) How much heat can be absorbed by the refrtgerant you are usmg

Mechamcal refugelattOn wuts are rated accord1l1g to the number of Btus per hour the umt can
remove when the temperature IS 100 OF outsIde versus 35 OF mSlde the traIler

One pound ofIce WI]] absorb 144 Btus ofheat
One pound ofhqUld mtrogen wtll absorb approxnnately 175 Btus ofheat

PART I FRESH HANDLING TECHNOLOGIES FOR HORTICULTURAL PRODUCE
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Sample calculatIOns for a load of produce
Use these tables to calculate the amount ofrefugeratIOn needed to cool your load ofproduce

SpecifiC heat above freezing for selected penshables (from ASHRAE 1990)
Apples 087 Btu/lb I of
Cantaloupe 0 93
Green beans 091
Grapes 086
Potatoes 0 82
Summer squash 095

Approximate Heat of Respiration (from ASHRAE 1990) In Btusl ton 124 hours

Apples
Cantaloupe
Green beans
Grapes
Potatoes (cured)
Summer squash

32 of
700

1200
7250

600

2700

40 of
1350
2050

10300
1200
2600
3600

60 of
4900
7950

38100
3500
4850

18250

70 of
5700

12000
49200
7200
6950

20050

AssumptIOns
Assume a refugerated 24 ft trauer WIll be loaded WIth apples m 30 lb fiberboard boxes The
trauer can hold 600 boxes, for a total plOduce weIght of 18,000 lbs (9 tons) The boxes weIgh
2 lbs each, so the total weIght of the boxes IS 1,200 lbs The specIfic heat of most wood and
fiberboard boxes 15 0 44 Btu / lb / OF

The specIfic heat ofthe apples IS 087 Btu! lb ;0 F, at a loadmg temperture of 52 OF The desned
load temperature IS 32 OF and the thermostat IS set at 34 F to aVOid freeZlllg damage Average
load temperature IS assumed to be 40 OF TranSIt tlllle IS three days durmg wInch outsIde average
aur temperature IS 75 OF The heat transfer coefficIent fm the trauer IS 80 Btu;oF / hour

Hf(apples) = 087 Btu / lb /oF x 18,000 lbs x 20 OF = 31,320 Btus
Hf(boxes) = 0 44 x 1,200 x 20 = 10,560
Hf(total) = 41,880 Btus

Hr = 1,350 Btu / ton /day x 3 days x 9 tons = 36,450 Btus
III = 80 Btu / OF /hour x (75 °F_ 34 OF) x 72 houts = 236,160 Btus

Hf(total) + Hr + ill = the amOutlt ofBtus the refugeratlOn umt must remove ill three days
41,880 + 36,460 + 236,160 = 314,500 Btus

Amount ofmechanIcal refugeratlOn needed = 314,500 Btu / 72 hours = 4368 Btu! hour
Amount ofIce needed = 314,500 Btu / 144 Btu / lb = 2,1841bs
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Refrigerated VehIcles-- Pre-loadIng Checklist

_ RefugeratlOll urnt operatmg properly?

Thennostat calIbrated?

_ Refugeratlon arr chutes and ducts propelly mstalled and m good reparr?

_ Door seals m good condItIOn?

_ Doors seal tIghtly when closed?

Walls free ofcracks and holes?

Front bulkhead mstalled?

_ Floor drams open?

InsIde ofvehtcle clean and odor-free?

_ Floor grooves free of debns?

_ InsIde heIght, WIdth, length adequate for load?

Load braces and other devIces avatlable to secure load?

_ Is the vehtcle trailer pre-cooled (or pre-warmed)?

Source Ashby 1995

PART I FRESH HANDLING TECHNOLOGIES FOR HORTICULTURAL PRODUCE

P'lge 812

•



CHAPTER 8 PRODUCE TRANSPORTATION

STACKING PATTERNS/PALLET AND SLIP SHEET LOADS

Page 813

Contamers should be loaded so that they are away from the sIde walls and the floor of the

tl ansport vehIcle ttl order to muumlze the conductIOn ofheat from the oUblde envrronment In the

dIagrams below the numbers of cartons Iefer to how many cartons would be ttl contact WIth the

walls and floor ofthe truck when fully loaded

Only the load on the bottom nght IS fully plOtected fiom heat transfer The use of pallets keeps

the cartons off the floor whtle centel-Ioadmg leaves an msulatmg an space between the pallet

loads and the outsIde walls

LOAD ON SLIP SHEETS

198%

I I
I I

I I
I I

1 I
I I

1 I
I I

15. cartons

146%

1 " I
I I

1 I
I I

I I
I I_ I

I I
I I

52%

I 1
I I

I I
I I

I 1
I I

I T
I I

so cartons

0%

I 1
I I

I 1
I I

I 1
I I

I -I
I I

113 cartons LOAD ON PALLETS o cartons

SIDE LOADED

Source Asbb} B H et aI 1987

CENTER LOADED
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BRACING 1 HE LOAD

rhere should always be an aIr space between the last stack of produce and the back of the

transport vehIcle The load should be braced to prevent sillftmg agamst thl- I car doOl dllllllg

transIt If the load ShiftS, It can block aIr cIrculatIOn, and fallen cartons can pi esent gl eat danger

to workers who open the door at a destmatlon market A SImple wooden brace can be

COllstmcteg and lllstalled to pI event damage dunng transport

Wooden brace (rear door)

------
------- ------

------

E\.'temal wall of
trailer

---------
Wooden braces for sIde walls

can be used, but they are heavy

and can become expensIve to

build and transport AIr-filled

bags made of vmyl can proVide

excellent bracmg ang 5 em of

added IIlSUlatlOll (2" tlllck)

agamst side walls The bottom

of the pallets are braced \\11th

wood bloeb to prevent load

shlftmg

( (
\

WOOdLII

block
brace

Vmyl air bag

PART I FRESH HANDLING TECHNOLOGIES FOR HORTICULTURAL PRODUCE



CHAPTER 8 PRODUCE TRANSPORTATION Page 815

COSTS AND BENEFITS OF USING ICE FOR COOLING DURING TRANSPORT TO
MARKET

Costs
Ice
Reduced amount ofproduce per load
(all other expenses are assumed to be the same)

Benefits
Reduced water loss
Reduced decay rates
HIgher quahty dunng mal ketlllg
Longer shelfhfe

Example 1

1/2 ton pIck-up load oftnlXed lettuces
cattons @ $2 50 each (20 Ibs/carton)
lCe ($0 50/10 Ibs) $0 05/lb
water loss/decay rate

losses

Produce avatlable to sell

With Ice

7501bs
38 cartons = $95
250 Ibs = $12 50
5%
(37 50 Ibs)

7125Ibs

no coohng

10001bs
50 cartons=$125

o
10%
(1001bs)

9001bs

Quahty grades

Market value
Costs contalllers

Ice

htghest ($1 19/1b)
second ($0 69 Ib)
lowest ($0 25/lb)

90% =$742)
10% =($49)
0%

$812
($95)
($1250)

60%=($535)
30%=($186)
20% =($45)

$766
($125)
o

PotentIal net sales per load $70450 $641

USE OF ICE DURING TRANSPORT
Remember to consider the added weight of the Ice when calculatmg vehicle loads

Use package Ice or apply Ice m channels or windrows (do not block air flow by
applying In a uniform solid layer)

Avoid setting the thermostat too low In a refngerated vehicle (below 2 °C or 35 °F)__
thiS will cause Ice to freeze solid and create a bamer to air flow
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Example 2 Transportmg fresh peas III wooden crates from Punjab to GUJarat State III December

WIth Ice no coolmg
Mal ket locatIon GUJalat PwlJab

open load offresh peas 500 kg 700 kg
crates @ Rs 20 (20 kg/crate) 25 crates= Rs 500 35 crates = Rs 700
Ice (Rs 25/100 kgs) Rs 0 25/kg 250 kg = Rs 65 0
water loss/decay rate 5% 15%

losses (25 kg ) (105 kg)

Produce avaIlable to sell 475 kg 595 kg

Market value Rs 20/kg Rs 5/kg
Rs 9500 Rs 2975

Costs contamers (Rs 500) (Rs 700)
Ice (Rs 65) 0

PotentIal net sales per load Rs 8935 Rs 2275

Profits wtl1 depend upon the cost oftransport Fees for freIght can be qUIte lngh (up to Rs 6000
per load) before the use ofIce for coolmg peas 111 December becomes unprofitable

PART I FRESH HANDLING TECHNOLOGIES FOR HORTICULTURAL PRODUCE
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SOURCES OF TRANSPORT EQUIPMENT AND SUPPLIES

Page 817

ethylene absorbers

ethylene scrubbers

Ice-packs Ice wraps
freezable gel-filled or water-filled bags
"cool guard"

loadmg gUIde

num-reefers (sltp In cooler for pick-ups)

refngeratlon system

temperaturelhunudtty data loggers

temperature recorders

therma-cover

transport servtces

DeltaTRAK Inc

TUBAMET AG

Aladdm Industnes Inc
Cargo Technology Corp
IFC

TransFRESH Corp

CMF Corp

Carner Translcold

DeitaTRAK Inc
Dickson
Sensltech Inc

DeltaTRAK Inc
Dickson

ThermaGard, Inc

Roadway Express
SeaLand SefVlce, Inc

For addresses and phonelF '\X numbers for supphers please refer to Appendtx D
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POSTHARVEST INTEGRATED
PEST MANAGEMENT

Many of the practIces descnbed so far m Part I are valuable because they help reduce pest

problems durmg postharvest handlmg, st01age and marketmg The first lme of defense agamst

msects and dIsease IS good management durmg productIon Momtonng to determme actual pest

levels and a combmatIon of appropnate genetIc, bIOlOgIcal, cultural, phYSIcal and cheIDlcal

controls IS usually enough to prevent senous pest damage The second defence IS careful

harvestmg and preparatIOn for market m the field, smce most dIseases can't gam a good start

WIthout easy entry through cuts, bruIses or mJunes Next, sortmg out damaged, over-npe 01

decaymg produce WIll hmIt contammatIOn ofthe remammg, healthy produce Fmally, even when

the greatest care IS ta1..en, sometlllles prodJce must be treated to cOntrol msects or decay-causmg

orgamsms

Postharvest IPM Tools

Genetic pest resistance
Biological yeasts, antagonistic bactena
Cultural samtatlon, decrease mechanical damage
PhySical sorting, heat treatment, temperature and

RH management
Chemical chlonnated wash water, pesticides 1
L--~-:-- :;-- ---;-_-,.-----,~1

i I' oil .;'

PART I FRESH HANDLING TECHNOLOGIES FOR HORTICULTURAL PRODUCE



CHAPTER 9 POSTHARVEST INTEGRATED PEST MANAGEMENT P1ge 9 2

TIus chapter wl1l reVIew some ofthe postharvest technologIes related to pest control and outlme the

practIces recommended for postharvest Integrated Pest Management (IPM) Also provIded IS

mfonnatlon that WIll help you to Identrf)r pest problems and Implement specIfic posthan est IPM

methods and treatments

GENERAL DOs AND DON'Ts FOR POSTHARVEST IPM

Consider the entire system (production, harvest, postharvest and marketing) when
developing pest management strategies

PRE-HARVEST
Begin With cultlvars offering some natural resistance to the pests you expect to have to
deal With In your region

Plant only good quality, clean seed or stock

Use appropriate cultural practices dUring production to assIst the produce to avoid
and/or resist pest attack (proper planting denSity, fertilization, Irrigation, pH modificatIon,
weeding, pruning, thinning, ventilation/air movement through the canopy)

MOnitor fields/orchards to determine actual pest levels before Implementing pest
controls

Use a combination of appropnate pest control methods (biological control, chemical
pestiCides, protectants, sanitation practlce5)

Keep fields and orchards free of debns and discarded produce Eradicate diseased
produce

HARVEST
AVOid damage dunng harvest by handling produce gently

Harvest at the proper matunty for produce to have the maximum resistance against
pests

Use sharp, clean tools for harvest and trimming processes
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Do's and Don'ts continued

Page 9 3

CURING
Cure root, tuber and bulb crops to heal harvest wounds and Increase resistance to
pests

PACKINGHOUSE
Sort to remove any damaged, decayed over-mature or under-npe produce

Wash or clean produce to remove sOil and debns and to reduce the amount of
Innoculum on surfaces

Tnm senescent leaves from vegetables and remove dned flower parts from frUits

Use appropnate postharvest treatments to manage pest problems (chemicals, heat,
hot water, pesticides)

PACKING
AVOid over-use of liners that constnct air flow In the package and contnbute to
condensation (free mOisture) and poor cooling efficiency

Use ventilated plastic bags as liners for produce highly susceptible to water loss

STORAGE
AVOId ethylene damage to senSitive commodities by uSing ethylene scrubbers and
aVOiding mixed lots of produce In storage

Keep produce at ItS lowest safe temperature for maximum pest management

AVOId chilling Injury by keeping senSitive commodities at appropnate moderate
temperatures

Keep leafy vegetables, carrots, and cool season vegetables at very hIgh relative
humidity (98-100%) to reduce incidence of decay

Store certain frUits at slightly lower RH than commonly recommended In order to
reduce decay

Store onions and garlic at low humidity to reduce decay (60-70% RH)
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Most diseases cannot gam a good start
without your help
• wounds, cuts, bruises
• chilling Injury
• free mOisture on produce surface
• advanced stages of npenlng or senescence

Common PosthaIVest DIseases

FUNGAL DISEASES
A variety of fungal diseases cause the greatest market and storage losses

P'lge 94

Disease organism

Altemarla black rot
Alternaria rot

Black rot

Blue mold

Bitter rot

Brown rot

Buckeye rot

Bull's eye rot

Cladosporium rot

Crate rot

Fusarium tuber rot

Fusarium Wilts

Fusanum rot

SCientifiC name

Altemana crtn
Altemana altemata
Altemana sp

Physalospora obtusa
Endocondlophora fnmbnata

PeniCillIUm expansum
PeniCillIUm rtahcum
PeniCillIUm sp

Glomerella cmgulata

Monohnla fructlcola

Phytophthera sp

PeZlcula mallcort/cus

Cladosponum hebarum

Rhlzoctonla carotae

Fusanum spp

Fusanum spp

Fusanum spp

Affects these crops

CitruS
tomatoes peppers
stone fruits

apples pears qUinces
sweet potatoes

apples pears qUinces
CitruS
grapes bemes stone fruits

apples pears qUince

stone frUits

tomatoes peppers

apples pears qUince

grapes small fruits

carrots

potatoes

potatoes

leafy vegetables root crops
onions melons beans
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Fungal diseases continued
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Disease organism

Gray mold

Green mold

Late blight

Rhlzopus rot

Sour rot

Stem end rot

Watery soft rot

White rot

SCientific name

Botrytls cmerea

PemCllllUm dlgdatum

Phytophthora mfestans

Rhlzopus sp

Rhlzopus st%mfer

Geotnchum candldum

Phomopsis cdn
Dlp/odla nata/msis

Sc/erotmla sc/erotlOrum

Botryosphena nbls

Affects these crops

grapes bemes stone frUits
tomatoes peppers leafy
vegetables root crops
onions melons beans

CitruS

potatoes tomatoes peppers

leafy vegetables root crops
onions melons beans
sweetpotatoes

tomatoes peppers grapes
bemes stone fruits

CitruS stone fruits
tomatoes peppers

CitruS
CitruS

leafy vegetables root crops
onions melons beans

apples pears qUince

Bactenal Diseases
In general bactena cause few losses In tree fruits or small fruits Potatoes are highly
susceptible to bactenal disease Vvhen Injured dunng harvest or handling The followmg
bactenal diseases are most common and cause the greatest market and storage losses

Disease organism

Bactenal soft rot

Brown rot

Ring rot

SIImy soft rot

SCientific name Affects these crops

Erwmla sp Leafy vegetables root crops
beans omons peppers
melons cucumbers tomatoes

ErwlnJa carotovora potatoes

Pseudomonas so/anacearum potatoes

Comybactenum sepedonJcum potatoes

C/ostndlUm spp potatoes
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Viral and Nematode Diseases
These tend to be uncommon and of minor Importance Vv1th the folloVv1ng exceptions
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Disease organism SCientific/common name

Net necrosIs potato leaf roll ViruS

Root knot nematode MeloJdogyne spp

Source MolIne 1984

PRE-HARVEST AND HARVEST PRACTICES

Affects these crops

potatoes

potatoes carrots root crops

GenetIc Factors and Plantmg

Begm by plantll'g cultlVars offermg some natural reSIstance to the pests you expect to have to

deal With .n J our regIOn Plant only good quahty, clean seed or stock Paymg more for certIfied

seed or plantmg matenals WI1l pay offm reduced costs for pest management and lower losses due

to dIsease

Genetic resistance to pest problems differs by vanety

Problem Low or no resistance Good to high resistance

Potatoes Gangrene' 'Blanka' 'Golden Wonder'
'Gracia
'Vanessa'

Bernes Botrytls cmerea soft vanetles firm fruited vanetles

Onions neck rot sweet vanetles pungent vanetles

FIeld and Orchard Management

AI) dIscussed III Chapter 2 keepmg the field and OIchard clean wlll prevent the bmldup of pests

and dIsease orgamsms and mmnmze the opportUl1lties for the produce to be attacked Keep

fields and orchards free of debns and dIscarded produce EradIcate dIseased produce by bummg

or removmg waste US1l1g applOpnate cultural practices dunng productIOn wJ11 aSSIst the

produce to aVOId and/or resIst pest attack Proper plantmg denSIty wlll reduce susceptIbIlIty to

pests, aVOldmg over-fertIlIZatIOn and over-IIllgatIOn Will keep plants healthy You may need to

prune to ensure proper ventIlatIOn and adequate aIr mOvement through the canopy Th1l1111l1g not
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only Improves fruIt sIZe and quahty, but protects trees from damage caused by over-weIght

branches

Momtonng pest levels dunng productIon can save you a lot a expense by hmItmg your treatments

to those that are actually necessary for pest control Samphng ktWlfrmt sepals 4 months after frmt

set for BOtlytlS cmelea (giay mold) can predIct mCldence m storage Ifless than 6% offrmts are

determmed to be mfected no pre-harvest fungICIdes ate reqmred (MlchaI1Ides and Morgan 1996)

MATURITY AT HARVEST AND PEST MANAGEMENT

HaIvestmg at the ploper matunty Will ensure that produce has the max.Imum level of natural

protectIOn agalllst pests and diseases As dIscussed m Chapter 3, thIs moment wtll dIffer for

vanous commodItIes Under-mature and over-npe produce IS often more susceptible to dIseases

and msect damage than produce at pnme matunty As produce npens, the flesh and sktn softens

and offel s less plotecttoll agamst pests And when produce bmlses more easily pests are allowed

easy entry

TEMPERATURE AND RH MANAGEMENT

The nnpOItance ofproper coolmg cannot be over-emphasIZed Chapter 6 provIdes many examples

ofhow reducmg temperature also reduces dIsease problems

Remember
Senous disease
problems can result
from over-cooling
chilling sensitive
commodities

mfection

Handle and StOI e at proper RH WhIle htgh hUll11dlty m the storage envrronment IS tmportant for

mamtenance of hIgh quahty produce, free water on the smface of commodltes can enhance

gernnnatton and penetratILll by pathogens When cold commodIties are Iemoved from storage

and left at htgher ambIent temperatures, mOIsture from the surroundmg warm an condenses on the

colder product's surfaces A temporary mcrease m

ventilattoll late (usmg a fan) or mcreasmg exposure of

the commodIty to dnel au can help to evaporate the

condensed mOIsture and to I educe the chanc~s of
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Decay In fruits can be Increased If free water IS avaIlable from condensation and dnps
onto the produce These fruits and vegetables will decay less when held at a lower
RH than the typical recommendation of 95-99% (Spotts, 1984)

apples
grapes
pears
persimmon
squash (winter)
strawberry
sweetpotatoes

88% RH
60%
90-95%
75-83%
40%
85-90%
79%

Remember, also, that mcreased rootmg and decay will occur m omons and garhc when these

crops are handled or stored ill a htgh hunndity envrronment

POSTHARVEST TREATMENTS

Heat and Cold

Certam fungt and bactena m therr gernnnatIOn phase are susceptible to cOld, and mfectIOns can

be reduced by treatmg produce With a few days of storage at the coldest temperature the

commodIty can Withstand w1thout mcurnng damage Rhl=OPUS stolomfer and Aspergillus mger

(black mold) can be killed when gernnnatmg by 2 or more days at 0 °C (32 OF) On the other

hand, bnefhot water dIpS or f01ced-arr heatmg can also be effective, especIally for reduclllg the

lll1crobial load f01 crops such as plums, peaches, papaya cantaloupe and stone fruItS

sweetpotatoes and tomatoes See Chaptel 4 f01 speCIfic recommendatIOn for heat treatments 111

the packmghouse

Cold treatments can contlOl some 111sect pests and ate currently used for the control offrult flIes

Treatment reqUIres 10 days at 0 °C (32 OF) or below or 14 days at 17°C (35 OF) or below so

treatment IS only SUIted to commodlttes capable of Wlthstandmg long-term 10w-temperatUI e

storage such as apples pears, glapes ktWlfruIt and perSImmons For produce packed before

cold st01age treatment, package vents should be sCleened to prevent the spread of111sects dunng

handlmg

PART I FRESH HANDLING TECHNOLOGIES FOR HORTIClJLTURAL PRODUCE



CHAPTER 9 POSTHARVEST INTEGRATED PEST MANAGEMENT Page 9 9

ConttOl ofstOJage m...ccts m nuts and dned fullt,> and vegetable,> can he acilleved by fieezmg, cold

stOJage (less than 5 °C OJ 41°f) heat tleatments 01 the e'\.c1uslon of o'\.ygen (0 5% or lower)

usmg IlItrogen Pad..agmg IJ1 lJ1sect-ploot l,ontamel'> IS needed to IHe\ent subsequent msect

mfestatIOn

Hot watel dIps or heated au can al:"o be used fOJ dnect conttOl of postharvest msects In

mangoes an effectl\ e tl eatment IS 46 -+ °C fOI 65 to 90 mmutes dependlllg on sIZe FruIt should

not be handled unmedlateh aftu heat treatment \Vhene\er heat IS u:"ed \\lth fiesh ptOduce clean

cool watel showers 01 tOJ ced cold dU should be prO\ Ided to help retum the fruIts to theu optImum

temperature as soon a:" pos~lble aftel completIOn of the treatment Refer to the cunent U~DA

4PHIS Plant P,otectron QUal antme r, eatmel/t Manual for the latest mfonnatton and detaIls on

heat treatments

SANITATION

Washmg prodnce \\11th chlonnated water can prevent decay caused by bactena mold and yeasts

on the surface of produce CalclUm hvpocWonte (powder) and sodIUm hypocWonte (hqwd) are

mexpenSIVe and Widely available The effectIVeness of the treatment WIll be decreased IT orgarnc

matter IS allowed to budd up m the wash water The effectiveness of cWonne mcreases as pH IS

reduced from pH II to pH 8, bm at lower pH cWonne becomes unstable

FruItS and vegetables can be

washed With hypochlonte solutIOn

(25 ppm available chlonne for two

mmutes) then nnsed to contlOl

these commoditIes can be dIpped

111 hypochionte solutIon (50 to

70ppm available chlonne) then

nnsed With tap water for contI 01 of

bactena yea"ts and mold... r 0110\\

local regulatIons 011 dl~po,>al of

chlonuated waste watel

2345678 9
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PESTICIDES

A wide vanety of chemicals are available for postharve<;t pc"t managemcnt They are uscd m

vanous ways-- as dIps, sprays, dusts or apphed on a pad of absOlbent papcr Alway" follow ldbel

mstructlOns and be aware that recommendations for use may dlffel by state and commodIty

When usmg chemIcal pest controls you need to consider cost avmlblhty, regulations for proper

use, and resIdue tolerances Recently many chemIcal controls have been banned due to concems

over resIdues and the possIble consequences for human health Others, such as benamyl are no

longer regIstered for postharvest applIcatIOns Whenever possIble It IS a good Idea to try to

reduce your relIance on chel1l1cal controls

/
"

When usmg chel1l1cals m solutIOn m the field on pack1l1ghouse, make surc you get good coverage

by ~pplymg to the nm-off stage Always use potable water for spraytng- recent C}clOSPOl a

outbreaks lU raspbenles m Guatamala were traced to contammated water used to apply

pestiCides The low cost, sllllple eqwpmcilt Illustrated here car ensure postharvest chemicals are

apphed as mtended The tray has perforatIOns on the base to allow the solutIon to dram and the

produce to dry before further handlmg

Some plant matcnal" are llseful as natUl al pestlclde~ TIle pe<;tIudal properties of the seeds of the

neem tree (as an oIl or aqueous e'\.1ract) are becommg mOle WIdely known and used throughout

the world Native to India neem (A:::adllachta mdlca) acts as a powerful pestiCide on food crop~

but appeal s to be completely non-toxIc to humans mammal" and beneficlalmsects (NRC 1992)

Any "natural pestICide" must be shown to be safe for humans before Its approval by regulatof\

authollues
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BlOneem (developed by Rmgel Corp Mmneapohs MN US) currently has EPA registratIOn III

all US states except AZ CA and NY but only for use on omamentals TIle EPA has also

approved a neem-based bIOlogical pestIcIde developed by Tata ad Mills Ltd (TOMCo) for use

on a WIde range of food crops fuuts and grams dunng productIOn We e'\.pect to hear more

about thiS blO-pestlclde ltl the ne'\.t few ye31 sand e\ entually to be able to use It safely III

postharvest hortlcultlll e applications
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CONTROLLED / MODIFIED ATMOSPHERE TREATMENTS
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For commodItIes that tolerate 111gh CO2 levels 15 to 20% CO2-ennched aIr can be used as a

flu'1gIstat-to- comr~l decay-causmg pathogens, SUCh as Eot71lS c"'e"'e{1 on stra"'b~)' bluebell)'

blackbell)' fresh fig and table grapes dunng transport See Chapter 5 for a descnptlon of the

method for modIfied atmosphere packagmg Wlthm a pallet cover

Low O2 andiOl hIgh CO2 have been used to kill ceitam msects m commodItIes that can to]elate

these condltIons The effectIveness of msectIcidal atmosphel es depends upon the temperature

relatIve humIdIty, duratIon of exposure and hfe stage of the msect The followmg are some

examples from MItcham et al (1997)

insectICIdal atmospheres (05% or lower O2 and/or 40% or lngher CO2) have been shown to be
an effectlVe substItute for methyl brOmIde fumIgatIon to dlsmfest dned fruIts, nuts and vegetables

The first and tOOd mstars ofthe greenheaded leafroller (PlanotOl tnx excessana) and the first and
fifth mstars of the brownheaded leafroller (Ctenopseustls obilquana) and the lIght brwon apple
moth (Eplphyas postVlttana) are completely killed m 2 months when apples are stored at 0 5 °C
ill 3% O2 and 3% CO2

The eggs of the apple rust lll1te (Aculus schlechtendab) and the European red lll1te (Panonychus
ulnu) are kIlled ill 5 3 months when apples are stored at 28°C m an atmosphere of 1% O2 and
1% CO2

Codlmg moth larvae (Cydw pomonella) are killed ill 3 months when apples are stored at 0 °C,
1 5-2% O2 and less than 1% CO2

In kIWIfruIt the adult two-spotted spIder mIte (Tetwn}chliS urtlcae) IS kIlled by 40°C 04% O2

and 20% CO2 m only 7 hours

Wllen perSImmons are stored at 20°C 0 5% O2 and 5% CO2, the tlmd ll1star of leafrollers
(PlanotOl 111\ e\cessana) IS kIlled 111 4 days and the larvae and adult mealy bug (PseudococCliS
longISpl/lllS) IS kIlled 111 7 days

Sweetpotato weeVIl (CJ, las jornllcallus eleganlulus) has been controlled at ambIent temperature
111 stored tIopIcal sweetpotatoes by treatment WIth low oxygen and 111gh carbon dlO'\.Ide
atmosheres At 25°C (76 OF), storage 111 2 to 4% O2 and 40 to 60% CO2 results 111 100%
mortahty of adult weevIls m 2 to 7 days

Codhng moth (Cydw pomonella) m stone frUlts can be controlled at 25°C (76 OF) by usmg
atmospheres of 0 5% oxygen and 10% carbon dIOXIde for 2 to 3 days (adult or egg) or 6 to 12
days (pupa) Nonnal color and firmues!:> changes dunng npenmg are not affected by treatment
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COSTS AND BENEFITS OF POSTHARVEST IPM PRACTICES

Costs
matenals
labor
power

Benefits
reduced decay rates or Insect losses
longer shelfltfe
Improved qualIty
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Example 1
Haivest 1000 lbs ofgreen beans, sort, cool and pack beans for marketmg m Caltforma Wlthm one
week Postharvest IPM m thIs case Involves a qUIck hot water dIp to reduce dIsease problems
dunng stOlage and marketmg

Mmnnal pest controls Postharvest IPM

labor for harvest (5 hours at $7 50/ln)
labor for sortmg/gradmg
hot water treatment (05 mmutes at 52°C)
ICe bath
postharvest losses

amount avaIlable to market

market value

costs labor
pest control

PotentIal net sales

$J5
$12

20%

8001bs

$050/lb
$400

($47)
o

$353

$35
$12
$10
$10
5%

950lbs

$0 79/lb
$750

($47)
($20)

$683
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Example 2
Harvest 400 kg offrench green beans sort cool and pack beans for marketmg m IndIa W1thm one
week Posthalvest IPM m thIs case lllvolves a qUIck hot water dIp followed by an Ice bath to
reduce dIsease problems dunng storage and marketmg

Mlllimal pest controls Postharvest IPM

labor for harvest (6 hours @Rs 80/day)
labor fOt sOttmglgrad1I1g
hot water treatment (05 mmutes at 52°C)
Ice bath
postharvest losses

amount available to market

market value

costs labor
pe~t contIOl

PotentIal net sales

Rs50

20%

320 kg

Rs 10/kg
Rs 3200

(Rs 50)
o

Rs3I50

Rs50
Rs30
Rs 200
Rs200
5%

380 kg

Rs 20/kg
Rs 7600

(Rs 80
(Rs 400)

Rs 7120
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SOURCES OF PEST MANAGEMENT EQUIPMENT AND SUPPLIES
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automatIc chlonne dIspenser

fungiCIdes

sprayers knap-sack, backpack

sulfur dIOXIde pads

Orchard EqUIpment and Supply Co

Brogdex Co

A M Leonard
Orchard EqUIpment and Supply Co
Northern

Zellerbach

For addresses and phonelFAX numbers of supphers, please refer to AppendIx D
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SOURCES OF PEST MANAGEMENT EQUIPMENT AND SUPPLIES
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automatic chlonne dispenser

fungiCides

sprayers !map-sack backpack

sulfur dlOXlde pads

Orchard Equipment and Supply Co

Brogde'C Co

A M Leonard
Orchard Equipment and Supply Co
Northern

Zellerbach

For addresses and phonelFAX numbers of supphers. please refer to AppendiX D
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FOOD SAFETY
FOR FRESH PRODUCE

Page 10 1

, ,

The number one Issue among consumers, IS mamtenance and unprovement offresh produce safety

from field to fork Fresh fiUItS and vegetables are often thought of as healthful, nutntIOus foods

havmg no nsk of foodbome illness assocIated With therr consumptIOn However, recent food

borne illness outbreaks m the U S have been traced to fresh fruItS, vegetables and JUices These

mCIdents have caused growers, slnppers, dIstnbutors, retailers and Importers to reevaluate fresh

frUit and vegetable productIon and handlmg practices

The probability of gettmg sIck from eatmg a raw frUlt or vegetable IS very low, but a small

probability does eXISt Reducmg the nsk offood-bome illness from consumptIon offresh fiUltS and

vegetables IS the responSibility of everyone, mcludmg growers, shIppers, processors and

consumers

-If
Wholesale buyers are starting to expect documentation of \

prevention and cntlcal control POint programs for food safety ,I!
If

down to the farm level In the Immediate future, agncultural l
producers will be charged With establishing and documenting l
methods of nsk reduction and prevention' Suslow (1997) :l

'f

-..;. t I Il.fUl~t
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It mIght help to retmnd consumers that the health benefits denved from eatmg at least 5 servmgs

of fresh fiults and vegetables daily far outweIgh the very small plobabI1lty of contractmg food

home illness

Preventmg contammatlOn offresh frmts and vegetables by human pathogens and dangerous levels

of chemIcal resIdues IS the best way to assure that foods are wholesome and safe for human

consumptIOn Tlus chapter will proVIde mformation on 1) potentIal hazards dunng productIon of

raw produce, 2) samtary postharvest handhng ofproduce and 3) Hazard AnalysIs Cntical Control

Pomts (HACCP) pnncipies as apphed to handbng fresh produce

General DOs and DON'Ts of
Fresh Produce Food Safety

Grazing animals, feedlots or other sources of fecal contamination should NOT be
present on or adjacent to production land

Prior land use should be investigated to assure that tOXIC compounds such as
pesticides or heavy metals are NOT present at dangerous levels In production sOil

Fertilizers should have no detectable levels of human pathogens Proper compostlng
or use of Inorganic fertilizers IS highly recommended

Irrigation water should have no detectable human pathogens, or unacceptable levels
of pesticide reSidues, heavy metals or tOXIC compounds

Employ only professional, licensed pesticide applicators

MOnitor and document all pesticide, fungicide and herbicide use, and maintain a safe
period between application and produce harvest
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Dos and Don'ts continued

Keep harvested produce up off the bare sOIl

AVOId exposure to mOist sOil There IS an Increased nsk of aflatOXin
Infection, a carcinogenic toxin In nuts (pistachios and thin shelled
almonds are especially susceptible)

Provide field latnne and hand wash stations for field workers

MOnitor and enforce field worker good personnel hygiene practices

Use only clean and sanitary field containers

Page 10.3

Continuously monitor chlonne concentrations and pH of hydrocoollng or
wash water

Clean and sanitize field tools, containers and packing lines on a
frequent and scheduled basIs

Clean and sanitize forced air coolers, cold storage rooms and cooler
drain tiles on a frequent and scheduled basIs

Clean and sanitize transport trucks on a frequent and scheduled basIs

Only use cleaning compounds and sanltlzers that are approved for food
contact surfaces

Use transportation that IS dedicated to hauling only produce Do NOT
use trucks which have been used to transport live animals
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Food Safety Risks

Associated With

Fresh Produce

PhySical Hazards

Chemical Hazards

Human Pathogens

FOOD SAFETY RISKS ASSOCIATED WITH PRODUCE

PhysIcal Hazards Examples of physIcal hazards whIch may become Imbedded m produce dunng

productIOn handhng or storage are such thlllgS as

fasteners (staples natls, screws, bolts)

pIeces ofglass

wood sphnters

Cheilllcal Hazards Examples of chenncal hazards whIch may contannnate produce durmg

pIoductIOn handlmg or storage are such thmgs as

pestICIdes, :fur.gIcIdes herbICIdes, rodentacIdes

machme lubncants from forklIfts or packmg Ime eqUIpment

heavy metals (Lead, Mercury, Arsemc)

mdustnal toXlllS

compounds used to clean and samttze eqmpment

Human Pathogens There are four mam types ofhuman pathogens assocIated WIth fresh produce

SOll assocIated pathogelllc bactena (Clostrzdzum

botulmum, Llste! fa monocytogenes)

feces assocIated pathogemc ba(.,tena (Salmonella spp ,

Shigella spp E coli 0157 H7 and others)

pathogemc paraSItes (Cryptosportdmnl Cl clOSPOl a)

pathogemc vnuses (HepatItIS, EntelOvIfUs)

Many of these pathogens are spread vIa a human (or

domestIC alllmal) to food to human transmISSIOn route

Handhng of fiults and vegetables by mfected field-

workers or consumers, cross contammatlOn use of contammated 11l1gatIOn water use of

llladequately composted manure or contact Wlth contamlllated soIl al e JUst a few of the ways that

transmISSIon ofhuman pathogens to food can occur
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FOOD SAFETY HAZARDS DURING THE PRODUCTION OF FRESH PRODUCE

WIllIe produce quaht) can be Judged by outward appealance on such cntena as color, turgIdIty

and aroma food safety can not Casualmspectlon ofproduce cannot detenmne IfIt IS m fact ~afe

and wholesome to consume Management of groWlllg condItIons are patamount m preventmg

the contammatlOn offresh produce bv physIcal hazards, hatmful chenucals and human pathogens

Land Use

agncultL.Ial purposes, pestIcIde use Iecords should be

revIewed to assure that plOper pestIcIde management

practIces were followed ProductlOn acreage should not have

been preVIously used as a feed lot or for anunal graZlllg smce

fecal contammatIoll of the sod may be ex1:enslVe

TIle safet) of food glO\V11 on any gIven pIece of land IS not

only mfluenced by the CUlTent agncultural practIces but also

by fmmel land use p13ctlces Heavy metals and pestIcIde

IeSldues may remam m sods fOl long penods of tune

PlOductlOn land sod should be tested to assure that

dangelOusly lngh levels of these compounds are not present

FOlmer land use should also be mvestIgated to assure that the

productlOn land was not used for hazardous waste dIsposal or

for mdustnal purposes that may have left behmd tOMC

lesldues If pIoductlOn land was prevlOusly used for

MANAGE
GROWING

CONDITIONS
AND

HARVESTING
OPERATIONS

TO
PREVENT

CONTAMINATION
OF

FRESH
PRODUCE

FeltdlZels

ImplOperly or non composted Olgalllc feltllIzel s are a potentIal source of human pathogens

Human pathogens ma\ persist 111 alllmaI manures for weeks or even months Ploper compost111g

(the heat tleatment the manure undergoes as It bleaks down) Will Ieduce the nsk ofpotentIal food

bome Illness Unfoltunate!\. the persIstence of many human pathogens 111 untreated agncultural

SOlIs IS CUll entlv unk.nO\vll Use of mOl gamc fertIlizers wInch have been certIfied to be free of

heavy metals and othel Lhemlcal contammants IS recommended
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Imgatlon Water

ImgatIOn water IS another potentIal way contamm<lnts may be blOught III contdct \\1th fnllts and

vegetables Well watu IS less hk.e1y to be eontamlIldted \\'lth humdn pathogen~ than surface

water supplIes, howevel all ImgatIon water sources should be penodlcal1y tested fOJ

contammatlon by pesttcldes and human pathogens Overhead lITIgatIOn systems are more hkely

to spread contammatIOIl slllce contammated water IS apphed dIrectly to the edIble portIOns of

frUItS and vegetables

PestIcIde Usage

All pestIcIde usage should be done Ul stnct accordance WIth manufacturer IecommendatlOns as

well as federal and state ordmances Momtonng and documentatIOn of proper pestIcIde usage

should be done to prevent unsafe levels or Illegal resIdues from contammatmg fruItS and

vegetables All pestIcIde apphcatIOns should be documented and proper records of apphcatIon

as well as tests for reSidues should be available and reVIewed by management on a regular baSIS

I
I

\
Harvest OperatIons

Dunng harvestmg operatIOns field

workerfield

MOllltormg and

ofenforcement

crev. membel"

be avaIlable and IIsed b'r all haf\ est

or kmfe blade Portable field latnnes

personnel may contammate fresh

as well as hand wash statIOns must

fruIts and vegetables by sllliply

touchmg them WIth an unclean hand

\\ \ \\ \ \ \ \\\ \

\ \ \ \ \ \ \ \
\ Ram \ I

~"I \ \ \ \ \\

\ \ \

\
~~~

'\ " "
'-" " '\

" '" \ \~ t?,....... \\
"\ ry/ _A personnel hygIene pI actlces ~uch as

i
---- washmg hands after usmg the latnne

~ / // / / / /--~re a must to reduce the mk of

L /__~/~0 human pathogeu contammalton

Ilorllcultunl filld Produce once han ested should not

\
NO 11\ estoc/.. ~
1\JO IOO~L d11Jl11lb

N() outdoor IdtrlllL~
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be placed upon bare sods before bemg placed m clean and samtary

field contamers FIeld harvestmg tools should be clean, samtary

and not be placed dnectly m contact WIth sod FIeld contamers

should be cleaned and samtlZed on a regular baSIS as well as bemg

free of contammants such as mud mdustnal lubncants, metal

fasteners or splmters

SANITARY POSTHARVEST HANDLING OF PRODUCE

Provide soap and
clean water so
that harvesters
can wash their
hands after uSing
field latnnes

•

Dependmg upon the commodIty, produce may field packaged m contamers that will go all the way

to the destmatIOn market or be temporartly placed m bulk bms, baskets or bags whIch will be

transported to a packmg shed Employees, eqUIpment, cold storage facilitIes, packagmg matenals

and any water wInch will be contactmg the halvested produce must be kept clean and samtary to

prevent contammatlon

Employee Hygtene

Gloves, hatrnets and clean smocks are commonly worn by packmghouse employees m export

onented packmg sheds The cleanlmess and personnel hygtene of employees handlmg prodJce at

all stages of productIon and handlmg must be managed to IDIll1IDlZe the nsk of contammatIOn

Adequate bathroom facilitIes and handwash statIons must be pnJ\1ded and used properly to

prevent contammatIOn of produce by packmghouse employees Shoe or boot cleanmg statIOns

may also be m place to reduce the amount offield dIrt and contammatIOn wmch enters the packmg

shed from field operatIons Employee tIammg regardmg samtary food handlmg practIces should

be done when an employee IS htred and reVlewed before they begm work each season

EqUIpment

Food contact surfaces on conveyor belts, dump tanks etc should be cleaned and samtized on a

regular scheduled baSIS WIth food contact surface approved cleamng compounds A 200 parts pel

mIlhon sodIUm hypochlonte (bleach) solutIOn IS an excellent example of a food contact surface
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Avoid
the use of
steam
when cleaning
equipment

samtlzer Samtlzers should be u<;ed only ,illcr thorough clcanmg

wIth abla<;lOn to remove OIgamc matenal<; such as dlft 01 plant

matenals Use of steam to clean equIpment should be aVOIded

smce steam may actually cake orgamc matenals and fonn a blOfilm,

wInch renders eqUIpment almost nnpossIble to samtlze Steam may

also aerosolIze bactena mto the au and actually spread

contammatton throughout the packmg house facIlIty

Cold Storage FacilitIes

Cold storage facilitIes and m partIcular refrIgeratIOn colis, refrIgeratIOn dnp pans, forced aIr

coolw.g fan~, dram tIles, walls and floors should be cleaned and sarutlZed on a frequent and regular

baSIS The human pathogen Llstena monocytogenes can prolIferate qUIte well at refrIgerated

temperatUI es and may contammate produce cold stored produce If condensatIOn from

refrIgeratIOn uruts or celhngs dnp on to the produce Placmg warm product WIth field heat mto a

cold room WIth msufficlent refrIgeratIOn capacIty will cause a temperature nse ill the room and as

the room cools a fog or 1ll1st will occur As the water condenses out ofthe arr and onto walls and

ceIllllgs, contammatlon from walls may end up dnpplllg onto stored produce

Pach.agmg matenals

All packagmg matenals should be made of food contact grade

matenals to assure that tOXIC compounds III the packagmg

matenals do not leach out of package and mto the ploduce

TOXIC chemIcal resIdues may be present m some packagmg

matenals due to uc;e of recycled base matenals Empty packages

such as bO'l.es and plastIc bags should be ~tored m an enclosed

storage area to protect them from Illsects rodents dust, dIrt and

other potentIal sources of contammatlon TIlese actIOns protect

not only agamst the potential loss of valuable matellals but

protects the mtegnty and safety of these matenals
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PlastIc field bms and totes are preferred to wooden contamers smce plastIc surfaces are eaSIer to

clean and samtlZe, wluch should be done after every use If contamers are not cleaned and

samtlZed after every use, they may become contammated and then contammate the next products

wluch are placed m the contamer Wooden contamers or field totes are almost ImPOSSIble to

samtlZe smce they have a porous surface and wooden or metals fasteners such as naIls fiom

wooden contamers may accIdentally be mtroduced mto produce Cardboard field bms If reused

should be VIsually mspected for cleanhness and hned WIth a polymenc plastIc bag before reuse to

prevent the nsk ofcross contammatIOn

Wash and Hydrocoohng Water

All water wluch comes m contact WIth produce for washmg or hydrocoohng must be safe to

dnnk Water should contam between 100 and 150 parts per millIon total chlonne and have a pH

ofbetween 6 and 7 5 Chlonne use prevents the potentIal for cross contammatIOn of all produce

m the washmg or hydlOcoohng system, It will not stenhze the plOduce SCIentIfic studIes have

demonstrated that washmg produce m cold chlonnated water will reduce llllcroblal populatIOns

by 100 to 1000 fold, but stenhty IS never aclueved because llllcroorgamsms adhere so voracIOusly

to the surface of produce and may be present m llllcroscopIC nooks and cranmes on the surface

of produce Rmsmg produce WIth cold chlonnated water will slgmflcantly reduce the number of

llllcroorgamsms present on the produce but It will not remove all bactena Therefore, human

pathogens can not be completely removed from produce by washmg It m cold chlonnated water

RefngeIated Transport

Produce IS best slupped m temperature controlled refugerated trucks Mamtammg penshables

below SoC even while bemg transported to destmatIOn markets will extend shelf-lIfe and

slgmficantly reduce the glOwth rate ofmIcrobes mcludmg human pathogens Temperatures used

for tranportmg clllllmg sensItIve produce will not protect agamst the growth of most pathogens

Trucks used dunng transportatIon should be cleaned and samtlZed on a regular baSIS Trucks

wInch have been used to transpOlt hve arumals, arumal products or tOXIC matenals should nevet

be used to transport produce
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The seven baSIC prmclples of HACCP are
Assessment of Hazards
Determine Cntlcal Control POints (CCP) to Control the Identified Hazards
Establishment of Limits at each CCP

HAZARD ANALYSIS CRITICAL CONTROL POINTS (HACCP)

HACcr IS a food safety system fit st developed by the Ptllsbury Co to reduce the nsk assoctated

WIth the food eaten by asttonauts dunng space fltghts HACCP tS a system approach whtch

• Identtfies potential sources of contammatlon m food produroon systems

• estabhshes methods for detectmg the occurrence of contamtttatlOn

• clearly prescnbes what correctIve actIOns WIll be take to prevent consumptIOn of

contammated food Items

HACCP IS a systems approach method to assure the safety of a food product, It IS NOT a means

ofassunng food quahty

'~

1\
'I

II!
Iii
III

Establishment of CCP MOnitoring Procedures III
,I

Establishment of Corrective Actions to be Taken When CCP Exceed Set Limits ill
Establishment of Record Keeping Systems to Document the HACCP Program II
Establishment of Procedures to Verify that the HACCP IS FunctiOning Properly lit

lit
'---;-------------.,,--------,---------------..... r

I Assessment at Ha::ards

Each urnt operatIOn should be evaluated to IdentIfy potentIal sources ofIDlcrobIal, cheIDlcal and

phySIcal hazards wIDch may be mtroduced mto produce Areas wIDch should be evaluated are

grOWIng and harvestmg OpeIatIons, packmg shed operatIons packagmg matenal and storage as

well as dIstnbutIOn TIDs process IS best accomphshed b, a team of both management and

productIon personnel

Ey;ample Hvdrocoolmg water contammatIOn (IDlclObIal or chemIcal)

2 Determme Cntlcal Control Fomts rCCF) to ContlOl the Jdentrfied Ha::mds

The next step ill developrng a HACCP program IS to draw a flow dIagram for your specIfic

operatIon and then detefIDllle where each ofthe IdentIfied hazards may be momtored Each pornt

that will be morntored to control specIfic hazard IS now deSIgnated a CntIcal Control Pornt

(CCP) Example Chlonne mJectton system on hydro cooler
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3 Establrshment ofCCP Lmllts

Once CCP have been IdentIfied, tolerance lUll1ts must be set to determme when correctIVe actIOn

needs to be taken Tolerances must be observable and measurable

Ex:ample Hydro-cooler water must have a cWonne level of 100-150 ppm total cWonne and a pH

of6 0-7 5

4 Establrshment ofCCP MomtOi mg Procedures

Ho\\' often momtonng MIl be done how measurements will taken and what documentatIOn WIll be

plepared must next be clearly defined

Example HydlO-cooleI water pH and cWonne levels will be mOJ.lltored usmg a test kIt hourly and

contmuously Mth a stnp chart recorder that has been cahbrated dally Hourly pH and cWonne

level measurements will wrItten down and be avallable for mspectIon at the hydro-cooler

5 CorrectIve ActIOn When DeViatIOns From CCP LImIts Occur

When a deVIatIOn from the prescnbed hmIts occurs correctIve actIon must be taken to ehromate the

potentIal contammatIOn All deVIatIOns and correctIve actIons must be noted m a wrItten form.

Ewmple CWonne levels were detenruned to be below 25 ppm Hdyro-coohng ofproduct was

stopped, cWonne levels were adjusted and all produce that had been hydro-cooled ill Slllce the last

m Mthm cntIcal hmtt cWonne measurement was taken were rehydro-cooled

6 HACC? Record Keepmg Systems

All paper work related to the HACCP system must be keep m an orderly and accessIble manner

Records that should be kept mclude

ProductIOn Records

Suppher AudIts

PestICIde Usage and Testmg Results

IrngatIOll Water Test Results etc

Harvestmg RecOl ds

Harvest Dates and Lot Numbers

Total Numbel of Boxes Harvested, etc
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All Cntical Control Pomt Momtollng RecOl ds

Storage and DIstllbutlOn Records

Temperature Morntonng

Truck Cleanhness, etc

Devtation FIle HACCP DevtatlOns and CorrectIve ActIOns Taken

Page 10 12

7 HA CCP VenficatlOn

Penomc HACCP plan reView mcludmg reVIew ofCCP records, deviattons and random samplmg

to venfy that the HACCP program must be done to assure that HACCP program IS functlOnmg

properly Thts revtew should be done eIther on a montWy or quarterly baSIS

Food safety IS becommg an ever more tmportant aspect of produce marketmg especIally for

those producers who Wish to export Ensunng that produce IS safe to eat IS ill the best mterest

of everyone smce we are all consumers Investment m food safety programs Will add cost to

producmg fresh fruItS and vegetables, however It assures the long term success of a company

much ltke a good msurance pohcy Whtle food safety programs cannot ensure the safety of all

products they sIgmfcantly reduce the probabhtv and nsk of food borne tllness

The followmg IS an example of a CCP ill a model HACCP program The Cnttcal Control Pomt

(CCP) Identtfied as #3 requITes the careful momtonng ofthe pH and Cllevel m wash water

HACCP Model

FLOW HAZARD CCP CRITICAL MONITORING FREQ CORRECTIVE RECORD VERI FICA
PROCESS CATEGORY LIMIT ACTION KEEPING TION

Washing Microbial #3 Free CL,. Test kit Oncel Manually Chlonnel Random
Water CI2 27ppm Continuous hour adjust water pH sampling
and pH Total CI2 striP chart chemistry records QA audit

100-150 Repair Mlcroblo
ppm system logical
pH 60- Hold produce counts
70 from last

correct
reading and
rewash
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INFORMATION RESOURCES
To obtam more InformatIon about produce food safety programs contact the followmg
orgaruzatIOns

DaVIS Postharvest Consultmg
PlOduce Food Safety Systems
POBox 72711
DavIs CA 95617
Phone (530) 400-0430
FAX (530) 756-5440
davIspc@JPs net

InternatIOnal Fresh-Cut Produce AssocIatIon
"Food Safety Grndelmes for the Fresh-cut Produce Industry 3Id EdItIOn"
1600 Duke Street Srnte 440
Alexandna, VA 22314
Phone (703) 299-6282

Umted Fresh FruIt and Vegetable AssocIatIOn
"Industrywtde GUIdance to Mmlmlze MIcrobIOlogICal Food Safety RIsks for Produce"
727 N Washmgton St
Alexandna, VA 223 14
Phone (703) 836-3410

UmversIty of Cahfofllla
FoodSafe Program
DaVIS, CA 95616
Phone (530) 752-2647

Western Growers Ao;soclatlon
"Voluntary Food Safety Grndelmes for Fresh Produce"
POBox 2130
Newport Beach, CA 92658
Phone (714) 863-1000
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SOURCES OF FOOD SAFETY EQUIPMENT AND SUPPLIES
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HACH Company (MicrobIOlogical testmg suppltes water quahtv test kits and portable systems
POBox 608
Loveland CO 80539
In the U S (800) 227 4224 or FAX (970) 669 2932
Outside the U S (970) 6693050 or FAX. (970) 669 2932

InternatIOnal Rlpenmg Corporation (Temperature recorders 'HACCP Manager' eqUipment)
1185 Pmendge Road
Norfolk, VA 23502
Phone (800) 472-7205

REFERENCES

Ashby B H 1989 Regulations govenung sarutatlOn In vehicles transportmg food USDA TransporatlOn
Tlps/ Office of TransporatlOn OT-ill No 12

Beuchat L R 1996 Pathogeruc mtcro-orgarusms assOCiated With fresh produce J Food Prot 59 204
216

Hams, L (00) 1997 Perzshables Handlmg SpeCial Issue No 91 Food Safety

Rushmg, J W 1996 ImplementatIon of a HACCP program In a commerCial fresh market tomato
packinghouse A model for the mdustry DGlry Food and EnvIronmental Sa111tatlon 16(9) 549-553

Suslow, T V 1997 Microbial Food Safety an emergtng challenge for small-scale growers Small Farm
News June/July 7-10

Umted Fresh Fruit and Vegetable AssoCiation 199? Indllstryu Ide Gllldance to Mlmml=e Food Safety
RJsks for Ploduce <\lexandna VA UFFVA

Western Growers AssociatIOn 1997 Voluntarv Food Safety Gllldeimes for F1 esh Ploduce Ne""'Port
Beach CA WGA
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PART I COSTS AND BENEFITS
of FRESH HANDLING PRACTICES

Companson of estImated costs and expected benefits related to adoptmg postharvest
technology for fresh handlmg and m~rketmg

Ifyou need more facts to fill out any worksheet, It IS recommended that you select one specIfic

commodIty that you produce, and actually use the new practIce on one row of vegetables or on

a small group of tIees f01 one season or any suItable penod of tIme Dunng thIs tIme collect

mformatIOn on YIelds, losses, grades of produce harvested, costs of labor, matenals and

eqUIpment, and power re-lurrements for your own operatIOn ill companson to your current

pI actIce Some ofyour expenses will not be affected at alL whIle others WIll be added or no longel

be necessary when you change practIces
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Make copIes of these blank worksheets and use a complete set f01 each commodIty you plOduce

and mal ket Ifyou want to compare vanous postharvest technologIes you may need to use several

copIes of the worksheets for each commodIty

Overhead costs should be reported by month, by season or by year, dependIng upon how you

generally allocate costs of operatIon The Idea IS to be able to df''termme how much of your

ovelhead costs can be aSSIgned to the commodIty of mterest For example, If you produce and

handle only one commodIty, It will take on 100% of your overhead Ifyou produce and market

equal amounts of3 commodItIes, each can be aSSIgned 1/3 of the total overhead

Most of the costs for the tOpICS hsted m Worksheet 3 will have several components mcludmg

capItal costs (eqUIpment or facilitIes), and recurrmg costs (supphes, labor and purchased power or

fuel for nmnmg eqUIpment)

Worksheet 1 Collect some basIc mformatlOn

CommodIty _
Vanety _

I Overhead Costs
Salanes (managers, office staff, etc) Rs------
Office expenses and supphes Rs _
Mamtenance parts and repans Rs _
UtilitIes (gas, electnc) Rs _
Commurucattons (Telephone FAX, e-maIl) Rs _
Rent Rs------
Other Rs------

Total = Rs------

Overhead costs affilIated WIth tills commodIty
(base on the percent tills commodIty compared to your total productIOn)

•

*%--- Rs-----
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2 General mformatlOn related to each practIce

Page 3

Base upon pleVlOUS expenence WIth the commodIty, your CSAM results (see AppendIX A) or
estlDlates provIded by other producers/shIppers, produce buyers, pubhshed hterature on
postharvest technology, cost/benefit examples provIded m each chapter of tms workbook or
mformatlOn avaIlable from your local ExtenSIOn SefVlce Many Iecommended PHTs WIll redu(,e
losses by mlI1Ulllzmg decay mecharucal damage, and weIght loss

Current Practice (describe)

Ne" Practice (describe)

Current practIce New practice

Expected ytelds kg kg

EstlDlated physIcal losses
amount of culls dunng ple-sOItmg % %
losses due to pests % %

• losses due to mechamcal damage % %
weIght loss dUllllg handlmg/storage % %

Sum oflosses kg kg

How much will you have to sell?
(Expected ytelds - EstImated sum of losses) kg kg

Expected glades (should add up to the amount above)

mghest kg kg

second kg kg

lowest kg kg

3 Mark.et Pnces (obtam from your buyers or past hIstOry)
Expected pnce per kg (wholesale)

lllghest grade _

second gl ade _

lowest gl ade _

Rs. _

Rs, _

Rs. _
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Expected pnce per kg (retaIl)

hIghest grade----

second grade _

lowest grade----

Worksheet 2 ComparIson of DIrect Costs

Rs-----

Rs _

Rs-----

Page 4

Does one practIce cost more than the other for productIon, preparatIon for market, postharvest
handlmg, matenals, power, eqUIpment, storage, transport, marketmg, etc? CalculatIOns should be
based on expected YIeld, postharvest losses, hourly labor costs, and expected volumes to be
handled SpecIfic detaIls for recommended practIces are mcluded m the examples found at the end
ofeach chapter ofthe book, WIth those costs that are expected to change lIsted mdIVIdually under
each category Ifyou find there are addItIOnal costs assocIated WIth your operatIOn, please add
these to the lIst

Current PI actlce----------------------
New Practice ------------------------ •
Pre-Harvest

seeds 01 plantmg matenals

land preparatIOn/plantmg

Current practice

Rs-----
Rs-----

New practice

Rs _

Rs----
cultIVatIOn (prunmg, thmnmg, mu1chmg, etc) Rs _

prelIarvest treatments (pestICIdes, etc) Rs _

Rs _

Rs----

illlgatIOn

fel1IhzatIOll

other------------

Rs-----
Rs-----

Rs-----

Rs----

Rs----

Rs----
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Current practice New practice

Harvest and Market PreparatIon

labor and eqUIpment for harvestmg Rs Rs

field paCh..nlg Rs Rs

cunl1g Rs Rs

othet Rs Rs

Packmghouse OpelatlOns

pte-sortmg Rs Rs

waslung/c1eanmg Rs Rs

smng/gradmg Rs Rs

waxmg Rs Rs

pest management Rs Rs

• samtatlOn Rs Rs

packagmg matenals Rs Rs

packmg Rs Rs

other Rs Rs

Temperature/RH Management

pre-coohng Rs Rs

coohng Rs Rs

storage Rs Rs

other Rs Rs

TransportatIon

velnc1es Rs Rs

fuel Rs Rs

coolIng Rs Rs

other Rs Rs
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Current practice New practice

DestmatlOn Handhng

npenmg Rs Rs

Ie-sOltmg Rs Rs

dIsplay Rs Rs

other Rs Rs

Page 6

Other Costs

malketmg (fees, sales labor) Rs Rs

promotIOnal a'ctlV1tIes Rs Rs

food safety program Rs Rs -----
other Rs Rs

Total DIrect Costs
*Overhead Costs for tills commodIty

Total Costs
Total costs per kg ofproduce for sale

Rs-----
Rs-----

Rs-----
Rs-----

Rs----
Rs----

Rs _
Rs----

•
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Worksheet 3 Companson of Benefits
Base upon expected YIelds and quahty, amount ofproduce available for sale at vanous grades, and
expected pnces per kg collected 111 Worksheet 1 (kgs of produce at each grade x pnce/kg =
expected sales at each grade) Do the calculatIOns for eIther wholesale or retail pnces or a
comb111ation Ifyou will sell both ways

Current Practice ----------------------
New Practice ------------------------

•

Expected sales (wholesale)
hIghest grade

second grade

lowest grade

Subtotal Sales (wholesale)

2 Expected sales (Ietail)
hIghest grade

second grade

lowest gl ade

Subtotal Sales (retail)

3 Total E:\.pected Sales

Current practice

Rs-----

Rs-----

Rs _

Rs _

Rs-----

Rs-----

Rs'--- _

Rs-----

Rs _

New practice

Rs----

Rs----

Rs----

Rs----

Rs----

Rs----

Rs----

Rs _

Rs _

4 Comparative Advantage
(Total Expected Sales - Total Costs = Comparative Advantage)
refer to the total costs calculated for each practIce 111 Worksheet 2

Current practice Rs _ - Rs =Rs (a)

New practice Rs - Rs = Rs. (b)

WhIch practice IS most profitable,
and can pI 0\ Ide the best economic
°PPOIturuty')

Current practice

Rs----
(a)

New practice

Rs----
(b)
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Worksheet 4 Recovel y of Invested Capital (ROIC)

Page 8

If the new postharvest technology costs more than your current practIce, how long WIll It take to
pay for your lIlvestment III the new plactlce? An excellent retum on lllvestmellt would be a
lecovelY tIme ofless than one month, whtle a slower return may reqUIre an entIfe season (3 to 5
months) Any longer recovery penod usually would not be consIdered a good retum on
1l1vestment

Current Practice --------------
New PI actlce ------------------------

1 DIfference In total direct costs for new practIce = Rs, _
(Actual capItal outlay for new eqUIpment and facthtJes, plus power costs, supplIes and labor
reqUIrements for the new practIce when compared to costs for the current practIce over the entrre
season see Worksheet 2)

2 Interest rate (n capItal IS borrowed) = % per annum, 01 % per month
Cost ofcapItal at three months = Rs _
Cost of capItal at SIX months = Rs _

3 Difference In sales usmg the new practIce = Rs per month
(Subtract total expected sales usmg the current practIce from total expected sales usmg the new
practIce see Worksheet 3, dIVIde the dIfference by number ofmonths of sales)

4 Calculate ROIC III months to recover Illvested capItal

(DIfference In total dIrect costs + any mterest paId)
= Months to pay for

mvestment
Difference In Sales per month

•

Rs per month

(R~ _ + Rs )------
= Months----

PART I FRESH HANDLING TECHNOLOGIES FOR HORTICULTURAL PRODUCE



CHAPTER 11 INTRODUCTION TO PART II Page 111

•

INTRODUCTION TO PART II
SMALL-SCALE PROCESSING

There are many reasons to become familiar WIth the many technologIes used for processmg

hortIcultural crops EconomIc opportunItIes abound for enterpnsmg small agn-busmess people

worldWIde Processmg produce to a fresh-cut or preselVed state can add value to produce that

commonly sells for a low pnce m Its fresh state Startmg a small-scale processmg operatIOn

prOVides new Jobs for your commumty, requnes only a small capItal mvestment m eqUipment and

supplIes, and can result m a fast return on mvestment When condItIOns are not SUItable for

storage or 11ll1lledlate marketmg offresh produce, processmg reduces perishabIlIty

WhIle storage of fresh produce requrres speCIal facilitIes and coohng eqUIpment, constant

temperature and RH management and strong, ventIlated storage contamers, processed

horticultural product can be stored In any cool, dark location, has a much longer shelf hfe, and

often Increases your marketmg optIOns You can aVOId sellmg yom fresh produce at the lower

pnces offered dunng glut penods or dunng the usual season for fresh market, and decrease some

ofthe costs a~socIated WIth fresh handlmg, storage and transport Processed products can then be

offered for sale dunng penods when the fresh produce IS not avaIlable or IS m short supply, or

dunng hohda\ penods when people purchase food gills and use speCIalty processed foods for then

celebratIOns
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TypIcal quahty problems and sources of losses when processmg hortIcultural products lllclude

some ofthe same problems encountered when handlmg fresh produce as well as problems related

to the use of lllappropnate processlllg methods and packagmg practIces

Typical quality problems and sources of losses when processmg horticultural products

Harvesting at Improper matunty
Inadequate sortmg to remove diseased and contammated produce
Inadequate washing and cleaning of produce before processing
Improper tnmmlng (removmg too much or too little of the Inedible portions)
Use of Improper processing methods
Misuse of processing methods (Incorrect times or temperatures for processing)
Inadequate or Inappropnate packaging matenals

The second part ofthIs book will assIst you to IdentIfy and utthze scale-appropnate, cost-effectIve

postharvest technologIes for hortIcultural produce to

• Reduce postharvest losses due to weIght losc;;, decay and phySIcal damage

• Mamtam produce quahty and econOInlC value dunng processmg and storage

• Assure food safety durmg processmg

• Increase mcome by adoptmg postharvest technologIes that are profitable for your small-scale

operatIOn

Many hortIcultural crops can be successfully processed to mgh quahty food products usmg sImple

technologIes Bemg techmcally able to process produce however, IS often qUIte dIfferent than

bemg able to do so and make a profit The key element IS always the market, and what consumers

want to buy and eat, ana whethel they wIll pay you enough for the processed product to cover

your costs and leave you a profit In some regIOns of the world canned and dned products are

shunned Consumers may belIeve processed foods are less nutntlOus or somehow unnatural In

other countnes, some processed products are gIven hIgh \ alue, and producers may grow purely

for processors Orgamc apples III the US sell for $30 to $75 more per ton as compared to

conventIOnally grown fruIt

Freezmg produce IS relatIvely easy, but reqUIres lngher capItal mvestment by processors (m the

eqmpment for freezmg and mamtammg low temperatures dunng handhng, storage, shIppmg and
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marketmg) and has a hIgher cost for consumers (home freezers) Another factor are your costs

for labor and the power for processmg Labor costs may dIffer by the level of skills requrred for

plOcessmg vanous products, wlule powel costs will depend upon the method chosen and the

tIme reqUIred for processmg

Once you have IdentIfied a processed product that IS valued by ym..1 potentIal customers, you

must ha\ e a relIable supply ofhtgh qualtty fresh produce When you are also the grower tIllS

wIll sImplIfY planmng and plOcUlement You can process only the flesh produce you can't sell

ImmedIately after harvest or deltbelately SOlt for the vanous markets (hIghest grade for flesh

matket, seconds for plOcessmg) Processmg IS not the way to get nd of your culls, however,

dlthough sometImes you can salvage some produce WIth purely cosmetIc problems or mmIIDal

defects Dryll1g or cannmg oveI-matUIe, stnngy green beans or over-npe tomatoes IS sure to

give your customers somethmg to complam about Care must be taken to sort out decayed or

mfested produce, smce one strawbeny or one tomato WIth a fungal mfectIOn or will contammate

the flavOl of your entrre batch of JUIce Always begm wIth produce of high qualIty, smce

processmg will not tmprove VIsual, textural or flavor quahty Produce for processmg must be

haIVested at the proper matunty and handled very gently durmg transport to the processll1g

facility and dunng sortmg operatIOns (npe frUIts, red tomatoes, fresh young vegetables are very

dehcate) Pretteatments are often used to preserve color, flavol and fesh texture, and all these

costs must be conSIdered

WORKSHEETS

Worksheets are prOVIded the end ofPart II ofthe book to aSSIst you to calculate the costs and

benefits assocIated WIth handhng and processmg hortIcultural products and determme potentIal

profits Processed products depend upon 111gb qualIty fresh mgredients, so the postharvest

handlmg steps for fresh plOduce dIscussed m Part I are still very ImpOltant conSIderatIOns and

ate palt of the costs you WIll encounter Worksheet 5 focuses on collectmg baSIC mfonnatton

needed for producmg and malketmg products ofany kmd (overhead expected Yields, estnnated

postharvest losses, dnttcIpated market pnces) Worksheet 6 reqUIres that you calculate and Itst

the actual dIrect costs lUcun ed when you grow, handle, store and/or process a hortIcultural crop
~

PART II SMALL-SCALE PROCESSING TECHNOLOGIES FOR HORTICULTURAL PRODUCTS ,r
• - I/1'

t



CHAPTER 11 INTRODUCTION TO PART II P1ge 11 4

Worksheet 5
BasIc Information

Worksheet 6
Costs

Worksheet 7
Benefits

Much of thIs you should know from your day-to-day

recordkeepmg for runnmg your busIness Worksheet 7

outhnes expected benefits m terms of sales and profit,

and W01 ksheet 8 helps you to detennme the retum on

mvestment (leadmg you through the calculatIOn of how

long It WIll take to recover mvested capItal) Ifyou are

not sure of the market pnces you may receIve, you can

do the calculatIOns for a worst case (lowest pnce) and

best case (lnghest pnce) scenano and determme whether

your mvestments will be worthwhIle Wltlnn that range of

possIble outcomes

Worksheet 8 ROIC

PROCESSING METHODS

When choosmg a processmg method you must consIder the type ofproduce, the costs assocIated

WIth the method and the market demand for the prcessed product Fresh-cut technologIes are

the most complex and can be expensIVe, and must be undertaken WIth great care to protect food

safety The processmg methods that are more commonly used by small-scale produce handlers

mclude dehydratIOn (drymg), fennentmg, JUICIng, freezmg, plckhng m aCId or salt, preselVmg In

011 or sugar cannmg and bottlmg

FRESH-CUT (mlmmally or semi-processed) Cleamng, tnmmmg, conng shcmg or otherwIse

processmg fresh produce to a "ready to eat" state adds value but also Increases penshabulty and

requITes specIal packagmg and excellent temperature management Shelfhfe IS typIcally reduced

to 7 to 14 days and refrIgeratIon IS cntlcal throughout the marketmg penod See Chapter 12 fOl

details

DEHYDRATION Removal ofwater from most fruItS and vegetables mcreases shelfhfe, and

drymg reduces weIght and volume wluch reduces the cost of storage and transport Most dned

products are packaged m aIr-tIght contamers (plastIc bags or glass or plastIC bottles), whIle some

can be covered WIth edIble ou and bottled See Chapter 13 for detaus
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FERMENTATION Popular throughout the world as a food preservatIon method, and over

3,500 mdIVldual fermented foods have been descnbed by Campbell-Platt (1987) The details of

fermentatIOn are too complex to be covered m tlus book

JUICING Many fresh fruIts and some vegetables can be processed mto excellent JUIces eIther

alone or m combmatlon JUIces must be heat processed to stabIhze flavor and color then canned

bottled or frozen to reduce penshabIhty See Chapter 14 for detaIls

FREEZING One of the best methods for preservmg natUIal color flavor and nutntIve value

Two excellent references are the Ball Blue Book (1995), and Keepmg the Harvest (Cluoffi and

Mead, 1991) DetaIls on fieezmg al e not offered III tills bo-oK; smce n: IS drfficult to manage a

freezmg operatIon plOfitably on a small scale Inadequate packages or fluctuatmg tempetatures

can lead to lllllTIedlate quahty detenoratIOn (soft, mushy produce) and a smgle power failure can

be a dtsastel

PICKLING Peservmg m vmegar 01 bIllie IS defined as pICkhng Ohves and cucumbers can be

salt or bnne cured to add value and mcrease shelfhfe ReCIpes vary WIdely and are often related

to the regIon of the world where plOcessmg was first undertaken Vmegar IS used for vegetable

pIckles (cucumbers, gherkms, hot peppers, tomatoes, omons, cole crops) frwt pIckles (peaches,

pears, watermelon Ilnd), rehshes and chutneys See Chapter 14 fm details

PRESERVING IN OIL or SUGAR SpecIalty products such as peeled garhc, fruIt Jams and

chutneys are preserved m oil or sugar Processmg can add value and greatly mcreases shelf Me

and marketmg optIons See Chapter 14 for details

CANNING/BOTTLING Produce can be canned or bottled alone or m combmatlOns, mlts raw

state 01 after cook.l11g HIgh aCId products such as most fruIts tomatoes, pIckles and Pleserves

can be heat processed m a bodmg water bath (I 00 °C or 212 OF), willIe low aCId products such as

vegetables must be processed at 115°C or 240 OF m a steam pressure canner SpecIalty plOduct

preparatIOns (JUIces, }lIeserves, Jams, pIckles) ale often bottled to mcrease shelf Me, enhance

dIsplay quahtles (labels, bottle style) and mCI edse marketmg optIons See Chapter 14 for detaIls
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INFORMATION SOURCES FOR FOOD PROCESSING
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Many useful reference books are avaIlable to gUIde you m selectmg appropnate techmques and

methods for processmg your fresh produce The Ball CorporatIon pubhshes The Ball Blue

Book GUIde to home cannmg, free::mg and dehydratiOn, whIch IS an excellent source ofbasIC

mfonnatlOn for anyone who IS new to food processmg A catalog of postharvest proce~smg

eqUIpment IS avaIlable from Intenn0dlate Teclmology PubhcatIons (9 KIng Street, London

WC2E 8HW, UK) Included are dnels, storage contamers, cleaners, hand mills, power mIlls,

shellers, decorttcators (seed removers), Oll processmg eqmpment, fruIt presses, and root crop

cutters/graters Sources of specIfic processmg eqmpment and supphes are hsted at the end of

Chapters 12 through 14

GENERAL REFERENCES

Azanu Sand Battcock, 1994 Crop processmg small enterpnse and the eradIcatIOn of poverty
Postharvest News and InformatIOn 5(3) 27N-38N

Ball CorporatIon 1995 The Ball Blue Book Gzade to home cannmg, free=mg and dehydratIOn
MunCIe, Indiana Alltnsta Corp

Cluoffi N and Mead, G 1991 Keepmg the Harvest Preservmg}ourfrlllts vegetables and helbs
Pownal, VT Storey CommUlllcatIOns Inc

Fellows P and Hampton, A 1992 Small-Scale Food Processmg a guIde to appropnate eqlllpment
London Intennedlate Technology PubhcatlOns/CTA
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FRESH-CUT PRODUCE
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•
Produce wlnch has been cleaned, cored, peeled, chopped, shced, or <hced and then packaged may

be consIdered fresh-cut produce Fresh-cut processmg mvolves addmg value to a raw agncultural

commodIty by preparmg them for consumer use Fresh-cut IS currently the fastest growmg

produce market segment m North Amenca and Europe Consumers of such products may be

retail consumers or food serVIce estabhshments such as restaurants, hotels or hospItals Fresh-cut

products are attractIVe to consumers because they offer umform pIece SIZe, convemence, reduced

prepaiatlOn tIme and 100% of the product IS usable Tlns reduces labor costs, storage space

reqmrements and trammg costs at food sefVlce estabhshments All these factors have lead to the

rapId growtlI oftlns mdustly

Contrary to other food processmg techmques such as drymg or canmng, fresh-cut

processmg does not extend the shelf-lIfe or preserve the produce In fact, fresh-cut

products are even more perishable and susceptIble to the effects of temperature abuse than

the whole products from which they are derived Fresh-cut products must be kept
o

contmuously at temperatures between 0 and 5 C durmg processmg, distributIOn and

marketmg If temperature abuse occurs, slgmficant qualIty losses and spoilage occurs

qUickly Tlns chapter wIll cover the general steps mvo1ved 111 produc111g 111gh qualIty and safe

fresh-cut produce

PART II SMALL-SCALE PROCESSING TECHNOLOGIES FOR HORTICULTURAL PRODUCTS



CHAPTER 12 FRESH-CUT PRODUCE

GENERAL DOS AND DON'TS
FOR HIGH QUALITY FRESH-CUT PRODUCE

Certify that raw ingredient suppliers are uSing Geod Agricultural
Practices

Use only the highest quality produce as raw ingredients

Do not use diseased, decayed or over mature raw mgredlents

Always follow Good Manufacturing Practices

P,lge 122

Carefully momtor and maintain appropriate wash water pH and chlonne
levels

MOnitor and maintain wash water temperatures near 0 °C

Keep cuttmg and conng blades as sharp as possible

°Always keep finished products between 0-5 C

Continuously momtor ingredient and finished product temperatures

Use appropriate flexible packaging matenals, well sUited to your product
and markets

MaIntain first-In first-out ingredient and finished product rotation

Assure food safety by Implementing a HACCP program

Prevent temperature abuse dUring distribution and marketing
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CHAPTER 12 FRESH CUT PRODUCE Page 123

Fresh-cut product preparation tUvoIves vanous <;teps wIuch can be bloken IIlto speCIfic umt

opel atiOns Each umt operatiOn must be performed propelly to assure that fimshed product

quahty ~helf-hfe and food safety ale satIsfactory TemperatUle management cleanlmess and

expeditiOus handhng ale pnmary consideratiOns when processlllg fresh-cut pIOduce Each of the

umt operations wtll be descnbed bnefly and ItS lInportance detatled

UNIT OPERATIONS IN FRESH-CUT PROCESSING

Raw Matenal ReceIVtng and Storage

ingredient Inspection

The qualIty of fresh-cut product IS lughly

dependent on the quahty ofbulk commodItIes

used for processlllg Poor qualIty mgredients

wIll Yield poor quahty fimshed fresh-cut

products Produce belllg receIVed for

processmg should be sampled and tested for

recelVlllg temperature mCldence of defects

(1 e brmslllg, bleillishes, freeze damage ill

tranSIt, etc) and msect mfestation Dock

facilitIes should be enclosed, well tllummated

and refil.gerated Wntten specIficatIOns and

sample plans should be used to mspect

mcommg bulk commodities and any vanance

from the specIfied quahty should be

Immediatelv noted and brought to the

attentiOn of the processlIlg management

personnel

Upon acceptance of raw matenab the lot

should be tagged With the date of receipt on

each bo\. or b1l1 to dssure first III first out

PeelIng~ Hand PreparatIon

+
Size ReductIon

+
Defect & Size SortIng

+
Treatments ~Washmg& Coohng

+Dewdtermg

+Pack.,lgmg
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IIlvcntory rotatIOn 1 he accepted plOduct <;hould be qUIckly moved II1to the appropnate

tcmpCf1tUI e storage 100m PCllnanent J ecord<; of the amount and quahtV of each lot should be

documcnted and be avaIlable to bulk commodity buyel and processmg management team Man\

pi oblems can be aVOIded by reJectmg mfenOl qualIty product on the recelVlIlg dock and not

allowmg It II1to cold storage or the processmg 100m If you are buymg produce from another

grower It IS especIally Important to keep good recOI ds and do lllspectlons before acceptmg

mcommg produce

Product Flow Bulk commodItIes should be segregated from fimshed products to prevent ClOSS

contammatlOrl incompatIble commodItIes should also not be stored m the same cooler together

(e g apples and lettuce) intermedIate stage commodItIes (e g, whole peeled omons or carrots)

dre best ~tUled wIlh bnlk COmmodIties, a~ further prOL,es~mg and WdShIng will De done StOled

m-process mtermedlates should also be date labeled to assure first III first out mventory rotatIon

Processmg Imes should be laId out m a lmear fashIOn WIth as few 900 angles and vertIcal drops

as possIble Treatmg whole bulk commodItIes and mtermedlate fresh-cut products as gently as

pOSSIble dunng processmg IS unportant to IDilllIDlZe Ullilecessary brUlsmg and stress whIch may

reduce product qualIty and shelfhfe Reusable plastIC totes or bulk bms may be used to mOve

or store product BUT they must be properly labeled (1 e Food Only), as well as cleaned and

sallltIzed on a regular baSIS

Prehmmary Washmg and Sortmg

FruIt and vegetable products al e

sometimes receIved WIth caked on

dlrt 01 dust Washmg and even

scrubbmg some commodmes and

then nnsmg m cold chlonnated water

may be necessary to remove dIrt and

reduce mIcrobIal populatIOns befOIe

cuUmg The rotary drum washer

shown hel e can speed up the cleanmg
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of large amounts of small -sIzed produce

ImmedIately removmg any fiuItS or vegetables that

show SIgns ofdecay from the processmg hne WIll also

help keep reduce mIcrobIal contammatIOn

PeelIng

Some commodItIes such as carrots, omons and most fruIt requITe peelmg to remove tough fibrous

skm before cuttmg There are numerous peelmg methods used m the canmng and fi ozen food

mdustry However most are not appropnate for fresh-cut products

Hand Peelmg Hand peelmg of fruIts and vegetable products WI11m most cases proVIde the htghest

qualIty product and the htghest yteld Hand peelmg IS extremely labor mtenslve, but IS currently the

only optIOn for some commodItIes

AbraSIVe Peelmg AbraSIVe peelers are commonly used m the fresh-cut mdustry for such Items as

carrots and omons These peelers utilize abraSIVe surface rollers to remove the outer skIn from the

product The skm IS washed away WIth a fine spray of water YIelds can be vanable dependmg

upon the operator as well commodIty SIze, shape and qualIty AbraSIve peelmg can be very

damagmg to commodItIes and may result m surface scanng whtch results m chalkmg or whtte blush

m peeled carrots

Size ReductIOn I Cuttmg

Product Hand Prep Cores stems seeds and other unwanted plant parts must be tnmmed and

discal ded from the bulk commodItIes before further SIZe reduction IS done Hand knIves and

statIOnary conng umts ale effectIvely used for thiS operation KnIves and corers should be kept

clean sal1ltary and sharp Any products e~Jllbltlllg decay should be dIscarded and not cut at these

stations as It WIll contammate the cuttmg surface WIth microbes, and potentially allow for the
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contammatIOn of each successIvely tnmmed frUIt or vegetable TIllS IS also the pnmary area for

sortmg out decay or defects Ifdefects and decay are not sorted out at tlllS pomt, one defect WIll

be cut mto many small pIeces and be dIspersed III a large amount of product makmg It almost

nnposslble to S011 out

Cuttmg EqUIpment Aftel prehmmary tnmmmg, SIze reductIOn IS done Vla one of any number of

cuttmg machmes There are many manufacturers of shcers and choppers such as Urshel,

Brothers, Waterfall, Hobart, and Altman, to name JUst a few Kmfe sharpness IS a cntlcal factor

smce dull knIves can slgmficantly reduce the shelf lIfe of fresh-cut products Replacmg and/or

sharpenmg kmves on a regular baSIS IS htghly recommended TrackIng either the hours of

operatIOn on each set ofblades or closely Vlsually mspectmg cut surfaces are methods wIDch can

be used to assess when blades need to be sharpened or replaced

SIZe and Defect Sortmg

SIZe Sortmg SIZe sortmg IS done to assure that fimshed product pIece sIZe IS WIthm acceptable

hmtts to meet customer needs The most effective \\- ay to accomphsh thts IS by the use of shaker

screen SlZers, whtch allow underSIZe small pIeces (fines) to pass through a vlbratmg screen

PIeces greater than the sIZe ofthe aperture ofthe shaker screen will contmue on to the next steps

m processmg

Defect Sortmg_ Sortmg after cuttmg IS often done to remove physIOlogical defects and/or off cut

pIeces Due to the number of dIfferent defects WhICh are encountered tramed people on the

sortmg hne are the best solutIon to tIllS problem hlCreasmg the number ofpersons sortmg when

htgh frequencies ofproduct defects (e g tIp bum m lettuce) are e.....-pected IS the only solutIOn
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Washmg/Coohng

Properly washmg and coohng fresh-cut ploducts ImmedIately after cuttmg IS one of the most

Important steps m fresh-cut processmg Washmg m cold cWonnated water after cuttmg helps

remove microbes, dIrt and cel1ular JUIces at the cut surfaces Rmse water temperature, contact

tune, chlonne content and pH al e all key parametel s to assure that products are nnsed and cooled

plOpeily

TemperatUle Rmse watel temperature should be as cold as possIble for the product bemg nnsed,

and 0 °C IS optunal fOI most products Rmse watel temperature at the entrance and eXIt pomts

from the nnse system should be morntOled frequently unot contmuously to assure that product IS

bemg cooled properly and to assure that the cht11ed water dehvery system capacIty has not been

exceeded

Contact Tune The longer the fresh-cut product IS m contact With the nnse water the coldel the

fresh-cut product will become Fresh-cut product must be as cold as possible when eXItmg the

nnse water system (and kept cold) smce It IS almost nnpos~lble to cool fresh-cut products once

they are bagged boxed and palletlZed Product temperatule at the eXIt of the nnse water system

should be mOlltored to a~sure that proper coohng has occurred Rmse water may be sprayed on

fresh-cut producls from above VIa nozzles as It proceeds on a conveyor belt or the fresh-cut

product may be submelged and flumed through the nnse S}stem. Submerged flummg systems

have the advantage of gently agltatmg the product pieces and more effeCtIVely removmg dIrt and

other debns Flummg also al10ws for the long distance transport of product to a separate

packagmg area

CWonnatlOn Total cWonne up to 200 ppm IS currently allowed ill food processmg nnse watel to

assure potability 50 to 100 ppm IS, however, usual1y suffiCient Mamtammg these levels of

chlonne at an tImes IS cntIcal to reduce filcloblal populatIons on a fresh-cut produce and reduce

cross contal111natIon m the nnse watel system Chlonne IS lllJected illtO the nnse water system as

eIther a gas or a hqUld (Sodmm or Calcmm Hypochlonte) Careful mOlltonng and control offiee
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chlonne levels dunng processmg 1<; clltlcal Chlonne test llt<; or bIOlogIcal 0""ygL11 demand

(B 0 0 ) mete! s <;llOUld be used to mOl1ltol <lIld adju<;t chlonne levels [xce<;slvely 11Igh

concentratIOns ofchlonne wlll damage fi e<;h-cut produce and reduce shclfhfe as well a~ cause off

flavOl sand odOl <;

pH Chlonne fimctlOns best as a bactencide at a neutral or shghtly aCIdIC pH If the pH of the

nnse water Increases above 7 5 chlonne IS meffectlve as a bactencldal agent because It IS not 111

ItS actIve form Closely momtonng the pH ofthe nose water and ad]ustmg It WIth an appropnate

aCId (phosphonc or cltnc) or base (sodIUm hydroxIde) IS an often overlooked factor 111 fresh-cut

processmg operatIOns

pH Effects On Active Chlorlne
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Dewatermg OperatIOns

CentnfugatIOn_ The method of chOIce m the fresh-cut mdustry to dewater product IS VIa

centnfugatIOn (splllnll1g to force watel to the outsIde of a collectIOn vessel) TIle tIme and speed

of centnfugatIOn are key palameters to adjust for each product ExcessIve centnfugatlon WIll

result 111 cellulal damage and cau~e plOducts to leak flUIds after packagmg, greatly reduclllg

qualtty

Forced Au Many fre~h-cut products ale too delIcate to WIthstand centnfugal drymg and forced

aIr 111 a semI flUIdIzed bed may be used to stnp water away from products It IS most effectl\ e on

product pIeces whIch have smooth surface" alIowm.g water to be swept away fiom the product

HIghly textured surfaces WIth nooks and cranmes are much more dIfIicult to dry VIa tlus method

Any forced arr used III such an operatIon must be filtered so as not to contamlllate ploducts

Packagmg

WeIglung The first step m the packagmg of fresh-cut products IS gettmg the correct amount of

product, mto the package Tlus IS often accomphshed by manually weiglung each bag ofproduct

and addmg or removlllg product to the desrred weIght

Baggmg and Seallllg PQlymenc film bags and trays for fresh-cut produce come m many SIZes,

shapes and formulatIons Bags may eIther be purchased already sealed on the SIde and bottom

or formed on SIte from rolls or orecut film SIde and bottom seahng films on SIte reqUIres

substantIal capItal expendIture for eqUIpment and IS used for lugh volume Items Pre-formed

bags are slIghtly more expensIve than lOlls of film but requrre only small capItal mvestment for

seallllg maclnues When fresh-cut products are

packaged the atmosphere wlthlll the package

may be evacuated 01 flushed WIth a ITIlx'ture of

gases to more rapIdly establIsh a deslI able

modIfied atmosphel e The con ect combmatlon

of packagmg matenal ploduce weIght and gas

compOSItIon wlthm 1 package ate cl1tlcal

components whIch must be detenmned for each

product to mallltall1 product qualIty and c'\tcnd
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product shelfhfe (See the sectIOn on MAP III Chapter 5 for detaIls) Pac1.agmg cannot coneet

tor unsallltary plOduct handhng, temperature abuse 01 poor quahty raw matenals Inconeet

chOIce of pac1.agmg matenals may also cause accelel ated detenoratlon of products Some

processors add a freshness mdIcator label to the package m order to give produce buyers and

consumers addItional confidence III produce quality

, -
BAG LEAK DETECTOR Tank of
clear glass (a 20 gallon fish tank
V\.Qrks 'Nell) full of clean vvater alloW>
V\.Qrkers to check vIsually for air leaks
In sealed bags of fresh-cut produce

Proper sealIng ofbags IS cntIcal m mamtammg

product quahty SInce as bags WIth l1llperfect

seals wIll have near ambIent oxygen

concentratIOns and accelerated brownmg Seal

bar cleanhness, temperature and dwell tune

must all he carefully controlled and mOilltOl ed

to assure good seals are bemg consIstently

produced Seal mtegnty as .veIl as SIde and

bottom seals on pre-formed bags should be

checked often

Metal DetectIOn As part of a good manufacturmg practIce all fresh-cut products should be

screened for the presence of extraneous ferrous and non ferrous metal fragments Nails and

staples from bms and boxes as well as fragments fi om kmves and screws from eqUIpment are all

pOSSible sources ofmetal fragment cOlltammatlon Metal detectors must be properly cahbrated to

functIOn effectively and whenever product package sIZe changes the metal detector must be

recahbrated As the net weight or volume of product gomg through a metal detector mcreases

sensItIvity decreases On hne metal detectOl s should also be eqUIpped WIth some sort ot ejection

devIce wlndl removes anv pI oduct winch sets off the metal detectOl Numerous brands of metal

detectors are avaIlable and allow for the contmuous screenmg ofbagged products
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BOXIng Fresh-cut product boxmg IS the last step m the processmg operation Boxes should be

pre-cooled to make sure that cold product IS not packed mto warm boxes Boxes of product

should always carry a date of manufacture 01 use by date and productlOn code to allow first m

first out product rotatlOn and posslblhty of product recall m case such an event IS needed

Numelous sizes and types ofbox fonmng, seahng, and labelmg eqmpment are avatlable

TREATMENTS FOR SHELF LIFE EXTENSION

SignS ot detenOlatlOn offiesh-cut products mclude bruised or broken pieces, wtltmg, shnvelhng,

flacldlclty, mushmess, development ofoff-colors presence of free hqmd m the package, presence

ofundesrrable odors, or bloated bags due to excess gas m sealed bags

Fresh-cut products generally fall due to the

following reasons

1) microbIal spoilage,

2) excessive tissue softenmg, and/or

3) tissue brOWning at cut surfaces

Ill!

One ofthe reasons fresh-cut products are so popular Wlth health consclOUS consumers IS the lack

of addItIves and preservatIVes used dunng processmg However, some acceptable treatments do

eXist for shelfhfe extenSIOn

MIcrobIal Spodage

TIle best tool to fight agamst ffilcroblal spoilage IS lffiplementatlOn and momtormg of a Vigorous

cleanmg and samtatIOll program (descnbed earlIer m tlus chapter) Cold temperatures and the

chlonnatlOn TInse of fresh-cut products effectively reduce ffilcroblal growth and are key factors

for attalll111g good product shelf-hfe It must be remembered that there IS no one step dunng

fresh-cut processmg that ktlls pathogens and no amount of washmg Wlll completely remove

pathogens from produce Iflt IS contammated
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Control of TIssue Softenmg

TIssue softemng IS a very senous problem espeCIally m fresh-cut £lult products The flesh firmness

of fresh-cut flult plOducts can be mamtamed by tl eatments calcmm salts Dlppmg fresh-cut

products 111 solutIOns of0 5 -1 0% (1 % = 109 pel lIter of water) calcmm chlonde IS very effectIVe

lt1 mamtammg product firmness However, calcmm chlonde may leave abItter off-flavor on some

products Calcmm salts such as calcmm lactate and calcmm acetate may also be used Kev

factOls whIch must be addressed when USIllg such treatments are salt concentratIon, temperature

and contact tlille

Control of Browmng

An lillportant Issue III fresh-cut processIllg IS the control ofbrowmng of cut surfaces OXidatIVe

browmng IS caused by the enzyme polyphenoloXIdase (PPO) wInch ill the pIese.ac~ of oxygen

converts phenohc compounds III fruIts and vegetables to brown pIgments Outhned below are a

number of strategies which may be used to 1educe PPO brownmg

Reduced Oxygen Because PPO reqUITes oxygen to Illduce brownmg, reducIllg the amount of

oxygen m a package of fresh-cut product by modrfied atmosphere vacuum packagmg or gas

flusbmg will sIgnrficantly reduce the rate of browmng Reducmg the oxygen concentratIOn m a

package of fresh-cut products will only slow the rate of browmng and not completely stop It

Careful deSIgn of a fresh-cut package IS essentIal to assure that the proper amount of oxygen IS

present ExceSSIVe amounts of oX\-gen m a pa(,kage may accelerate browmng, wh1le too httle

oxygen may cause anaerobIC metabohsm and the productIOn of off flavors and odors

ACIdIficatIOn PPO works best at promotmg brownmg at a neutral pH of7 Therefore browlllllg

can be slowed bv dlppmg products 111 mIldly aCIdIC food gl ade SOIUtIOllS of acetIc ascorbIc cItnc

tartanc fum~mc or phosphonc aCId The lowered pI oduct pH slows broWllIUg but aCIds may leave

off flavors as well as tIssue softenlllg and must be used WIth C31e

Reduclllg Agents AscorbIC aCId or erythrobate (an Isomer of ascorbIc aCId) are two common

compounds used 111 the food mdustrv to prevent PPO bIowlllng AscorbIC aCId or erythrobate stop
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PPO browlllng by convert109 qumones (formed by PPO from phenolIcs) back to phenolIc

compounds Unfortunately, once all the ascorbIc aCId or erythrobate are used up, PPO brownmg

WIll proceed unmhIbited AscorbIc aCId or erythrobate are commonly used as a I% solutIOn to

prevent browomg of cut surfaces TIlese compounds are orgamc aCIds so they also reduce the pH

of commodItIes and slow PPO brownmg

COSTS AND BENEFITS OF FRESH-CUT OPERATIONS
Costs
eqUIpment
labor
matenals
coolmg (mechamcal refrIgeratIOn or Ice)

Benefits
hIgher market value

Examples
Peeled cucumber or radIshes dIpped 10 lIme JUIce make refreshIng snacks The produce costs
about Rs 5/kg (Rs 0 10 to 020 per pIece) and the fresh-cut produce sells for Rs 2 per pIece

Fresh frUIts sell for about Rs20/kg (Rs 2/100g) Peeled, cut fruIts served on a plate sell for Rs 5
to RslO for a 100g serv10g

SUPPLIERS OF EQUIPMENT AND MATERIALS FOR FRESH CUT PROCESSING

bm dumpers

CitruS peeler/corers

conveyors

custom frult/Veg fresh-cut eqwpment
vegetable eqwpment

dlcers

freshness labels (ttme-temperature mdlcators)

packmglsortmg tables

Brothers' Metal Products, Inc
Weldfab Manufactunng Inc

Murotech CorporatIOn

Brothers' Metal Products Inc
Weldfab Manufactunng Inc

Garroutte Inc
Vanmark Corporation

Urschel Laboratones

Llfelme Technologty Inc

Brothers' Metal Products, Inc

PART II SMALL-SCALE PROCESSING TECHNOLOGIES FOR HORTICULTURAL PRODUC rs

_/).fO



shredders

shcers

spmnel s I spm dners

stnp cutters

CHAPTER 12 FRESH-CUT PRODUCE

Commercial Shcers Con Inc
Urschel Laboratones

Brothers' Metal Products Inc
Urschel Laboratones
CommercIal Shcers Con Inc

Brothers' Metal Products, Inc
Slmnse Food Maclunery
Weldfab Manufactunng Inc

Urschel Laboratones

Page 12 14

stenhzatlOn control systems (chlonne)

wash tank conveyors

Suppher AddresseslPhonelFAX

Stranco Inc

Brothers' Metal Products, Inc

Brothers' Metal Products Inc, 1270 North Grove Street AnaheIm CA 92806
Phone (714) 630 105] FAX (714) 6325032

CommercIal Shcers Company, Inc, 56A North Seneca Street Waterloo, NY 13165
Phone (315) 539 5415 FAX (315) 539 4640 e-mml commshcer@aol com

Garroutte Inc, POBox 1747, WatsonvIlle, CA 95077
Phone (408) 722 2487 FAX (408) 722 3409

Murotech CorporatIOn 23820 Hawthorne Blvd Torrance CA 90505
Phone (310) 79] 1776 FAX (310) 791 7252

Stranco Inc POBox 389 595 Industnal Dnve Bradley IL 60915
Phone (815) 932 8154 FAX (815) 9320674 e-mml sales@stranco com

Swmse Food Machmery POBox 2106 Freedom, Cahfonua 950]9
Phone (408) 696 0222 FAX (408) 722 0207

Urschel Laboratones POBox 2200 ValparaISO IN 46384-2200
Phone (219) 464 4811 FAX (2] 9) 53 1 0219 e-mml marketmg@urschel com

Vanmark CorporatIOn Industnal Parkway Creston IA 50801
Phone (515)7826575 FAX (515)7829209

Weldfab Manufactunng Inc, 11045 CommercIal Parkway CastrOVIlle CA 95012
Phone (408) 6333620 FAX (408) 6330644
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PRODUCE DRYING

DehydratIon or drymg offuuts and vegetables can be accomphshed WIth httle capItal and produces

plenty oflngh quahty, less penshable food products Drymg IS the stmplest and most natural ofall

food processmg teclmologtes, and preselVes fresh produce by removmg most of Its free water

The lower water content ",lows the rate of resprratlOll, enzymatIc actIon and overall detenoratIon

rate, makes products less susceptIble to decay and much eaSIer and less expenSIVe to store and

transport Whtle all hOltlcultural produce can be dned, not all commomtles become htgh quahty,

good tastmg dned products

You can dry produce naturally m the sun (drrect solar drymg), VIa solar assIsted methods (mdrrec~

solar dryIng), or WIth added ventIlatIon and heat to speed the process (electnc, gas or mesel

powered dners) Drymg m the sun IS the least expenSIVe method, and qmte VIable Ifyour chmate

IS hot and dry dunng harvest ttme, but also the slowest method and often results ill products of a

lower overall quahty Pre-treatments such as blanchmg and ascorbIc aCid dIpS used before dry'.ng

can aSSIst you to reduce losses of flavor, color and nutntlOnal quahty that can occur when drymg

produce Value can be added to dned products by enhancmg flavor dunng drymg (for example by

addmg spIces to vegetables, or sweetenmg fiUltS With sugar or honey dIpS)
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1111S chapter \VI1l proVIde mfonnatIOn on I) produce types and cultIVars known to result In lugh

quahty dned ploducts 2) a vanety of pre-treatments used to reduce qualIty detenoratIOn, 3)

detatls on methods of dlfect solar mdu ect solar and power-assIsted drymg, 4) dehydratIOn

eqUIpment you can bUIld or buy and 5) packagmg optIOns for dned produce The chapter

concludes WIth d SImplIfied example to help you to work out the costs and benefits related to

producmg and drymg fresh produce and packagmg, stonng and marketmg dned products
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GENERAL DOs AND DON'Ts FOR PROCESSING HIGH QUALITY
DRIED HORTICULTURAL PRODUCTS

Dry only those frUits and vegetables that Will result In a high quality, Marketable
product

Start With high quality freshly harvested produce Allow frUits to npen on the tree or
vine

In general, the faster a food IS dned, the better the quality of the dned product Will be
(better flavor, color, texture and higher nutntlonal value)

Wash produce thoroughly before pre-treatments and/or preparation for drying

Pre-treatments can reduce browning and loss of vitamIns (blanching, sulfunng,
vanous dips such as lemon JUice, acsorblc aCid solution, sodium bisulfite, pectin or
honey)

Dry as qUickly as possible but keep drying temperatures from getting so high that the
produce flavors change and produce becomes "cooked" (maxImum 53 to 57°C or 1300

to 140 OF)

Expose as much surface as possible to speed drying rate (slice shred, grate or chop)
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Dos and Don'ts continued
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Peel produce to expose more surface area, remove stems, seeds, Pits

Produce pieces should be uniform In size and thickness

Spread produce out In a thin, single layer on slatted or screen trays

Remove surface mOisture (wipe with a clean cloth or paper towel)

Air movement over and below the trays Will Increase drying rate

Always test produce for adequate dryness before stonng (until leathery
for fruits, 15 to 20% mOisture, cnsp-hard for vegetables, about 5%
mOisture Actual times for complete drying Will vary Widely)

If drying outdoors In the sun, take trays Indoors If It threatens to rain, and
at night to prevent the collection of dew on the produce

Take care to aVOid dust dirt and Insect contamination dunng drying

ConSider adding value with special seasonings or sweetening produce
dunng drying If you have a ready market for such products

Seal wooden trays with milleral Ol! (pine and cedar Will transfer odors to
produce)

Do not use galvanized screen for trays as It Will contaminate foods

Store dned products In small, airtight containers and protect products
from lIght

Check stored products for mOisture, and dry further If any condensation
IS found In containers to aVOid proble'lls with fungal growth, mycotoxlns
or aflatoxlns (found predomlnanatly In tree nuts)
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HORTICULTURAL COMMODITIES AND COLTIVARS
SUITABLE FOR DRYING

Nuts All nut crops must be dned before storage

Fruits (fully npe)
Apples- Gravenstem Granny Smith Jonathan Rome Beauty
Apncots-- Blenheim/Royal Tilton
Bananas-- Cavendish Gros Michel Martinique Red Jamaica
Bluebemec;
Chernes (sweet)- Lambert Royal Ann Napoleon Van Bing
Currants-- black seedless vanetles
Dates
Flgs-- Kadota White Adnatlc Black MISSion
Grapes-Thompson Seedless
KIWIfruit
Mangoes
Melons- cantaloupe Honey Dew watermelon
Nectannes
Papayas
Peaches
Pears-Bartlett Summer
Persimmons
Pineapples
Plums- prune types 0 Agen French Impenals Brooks italian Prune
Strawbemes

Vegetables
Beans (green)- Tendergreen Blue Lake
Beets-small sized Detroit Dark Red Morse DetrOit Ohio Canner
Carrots-Imperator Red Cored Chantenay
Com (sweet)-- yellow vanetles
Garllc- use only firm cloves WIth no bruises
Horseradlsh-- use only fully mature roots
Mushrooms- Boletus edulrs Chantrelles Morels Agancus Brsporus
Okra-- less than 4 Inches (10 cm)
Onlons- Southport White Globe and Yellow Globe Red Creole White Creole
Ebenezer
Parsley and herbs
Parsnips
Peas (green)-- Dark Seeded Thomas Laxton
Peppers (sweet and chilies)
Potatoes
Pumpkins
Squash (\Mnter)
Sweetpotatoes
Tomatoes-- fully npe Roma or paste types Red Pear Del Oro Viva Italla
Turnips --young small

Page 134
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Preparation for Processmg

In addltlon to washlllg produce With clean, good qualIty water, certalll produce requrres specIal

preparatIon before drylllg for best results

Removlllg any llledible parts Woody stems (chernes, grapes, currants, bernes, mushrooms)

llledible peels or pods (omons, gallIc, ktWtfhllt, melons, bananas, mangoes, green peas) and pIts or

seeds (chemes, papayas, melons) should be lemoved

Peels can be removed from stone frmts, tomatoes, and apples to speed drymg rate

FruIts such as grapes, plums and bluebemes have a waxy coatmg on therr peels wlich must be

"checked" by qmckly dlpplllg m boiling water or the skIns must be pIerced before begmmng the

drymg process

Apncots, peaches and plums will dry faster utherr backs are "popped" after bemg halved and pItted

(pushmg the peel SIde mward to expose more ofthe SUliace)

Large sIZed fruItS should be cut or shced mto pIeces ofun1form SIZe and tlickness (114 mch to 1/2

lllch, or 06 to 1 2 cm tlick) Smaller sIZed fruItS can be halved or quartered

Vegetables should be cut or slIced mto smaller pIeces (1/8 mch cubes, shredded or dIced) to reduce

drymg tlme-- taste and texture are lost u drymg takes too long (more than 14 hours)
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Pre-treatments-Blanchmg

Some vegetable produce benefits from blanchmg m bodmg

w.lter or steam before drymg Blanchmg IS qUIck,

IJ1complete cookmg, whIch ends certam enzymatic reactIons

m the fresh product expels tIssue gases Blanchmg

decreases the mIcrobIal populatIOn present on the surface of

fresh produce and helps retam bnght color, good texture and

fresh flavor after processmg Follow the chart below for

blanchmg tunes, and always rmse blanched produce under

very cold water or dIp the hot produce rnto and Ice water

bath to stop the COOklllg process Steam blanchmg takes a httle longer but results ill less loss of

Vltamms Bl' B2, maCill and ethan bOllmg water blanchmg

Blan':hmg times for vegetables

Balling water Use one gallon of bOIling water per pound (8 liters per kg) of produce
Steam blanching Use 2 Inches (Scm) of water per Ib or 1/2 kg of produce
Place produce In a colander on a Vv'Ire rack or In a steam basket

Commodity Blanching time (mlnutes)*

BOlling water Steam

4 to 5
3 to 4
4
3

30
5
5
4

3
2
4 to 6 until translucent
2 to 3 until soft
5 to 10 until soft 5 to 10
30 seconds then cold water dip to remove skins
5 5~8

Beets 15 until tender
Carrots 5
Com (whole ear cut kernels off repeat) 3
Green Beans 3
Leafy greens 2
Mushrooms 3 to 5
Okra
Parsnips
Peas
Potatoes (new)
Pumpkin
Sweetpotatoes
Tomatoes
Turnips

*Add 1 minute to blanching times for each 2000ft If you live at an elevation of over 4000 ft

Sources ChlOffi N and Mead S 1991 f...wp1l1g tilL / [aI'\'(.. \1

and McClure S Iqn f hL Han L\1 (,a1 dUlLr Pownal YT Storey CommUllIcatlons Inc
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Pre-treatments--Sulfurmg

FruIts such as apples and apncots are somettmes treated WIth sulfur before bemg dned Sulfunng

helps prevent dal kenmg loss of flavor and loss ofvitamm C and reducer;; the mIcrobIal populatIon

present on produce tIssues Fruits dry faster after bemg sulfured and msects are not as much of a

problem dunng drymg Treatments can be made by exposmg plepared produce to fumes fiom

bUnlmg sulfur powder for up to several hours or via solutIOllS (dIppmg fruit m a potassmm

metabIsulfite OJ sodmm bIsulfite solutIOn fOI one mmute)

DespIte Its techmcal benefits, treatment With sulfur can be a problem for several reasons Some

consumers dIslIke the taste of sulfured produce whIle a small percentage may have an allergiC

reactIOn (always label your products as sulfured to provIde consumers WIth thIs mformatlon so

they can protect themselves from harm) FruIts treated WIth sulfur fumes cannot be dned mdoors,

smce the odors are too strong

Sulfurmg by dIppmg m bIsulfite solutIons Recommended for apples, green peas, available as

commercIal preparations such as FfUlt-Fresh®

Use a solution of 1% potassmm metabisulfite (1 Thsp ill 1 gallon, or 10 ml ill 1 hter ofwater) for

one mmute or 2% sodmm bIsulfite solutIOn (2 Thsp m 1 gallon, or 20 ml m 1 hter ofwater) for up

to 5 mmutes Dram and pat dry before laymg produce out on dfYmg trays

DRYING TRAY
Sltced produce spread III a tllln slIlgle layer on a screened tray
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Sulfurmg times, 13 burnmg sulfur powder for selected frUIts

(bum one tablespoon of sulfilr powder per pound or 35 ml per kg of funt)

Page 138

Commodity

Apples
Apncots
Chemes
Nectannes
Peaches
Pears

Sulfunng Time

Halves

3 hours
30 minutes
3 hours
2 to 3 hours
4 to 5 hours

Quarters

1 hour
2 hours

20 minutes
2 hours
2 hours
2 hours

Slices

45 mrn

1 hour
1 hour

Sources Mtller M et al 1981 DrvIng Foods at Home Umverslty of Cahfomm DIVISion of
Aglcultural SCience Leaflet 2785 and Hobson P 1994 Mal..Ing and Uszng Dried FooeL..
Pownal VT Storey CommumcatlOns Inc

A low cost sulfiLrmg box can be constructed from a large cardboard or hghtweight

wooden box that IS vented ill several places to allow adequate ventuation Trays for

drymg can be stacked usmg bncks and wooden spools as spacers The trays must be

made completely of wood, smce

sulfur fumes will corrode metal

The entrre assembly must be

located out of doors, preferably 011

bare soil Use one tablespoon of

sulfur powder pel pound (35 mls

per kg) of funt Place the sulfur 111

a contamel well a~av from the Side

of the box Slllce It WIll become

qUIte hot Once the powdel IS

bUffilug well seal the bottom edges

of the box WIth soIl

-

Source Miller (1981 )

SLASH

SLAllEO
WOODEN
lRAYS
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Pre-treatments-- Recipes for frUit dips

Some fruIts can benefit from a bnef dIp m aCId pectm sugar 01 salt solutIOn Never leave fruIt m

the pre-treatment solutIOn for more than a few mmutes (3-4 m111utes maXImum)

AscorbIC aCId dIpS Recommended f01 apple slIces apncots, bananas peaches, nectannes, pears

use 5 grams vitamm C tablets clUshed mIL or I qumt of lukewarm water or 30 ml (2 Tbsp)

acsorbiC aCId powder mIL or I quart lukewann water Shce 01 chop fruIts drrectly 111to the

solutIOn, remove With slotted spoon dram well and pat dry

Pectm dIp Recommended for bemes, chemes and peaches and nectannes

1 box powdeled pectm m I cup (250 ml) water, strr, bOll 1 mmute Strr m 1/2 cup (125 ml)

granulated sugar, dIssolve Add cold water to make two cups (500 ml) syrup Chill Cut frmt mto

syrup, coat thoroughly, remove With slotted spoon, dram well and place on trays

Honey dip Recommended for bananas, pears, peaches, nectarmes, apncots, pmeapple,

strawbemes MIx 1 cup (250 ml) granulated sugar m 3 cups (750 ml) hot water Strr m one cup

(250 ml) honey Dip cut fruit, remove With slotted spoon, dram well and place on trays

Fruit JUIce dips Recommended for apples, apncots, peaches, nectannes, bananas

PIneapple Dip cut frmt m undIluted pmeapple JUIce Dram well, place on trays

Lemon MIx 1/4 cup (63 ml) lemon]Ulce With one quart (l L) warm water

Dip cut fruIt, remove With slotted spoon, dram well and place on trays

Salt water lip MIx 6 Tbsp (90 ml) flaked Plcklmg salt m 1 gallon (4 L) lukewalID water Shce or

chop fruit duectly mto solut.on, remo"ewtth slotted spoon, dra.n vVell--and pat dry
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DRYING TEMPERATURES AND TIMES
FOR PRE-TREATED FRUITS AND VEGETABLES

Test produce for dryness about one half way through the recommended drymg

tnne Dned fruIts WIll be plIable (apples, apncots, plums, strawbemes) or leathery

(chernes, glapes, peaches, pears) wlnle dned vegetables WIll be cnsp (garhe,

parsmps hot peppers, potatoes, tomatoes), hard and bnttle (beets, com green

beans, carrots, peas), papery (omons) or tough (sweet peppers, rhubarb)

Solar dryIng Power-assIsted dehydratIOn
(days) Temperature Time In hours

FrUits OF °C (check at 1/2 vvay)

(fully npe, sliced)

Apples 2-3 130 54 6-8

Apncots 2-3 130 54 12-36

Bananas 2 130 54 6-8

Bluebernes 2-4 130 54 12-24

Chernes 1-2 130 54 10-12

Currants 130 54 18-24

Dates 130 54 12-24

Figs 5-6 130 54 36-48

Grapes 3-5 130 54 24-48

KIVvlfrUit 140 60 12-18

Mangoes 130 54 24-36

Melons 130 54 10-14

Nectannes 130 54 10-12

Papayas 130 54 24-36

Peaches 4-6 130 54 24-36

Pears 2-3 130 54 12-18

Persimmons 3-5 130 54 18-24
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Solar dryIng Power-assIsted dehydratIon
(days) Temperature Time In hours

Fruits OF °C (check at 1/2 way)

(fully ripe, sliced)

Pineapples 3-4 130 54 24-36

Plums/prunes 45 140 60 18-24

Strawbernes 1-2 130 54 12-18

Vegetables
(diced or chopped)

Beans (green) 4-5 130 54 48

Beets 1-3 130 54 4-8

Carrots 2-3 130 54 12-18

Corn (sweet) 1-2 130 54 8-12

Garlic 130 54 6-8

Mushrooms 1-2 130 54 8-12

Okra 1-2 130 54 8-12

Onions 2-3 130 54 12-24

Parsley and herbs 90 32 6-8

Parsnips 1-2 130 54 12-18

Peas (green) 2-3 130 54 12-18

Peppers (sweet and chilies) 1-2 130 54 8-18

Potatoes 2-3 130 54 12-18

Pumpkins 2-3 130 54 12-18

Squash (WInter) 1-2 130 54 8-18

Sweetpotatoes 1-2 130 54 12-18

Tomatoes (fully npe) 1-2 130 54 6-8

Turnips 2-3 130 54 12-18

Sources Hobson (1994) and DeLong (] 979)
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DRYING MFTHODS

">ol.lr I>rymg

Horticultural produce can be dlled usmg du ect or mdlfect solar radiation TIle sImplest method

for solar drymg IS to lay produce dIrectly upon a flat black smface and allow the sun and wmd to

dry the crop Nuts can be dned effectlvelv 111 tins way

Solar drylllg works best m a hot, dry chmate When drymg

produce ill the SUD, place the prepared produce III the SUD for

the first 2 or 3 days, then move It to a venthated shady spot

to complete drymg If you hve m a locatton WIth a hIgh

relatIVe hUDlldIty, solar drymg may take too long to produce

a htgh quahty product

apples
stone frUits
pineapple
currants
grapes

figs
dates
pears

Solar drying IS

recommended for

SImple dIrect dners can be made from trays of screenmg

'-- .......J matenal propped upon wooden or concrete blocks to allow

aIr to cIrculate under the produce A layer of cheesecloth can

be draped loosely over the produce, protectlllg It from msects and bIrds while drymg Produce

dned outdoors m IndIa IS often unsafe due to exposure to bIrd droppmgs
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Tlays should be made of food-grade matenal" such as stamless steel plastIc or nylon Coppel,

alummum and galvamzed metals (cadmIUm .md zmc plated metals) should not be used-

copper reduces the vltamm C content m many foods alummum wIll dIscolor some fruits and ZInc

and cadmIUm al e dissolved bv fuut aCids and cause dned pI oducts to become tOXIC

Solar dners

MOl e complex models ofsolar dners ha\ e glass or clear plastIc wmdows that cover the produce

proVldlUg some plOtectlOll fiom lUsects wlnle captunng more of the heat of the sun

Dnect solal dner (Source YaclUk 1982)

Holes for

incoming air

Ven{ holes
:.,.r.:...,..L------ for warm air

Brace or Lawand type cabmet dner

(Source Intermed1ate Technology PubhcatlOns 1995)

PART II SMALL-SCALE PROCESSING TECHNOLOGIES FOR HORTICULTURAL PRODUCTS



CHAPTER 13 PRODUCE DRYING Page 13 14

In order to Improve the efficiency of sun drvmg, some SOli of structure must be used to captUJ e

solar radIatIOn Further Improvement comes when you add a fan to move aIr through the trays of

produce Vanous types ofsolar dners have been developed and are Illustrated below

Tent dller (cleal plastIc cover WIth a black floor)

(Source Intermediate Technology PublicatIOns 1995)

PAgrExCo has set up
several 40 to 50 meter
long tent dners With
polythene covers as
demonstration
projects In Punjab

Walk-through dner

(Source Intermediate Technology PublIcatIOns 1995)
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Indll ect dners are constructed so the sun shmes upon a sola! collectOl (a shallow bO\. the Itlsldes

pamted black topped With a pane of glass) heatmg all winch then moves upwatd through a stack

of foUl to SIX trays loaded With pI oduce

Cut-away VIews

(Source YaclUk 1982) Warm aIr OUI ..:.-

Shelves for crops

I,-

Transparent cover

AIr flow mSlde mdrrect drymg cabmet

Vent

Plenum

Racks for
drymg trays

Heated
Au IN

(Solar or
othc~,SL

heated)
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One ton mdlrecl c1l1mncy dner

(Source IntermedIate Technology PubhntlOns 1(9))

Forced-AIr Dehydrators (electric, oIl or gas powered)

For qUIcker, more effectIve drymg, or for drymg dunng wet weather, a dehydrator can be used

mdoors m a dry, well ventilated room. Never dry sulfur treated produce mdoors

Nut crops can be dned m bulk usmg a dehydrator that combmes a steady stream of aIr With an

ex1ernal source of heat The plenum chamber below the produce IS covered With a floor of

perforated sheet metal or wooden slats A fan located between the furnace and the plenum

chamber moves the hot aIr through the drymg produce The batch dryer Illustrated here IS

constructed of wood has an aXial type fan and burns kerosene or dIesel 011 A Wide vanety of

dryers are avaIlable from manufacturers around the world

Source Clarke (1987)
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Oven Drymg

If the weather doesn't permIt ",olar drvmg m your regIOn or your n0n11al solar dfYIng operatIOns

are tIlIeatened by ram fiults and vegetables can be dned III a laIge gas or e1ectnc oven If the oven

can be run at a low temperature Place the pIep31ed produce on bakmg or metal screen trays set

the oven temperature at 57°C ( 140 OF) and leave the doOl ajar 5 to 10 cm (2 to 4 IIlches) Drvmg

tnne can be Ieduced If\entIlatlOn IS IIlcreased by usmg a small fan placed outsIde the oven Rotate

the trays every 3 or 4 hours Wlthlll the oven and

tum foods occasIOnally to promote umfonn dryll1g

While tendlllg the trays reqUITes mOle labor, the

quahty of the finshed product WIll be greatly

unproved If you pay close attentIon to the dlymg

process

Source GeorgIa Coop Ext ServIce (1984)

PACKAGING AND STORAGE OF DRIED PRODUCTS

SUItable packages for dned produl,.,ts lI1clude aIr tIght Jars, plastIc or gla~s bottles or plastIc bags

FIll contalllers as full as possIble to remove aIr before sealIng, and consIder heat-sealIng or vacuum

sealmg plastIC bags to e'\."tend shelf hfe AVOId metal contalllers and keep packaged products III a

cool, dark place dunng storage

Check packages a few days after dned produce has beens sealed mSlde-- If there IS any

condensatIOn IIlslde the contamer, then the product needs further drymg SheIfhfe IS typIcally olle

year when plOducts are properly dned and sealed m aIr tIght packages
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COSTS AND BENEFITS OF DRYING PRODUCE

Costs
Produce
Pre-treatments
Trays and/or eqUIpment
Power

Page 13 18

The cost of dned produce depends upon the tnltlal cost of the fresh produce, the cost of any pre
tl eatments, the cost ofpower (cost ofone ktlowatt hour or cost offuel used for drymg) and the tIme
requITed for complete drymg

(cost per kwh x hours to dry) (costs of produce + pre-treatments)
+ =Cost per Ib

of dned produce
weight of dned produce weight of dned produce

The costs of storage, transport and marketmg dned produce wtll be lower m companson to
handlmg fresh produce

Benefits
Extended shelfhfe
Reduced losses
Longer marketmg penod

Example 1 Iffresh peaches are sellmg m CalIforma for the cost ofproductIOn ($0 201lb) at the peak
of the season because of a glut on the market, fresh marketmg wtll not proVIde a profit to the
small-scale grower who does not have access to mexpenslVe cold storage facilitIes The cost of
drymg 1000 Ibs ofproduce IS $100

1000 Ibs of fresh peaches ytelds 150 Ibs of dned product WIth a market value of $4 OO/lb

$200 of fresh produce can be processed to $600 ofdned product
$600 -$100 = $500 potentIal profit

Example 2 Iffresh tomatoes are sellmg m PruIJab for the cost ofproductIOn (Rs5/kg) at the peak of
the season because of a glut on the market, fresh marketmg WIll not provIde a profit to the small
scale growel who does not have access to mexpenslve cold storage faclhtles The cost of drymg
1000 kg ofproduce IS Rs 9200, mc1udmg the non-reCUlTIng costs for trays and polythene covenng

1000 kg of fi esh tomatoes ytelds 150 kg of dned product WIth a market value 111 gourmet specIalt)
food shops 111 New DelhI ofRs 200lkg

Rs 5000 offresh produce can be processed to Rs 30,000 ofdned product
(Rs 30,000-Rs 5000) -Rs 9200 = Rs 15,800 potentIal profit
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SOURCES OF DRYING EQUIPMENT, SUPPLIES AND PACKAGING CONTAINERS

almond hullIng/drymg

apple parer/corer

electnc food dner

glass and plastIC bottles and Jars

plastIc bags
mylar ® film

Mid-State Manufactunng

Orchard EqUIpment and Supply Co

Garden Way Country KItchen

General Bottle Supply Co Inc

US PlastIc CorporatIOn
Dow Chenucal

Refer to AppendiX D for addresses and phone numbers of supphers
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CANNING AND BOTTLING
SPECIALTY PRODUCTS

The market for specialty products IS large, and mcludes processed foods sold through 1etallers m

grft shops, gounnet and specialty food stores, health food stores, upscale dehcatessen markets

and drrect to consumers at farmers' markets, on-farm shops and tounst-onented farm stores

Accordmg to From Kitchen to Market (Hall, 1996), condJments (sauces, dressmgs, seasonmgs,

herbs and spices) make up 40% of the avelage sales 111 gourmet shops, whlle prepared foods,

confectIOns, meats and IDlscellaneous foods (mc1udmg mushrooms, :fiultS and vegetables, soups,

nce and pasta) each account for about 10% of sales Beverages, coffees/teas, and cheeses each

make up about 5% ofsales

Horticultural produce IS processed to become part ofthe followmg categones

Condunents (salsas, pickles, chutneys, herb-vmegars, Jams, Jellies and preserves)

Beverages (Jmces, sparklmg frmt-flavored waters)

ConfectIOns (frUIt-based candles, cookIes, cakes)

MIscellaneous (bottled herbed-muslrrooms, fruIt or vegetable-based snack-foods)

Start-up costs for a natIOnally dlstnbuted speCIalty food product can be enormous, and

mvestment 111 production, packagmg, labelllllg, adveltIslllg and promotIOn may not be Iepaid for

years, If at all We suggest, lllstead, that you start With a small product hne or even one product,
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Year 1991- 1992- 1993- 1994- 1995- 1996-
92 93 94 95 96 97

1akh 360 469 559 676 850 960
tonnes

and sell It dIrectly to the people who now purchase your fresh produce All food processlllg must

be done III a locatIOn that wdl pass a health department mspectlon Most bkely thIs means you

wlll need to rent an llldustnal kItchen (perhaps III a local restaurant dunng off hours) or work

Wlth a co-packer (a food processor ofa sllllllar product who has extra capacIty)

The average allilual growth of

processed fruIts and vegetables m

IndIa over the past 5 years IS about

22%

(Source Mlll1stry of Food Processmg

Industnes/Government of IndIa

TIns chapter will proVIde mformatlOn on 1) produce types and cultlVars known to result m hIgh

qvahty canned and bottled products, 2) a vanety of pre-treatments used to reduce quahty

detenoratton of processed products, 3) detaIls on methods of boiling water bath and pressure

cannmg, 4) packagmg optIOns for canned or bottled produce If you choose not to process

produce yourself: It IS usually slillple to find one of the many food processors who offer co

packmg sefVlces The chapter concludes WIth an example deSIgned to help you to work out the

costs and benefits related to producmg and processmg fresh produce and handhng, stormg and

marketmg canned or bottled products
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GENERAL DOs AND DON'Ts FOR CANNING/BOTTLING HIGH
QUALITY SPECIALTY PRODUCTS

Market test your processed products on a small scale by providing samples to
your fresh produce customers

Start with only the best quality, freshest Ingredients

Use only high quality containers and food grade caps/liners for a proper seal

Sort and wash produce thouroughly before chopplng/sllclng/pre-treatmg

I=ollow recoMl11ended procedures for pre-treatments such as blanching,
peeling, seeding or conng to ensure high quality

Leave enough headspace when filling containers

Measure aCidity to determine the proper processing method to use

Make sure canned/bottled products are processed at the proper temperature
and/or pressure for the recommended length of time

Adjust processing times for altitude Add 5 minutes to bOIling water bath times
for altitudes from 3001 to 6000 ft, 10 minutes for altitudes from 6001 to 8000 ft
For altitudes over 100 ft, mcrease the pressure for processing via pressure

-'canners to 15 Ibs pressure (weighted gauge) or 12 Ibs (dial gauge)

Follow the safety practices outlined m Chapters 10 and15 to preventfood
safety problems dunng processing

Work with a reputable co-packer to process produce If you are unwilling to
make the mvestments necessary to ensure high quality and food safety

Store products In a cool dark place

Check contamers to make sure a vacuum seal IS present Signs that products
have spoiled Include broken seals, seepage, mold, yeast growth, gassiness,
fermentation, spurting liqUid when Jar IS opened, sliminess, cloudiness, and
disagreeable odors
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PREPARAnON FOR PROCESSING

Page 144

Some vegetable produce benefits from blanchmg m bOIlmg water or steam before cannmg

Blanchmg IS qUId. lIlcomplete cookmg wInch ends cel1am enzymatIc reactlOns m the fresh

product e"\.1Jels tl~sue gases Blanchmg deCI eases the microbial populatlOn present on the surface

of fresh plOduce and helps retam bllght COIOl, good texture and fresh flavor after processmg

follow the chart below fOJ blanchmg tunes, and always nnse blanched produce under very cold

water OJ dIp the hot produce mto and Ice water bath to stop the cookmg process Steam blanchmg

takes a lIttle longel but 1esults m less loss of vltamms Bl' B2, macl11 and C than boiling watel

blanchmg

Blanchmg times for selected commodities

BOiling water Use one gallon of bOIling water per pound or 8 liters per kg of produce
Steam blanching Use 2 Inches (Scm) of water per Ib of produce
Add one minute for"each 2000 ft altitude If you Ilve at elevations over 4000 ft

Commodity Blanching time (minutes)

BOiling water Steam

Asparagus 3 5
Brocolll 3 5
Brussels sprouts 4
Cabbage (wedges) 5 6
Carrots 5 5
Cauliflower 3 (add 4 tsp or 45 ml of salt)
Collards 3 4 to 5
Corn (sweet) 7
Green Beans 3 4
Eggplant 4 (add 4 oz or 125 ml lemon JUice)
Leafy greens 2
Mushrooms 3to 5 4 to 5
Okra 3 to 4
Parsnips 3 4
Peas 2 3
Potatoes (new) 4 to 10 until translucent
Pumpkin 2 to 3 until soft
Sweetpotatoes 15 to 20 until soft
Zucchini/summer squash 3 4

Sources Chloffl N and Mead S 1991 Keepmg rhe Harvest
and McClure S 1992 The Harvest Gardener Pov.,nal VT Storey Communications Inc
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Camllug and Bottling Methods

Two types of canners are commonly used to process horttcultUl al crops TIlese are the bOllmg

water canner, and the pressure canner The choice of method depends on the acId content ofthe

produce you are plocesssmg Canners come III all sIzes and can be matched to the facilities you

have fOl cookmg and heatmg

BOlhng water bath

A water bath cannel IS a large pot With a loose cover and a lack to hold Jars off the bottom The

pot should be deep enough to cover the cannmg Jars by OIle to two lllches and still have anotheI

mch ofspace to allow bnsk botlmg The dIameter ofthe pot should be no more than four Inches

Wider than the diameter of the stove's burner to ensure even heatmg

ACIdIc foods such as fruIts, tomatoes, pickles and Iehshes (pH < 4 5), and lngh sugar foods such

as Jams, Jellies, syrups and marmalades can be safely processed usmg a boiling water bath

Space lex bnsk
boiling I Of 2"

Space lor bnU
boiling lOfT

Space lOt 1 to2'"
of water abc:Jy. ja:f

Spaca for I to T
of w-atera.hcrn pr

raCf- - -1c::;~=~~
OPCCfL ~L-_---l.L..J----=:l.-->'::L-_..>.::.L~

Source Georgia Cooperative ExtenSion Service 1984
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A pressUl e cannel IS reqUIred tor processmg low aCId foods such as vegetable~ (pH> 4 5) A

pressure cannel I~ a specIally 1l1dde hedvy pot WIth a lockmg lid an mnel rack dnd a steam vent III

the hd 11le vent can be adjusted lIsmg a weIght value 01 screw dependmg on the type of cannel

A ptessure gauge regIsters the all pressure mstde the canner A dIal gauge gIves a readmg of the

actual pressure whIle weIghted gauges wIll rock gently when the canner IS at the propel pressure

Ten powlds of pI essure at 115°C (240 OF) IS recommended for cannmg vegetables at 0 to 1000

ft altItude

safety valve

pressure ~
regulator.-:::

OOaIrTeot! Cover

Pressure Canners

Source Georgia Cooperative ExtenSIOn ServIce 1984

CANNING CONTAINERS

There are several types ofglass cannmgJars used for processlllg horticultural crops The ball type

Jar and the zmc capped Jar both requITe rubber rrngs as seals These can somet11lles be dIfficult to

obtam, but Iflocally available, make excellent contamers Most people are familiar With the two

pIeced hds used for home canmng Currently contamers (bottles or Jars) With a plastisol hned lId

are the most commonly used contalllel for small-scale processmg Arr bubbles must be Iemo\ ed

by gently rWllll11g a nOll-metalhc spatula around the mSlde of the Jar between the food and the SIde

of the Jal

No matter which Jal IS used when filhng contalllel s It IS Important to lea\ e a small amount of

headspace to allow for e\.lJanSlOn of the food whlle processmg If a Jal IS filled too full It may

explode Iftoo much headspace IS left the food may spOIl, smce all the extra aIr may not be dnven

out dunng processmg As a rule leave 2 5 cm (I lIlch) headspace for low aCId food.;; and

vegetables I 3 em (1/2 mch) headspace fOl aCId foods (pH < 4 5), fiultS and tomatoes, and a 7

em (114 lIlch) headspace fOl JUIces Jelhes and Jams pIckles and rehshe<; (Ball 1995)
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Proces<;cd Products JUlce<;
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FrUIts

To pI ocess tomatoes or frUIts to JUIces fruits are Sllmnel cd

1Il watel 01 their own JUIce III a stall1le~~ ~teel glass 01

enamelware pot When tendel the product h cut mto

pieces and pressed through a food 11ull colander 01 "e\ eral

layers of cheesecloth Sugar or lemon JUIce can be added

to taste

The JUices must then be eIther frozen or canned for storage

JUices can be frozen m Jars or freezer contamers (leave 1 3

cm or 1/2 mch headspace) Most fruIt JUIces can be canned

m a boIlmg water bath for 20 mmutes but apple and grape

JUices can be processed m hot water (82 °C or 1800 F) fOl

30 mmutes Recent problems WIth apple JUIce (Odwalla)

have lead to requrrements for labellmg on pasteunzatlOn

Apple JUice

24 Ibs apples

2 liters or quarts water

Wash apples dram remove stem and blossom ends chop and place m a large pot Add water and

cook until tender stlmng frequently Stram through several layers of cheescloth mto a second pot

Heat JUice Just to a boll then fill hot Jars leaVing 0 7 cm or 1/4 Inch headspace Add caps ana process

In a bOIling water canner for 10 minutes Yield about 12half-llters or pmts

Mango Squash Use npe fiUIts washed WIth clean walel and dned S4ueeze each fullt lO11mg It

between your palms to break down the pulp then remove the stem end and ~queeze out the thIck

pulp and JUice To make a 25% pulp squash combme I 75 kg sugar 40 g cltnc aCId and I 25 kg

water and bnng to a boll Cool and filter through a muslIn cloth Add I kg mango pulp, filter

agam through a muslm cloth Add 2 9 g pota~slUm metablsulfite as a presen atlve (dIssolved m a

small qual11ty of JUIce) and ml'\. thoroughly FIll clean dry glass bottles leavmg .lbout I mch

headspace SOUlce Depallment of rood SCIence and Technology PAU
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Vegetables

Vegetables should be chopped or shredded, then sllllmered for 45 to 50 ffimutes untIl mushy The

JUIce can then be pressed or stramed from the vegetable pulp, and frozen or canned Cannmg

vegetable JUIces reqUIres processmg at 10 pounds ofpressure m a pressure canner PInts should be

processed for 55 mmutes, and quarts for 85 mmutes

Processed Products Pickles and Vmegars

The hIgh aCId content ofpIckled vegetables allows you to use

a bol1mg water bath rather than a pressure canner, and reduces

the tIme reqUITed for processmg The salt used for pICklmg IS

free ofadd1tr'es found m table salt, wmch will cause cloud1ng

Flavored Vlllegars are so hIghly aCid that no further processmg

IS necessary If vmegar IS decanted mto stenhzed bottles To

stenhze contamers fill WIth hot water place m an open pot,

cover WIth water and boIl for 10 mmutes

Spicy 0111 Green Beans
(Tllgner 1998)

For the highest ,I

quality product, j
use only the 11

freshest ~I
,Ii

produce and 11

herbs II
,

~lIIlUj;;;;;JjjJlI7,I"~U",~,,'7,;';ll!lrrJ"7,,,,;-,~ll1lj"""""-;"~'"1i~llIl-;;;;llI11~-;;ltlj;;;;"';;;;-l!l!;-'1l~

Ingredients
green beans \Nhole washed drained tnmmed and cut to fit vertically In jars

(1 Ib makes about t'NO pint jars)

5 parts vinegar
5 parts water
o5 parts canning salt

per Pint Jar
1/4 tsp crushed hot red pepper
1/2 tsp \Nhole mustard seeds
1/2 tsp dill seed
1 clove peeled garlic
5 spngs fresh dIll

Pack beans Into hot clean jars Add pepper mustard seed dill seeds garlic and fresh dill Combine
vinegar water and salt heat mixture to bOIling Pour liqUid over beans filling to 1/2 Inch below top of
Jar Seal Jars adjust lids (not too tight) Process In a bOIling water bath for five minutes Remove from
bOIling water complete seals (tighten lids) and let cool completely before handling
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Use white vinegar
for red basil or chIve blossoms

Herbs in cider VInegar
tarragon, ddt, marjoram, sage,

thyme, chde peppers

Mango Pickle (Achar)
Use sour vanetles of well developed but under-npe mangoes washed and cut lenth\NIse Into slice'>

Ingredients
mango slices 1 kg
salt 250 g
fenugreek (methl) 50 g
fennel (saunf) 50 g
nlgella (kalaunJI 20 9
red chilli povvder 25 g
tumenc povvder (haldl) 20 g
black pepper 25 9
cumin (zlra) 25 g
thyme (aJwaln) 25 g
mustard all

Dip mango slices Into 2% salt solution (bnne) to prevent blackening of cut surfaces
Drain the bnne spread slices on trays and place In the sun for 1 to 2 hours to remove surface mOisture
MIX fenugreek fennel nlgella black pepper cumin and thyme and fry In mustard all unltl slightly
browned Cool to room temperature and add salt tumenc and red chilli povvder Add mango slices
and mix thouroughly
Transfer mIxture to a large glass or stone Jar press well to squeeze the air out and cover content \NIth a
layer of mustard all
Examine the pickle after 2 or 3 days and add all If needed to ensure the pickle IS covered \NIth all
The pickle IS ready for eating In 2 to 3 weeks

Source Department ofFood SCIence and Technology, PAU

Flavored Vmegals

Use only glass or enamel pots and glass contamers smce Vlllegar IS corroSIVe Crush flavormgs

(fresh herbs ofyour chOIce, spIce seeds, peeled shallots or omons, hulled bemes) and place them

m a glass Jar Use 250 m1 (1 cup) ofherbs or 125 m1 (1/2 cup) ofbemes for each 0 5 L (16 oz)

ofcIder vmegar Slowly heat the Vlllegar m a glass

pot untIl warm (not bol1mg) Pour the Vlllegar mto

the glass Jars over the herbs/flavormgs and seal

tightly Place the Jars m a sunny locatIon and let

vmegar mature for about two weeks Shake dally

and taste penodically When Vlllegar has reached

deSIred taste, filter through cheesecloth illto a clean

stenle bottle Add fresh herbs or spIces for

I.- -----l decOIatlOn and seal Use only cork, plastIc or glass

hds StOt e m a cool, dark place
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Plocessed Plodu<..-ts PI c"crvatlOn III OIl or <;alt

Onc ofthe "Impk.'>t mcthods ofple"ervatlOn IS to cover peeled or dned plOduce WIth edIble 011 and

sc11 It III J clean Lontamcl In IndIa the most popular ploduct<; are pI eserved 11l mustal d 011 Use

11Igh quality ohve 011 f01 the best flavor and hIghest market pnce 11l the U S and Em ope Salt

cured products are becol1uug less popular as people change theIr food habIts and eat less salty

foods An exceptIon IS ohves for wlllch there are many reCIpes and well-guarded seclet

pI ocessmg methods TIle e\.ample provided here comes from Morocco

MIX olives and salt and put the mixture Into
deep baskets Cover VIIIth something heavy
that VIllI! press the liquid out of the olives
(dunng 2 to 3 weeks) and leave In a shady
place After 3 weeks wash olives thouroughly
Vvlth clean water dry In sunlight for 1 to 2 days
MIX Vvlth 1/2 liter olive all and ladle Into Jars
close firmly

SLlI'I Jr,td SflC-f
/ IoVV'a -bae.s

defect free

Ploducts 11l 011
Dned tomatoes
Dned cluh peppers

Moroccan black olives
10 kg black olives very mature
2 kg unrefined canning salt
1/2 liter olive all

Processed Products SpeCIalty Sauces Salsas Chutneys

A fe\\ mexpellSlve mgredlents that you produce on your farm can be combmed mto speCIalty

products that Yield l11gh pnces at the market ReCIpes are from Ball (1995) and ChlOffi and Mead

( 1991 )

Spicy tomato ketchup
Ingredients
35 to 45 medium tomatoes very npe peeled quartered cored
2 sweet red peppers seeded and cut Into pieces
2 sweet green peppers seeded and cut Into pieces
2 hot red peppers diced
4 large onions diced
3 cups Cider vinegar
2 cups sugar or honey (use less If deSire less sweetness)
3 Tbsp salt
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Tie IOta a cheescloth bag
1 tsp Vvtlole allspice 1 tsp Vvtlole cloves 1 tsp broken cmnamon stick
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Combrne vegetables In a large pot cook until tender (15 to 30 mrnutes) Remove from heat and run
through a food mill Add all remarnrng rngredlents except vrnegar and simmer uncovered until thick
Vvtlile stlmng frequently Add vrnegar and cook an additional 15 mrnutes Remove bag of spices ladle
IOta hot clean Jars Add lids and process for 15 mrnutes 10 a bOIling water canner Yield 8 to 10 cups

Hot Salsa
6 Ibs tomatoes npe peeled seeded cored chopped
2 Ibs green peppers seeded and chopped
1 Sibs onions chopped
1 Ib hot peppers chopped (remove seeds If you desire a milder version)
1 1/4 cups Cider vrnegar
3 cloves garlic minced
2 Tbsp CIlantro minced
3 Tbsp salt

Combine all rngredlents 10 a large pot bnng mixture to a ball Reduce heat and simmer 10 minutes
Ladle hot salsa IOta hot Jars leavrng 1/4 Inch headspace Add lids process 15 mrnutes In a bOIling
water canner Yield 12 cups

Peach chutney
Ingredients
20 medium peaches peeled pitted and chopped
1 cup ralsrns (250 ml)
1 medium chopped omans
2 cups brown sugar (500 ml)
1/4 cup mustard seed (125 ml)
2 Tbsp grnger (40 ml)
2 tsp salt (15 ml)
1 clove garlic minced
1 hot red pepper fmely chopped
5 cups vinegar (1 25 L)

Combrne all Ingredients In a large pot Cook slowiy until thick (about 40 mrnutes) wlile stlmng
frequently Ladle hot chutney Into hot Ja s leaving 07 cm (1/4 lOch) headspace Add lids and process
10 mrnutes 10 a bOIling water canner Yield 14 Jars (250 ml each)
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REGULATIONS AFFECTING FOOD PROCESSING
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Food safety and samtatlon reqUIrements

Contact the Food and Drug Admlmstratlon and ask for a CUlTent copy of theIr publIcatIOns on

how to start a food busmess and Current Good Manufacturmg Processes The FDA has an office

111 Washmgton, DC and m each US state

Food and Drug Adm1ll1stratIOn
Center for ApplIed Nutntlon FDA (HFS-585)
200 C Street, SW
Washmgton, DC 20204

The Government Pl1l1tmg Office can proVIde you WIth a copy (for a fee) of the current Code of

Federal RegulatIOns Chapters 1 through 3 of the Code cover the regulatIOns affectmg food

processmg operatIOns, 111c1udmg use of addItIVes, color, good manufactul1l1g practIces and food

standards

Supefl1ltchdcnt ofDocuments
GPO
Washmgton, DC 20402

LabelIng

Products shIpped mterstate wInch do not conform to the FDA labelIng regulatIOns will be

removed from store shelves Some key elements mc1ude a lIst of mgredlents and a net weIght

statement (m metnc measurements) on the lower tlnrd ofthe label

THE NUTRITIONAL LABELING AND
EDUCATION ACT (1990)

Exceptions to the law that all products
carry nutntlonal Information Include
coffee. tea and spices. containers too
small to carry a nutntlonal label, and
producers whose total annual
revenues are less than $500.000

I I I ~ 1 J J I t

PART II SMALL-SCALE PROCESSING TECHNOLOGIES FOR HORTICULTURAL PRODUCTS



CHAPTER 14 CANNING AND BOTTLING SPECIALTY PRODUCTS P'lge ]4 13

Packaglllg

If you are allll1llg for the gounnet market, your processed product better look beautIful! VISIt

http //www packstwt com for lllfOlmatlOn on aU sorts of packagmg matenals Here are some

sources oflabels, deSIgn selVlces, malketmg matenals and contamers

Labels Plus
2407 106th St SW
Everett Washmgton 98204
(206) 745-4592
FAX (206) 523-1973

Packagemasters Inc
POBox
118352 Smdle Ave
Little Falls, New Jersey 07424
(201) 890-7511
FAX (201) 890-0470

Presentation Packagtng
870 LOllislana Ave South
Mmneappohs, Mmnesota 55426
(800) 326-2698 or (612) 540-9544
FAX (612) 540-9522 or -9628

Southern Atlantic Label
1300 Cavaller Blvd
Chesapeake, Vlrgtrua 23323
(804) 487-2525
FAX (804) 487- 9712

Sources ofcontalllers (metal, plastIC, PET, and glass)

Ago-Pack
870 LOUISiana Ave South
MmeappolIs MInnesota 55426
(800) 328-1784

Berlin Packagmg
III North Canal St , SUlte 300
Clucago llhnOls 60606
(800) 4-BERLIN
FAX (800) 423-7545

FrUlt and vegetable contamers
FruIt and Jam gift contamers

Largest US dlstnbutor of glass plastIC and
metal contamers
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Essentials 'N Such
3999 N Chestnut Ave
SUite 368
Fresno, Cahforma 93726

General Bottle Supply Co Inc
POBox 58734
1930 East 51 st Street
Los Angeles, Cahfonua 90058
(213) 581-2001

Southland Contamer Inc
8620 Dorsey Run Road
Jessup, Maryland 20794
(410) 792-2088
FAX (410) 792-7453

Sunburst Bottle Co
7001 Sunburst
CItrus Heights Cahforma 95621

Western Specialty Com:amer
17955 East Ajax Circle
Industry, Cahforma 91748
(818) 912-8600
FAX (818) 913-5337

Bottles, Jars VIals

Glass and plastic bottles,
VIals and Jars
Metal caps With plastisol hners
WIde range of PET contamers

Manufacture and dtstnbution of
packagtng matenals

Vmegar bottles, Vials, canmngJars

Decorative contamers
tamper-eVIdence bands
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Workmg WIth a local co-packer can reduce many of the costs assocIated WIth food processmg

and packagmg Some co-packers can even proVIde product dIstnbutIon servIces through theIr

malketmg networks Accordmg to Hall (1996), benefits and cost savmgs ofco-packmg mcIude

• eInnmatlOn of capItal costs of facIlItIes and processmg eqUIpment

access to experts m food plOcesslllg

comphance WIth the complex process of meetmg federal state and local regulatIons

• plOduct umfonmtv and quahtv control

• purchasmg power (contamels labels etc)

networkmg

• low cost technIcal servIces

malketmg aSSIstance

• dtstnbutlon

Some co-packers specIahze m processmg eIther dry or hqmd ploducts, whtle others proVIde only

packagmg or only labehng servIces Contact co-packers m you al ea to IdentIfY wmch companIes

can plOVIde the servIces you need A few examples of Cahfonna based companIes are proVIded

here, and many more can be found m telephone drrectones and m the AppendIx on co-packers

provIded m Hall, 1996

Cahfoffila Style GOUIlllet Products
6161 EI Cajon Blvd, #200
San Diego, CA 92115
(800) 243 5226
Fax (619) 265 0893

Lodl Nut Co Inc
1230 S Fmrmont Ave
Lod! CA 95240
(209) 334 2081
FAX (209) 369 6815

RadIch Bor-do-Iay, Inc
8130 Berry Ave, SUIte 100
Sacramento, CA 95828
(916) 387 2107
FAX (800) 795 8349

Spectrum Naturals Inc
(spec!ahzes 10 orgaruc products)
133 Copeland Street
Petaluma CA 95476
(707) 778 8900
FAX (707) 765 1026
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COSTS AND BENEFITS OF CANNING AND BOTTLING SPECIALTV PRODUCTS

Costs
fi esh produce
matenals
contamers, labels
eqmpment
powel fOl processmg
labOl

Benefits
longel shelfhfe
added value
reduced postharvest losses

Example I PreparatIOn, packagmg and marketmg ofa low sugar kIWI-strawberry Jam
ApproXImately $100 worth offresh produce grown m Cahforma IS processed to yIeld $1350 of
processed plOduct

Costs
eqUIpment (pots, ladles, coohng rack)
kIWIfruIt (100 lbs, tnmmed, peeled)
strawbemes (100 lbs ofvery npe bemes)
bottles and hds(300 each)
labels-- custom pnnted (300)
sugar (501bs)
pectm (5Ibs)
feul for coohmg

total costs

Benefits
Market value
300 (10 oZ)Jars of specIalty Jam@ $450 /Jar

$50
$50
$50
$150
$75
$5
$10
$5

$395

$1350
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E....ample 2 PreparatIon, packagmg and marketmg ofmango pIckle Approxunately Rs 500
worth of fresh produce IS processed to yteld Rs 6000 ofprocessed product

Costs
eqwpment (drytng trays, stone Jal)
labor (I day @ Rs 80/day)
mangoes (100 kgs, tnmmed, peeled)
salt
spIces and mustard od
bottles and hds(400 @ Rs3)
labels-- custom pnllted (400 @ RsO 10)

total costs

Benefits
Market value
400 (0 5 kg) Jars of specIalty pIckles @ Rs 30/kg

Rs500
Rs80
Rs500
Rs 100
RsIOOO
Rs1200
Rs40

Rs 3420

Rs 6000

SOURCES OF PROCESSING AND CANNINGIBOTTLING EQUIPMENT AND SUPPLIES

bottle capper

bottlmg eqmpment

can sealer

cIder JUgs, plastIc

hand-press

JUIce presses
Inon-Cltrus

CountrysIde General Store

Orchard Eqmpment and Supply Co

CountrysIde General Store

Rockford Package Supply Co

Mtchtgan Orchard Supply
Orchard Eqmpment and Supply Co
Garden Way Country KItchen

Goodnature Products, Inc
Mtclugan Orchard Supply
Orchard Eqrnpment and Supply Co
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FOOD SAFETY
DURING PROCESSING
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Consumers expect that food processors will manufacture wholesome and nutnbous foods To do

tlns, food processors must have systems m place to assure that products whIch are bemg

manufactured do not have phYSIcal, cheIDlcal or IDlcrobial contammants mtroduced dunng

processmg and packagmg Common some sources of potential contammatIOn mclude anImal

waste fertilizers, contammated rrngatlon water, human handlmg practIces, contammated

contamers, madequate postharvest waslnng, nnproper packagmg, poor temperature management

and contammatIOn ill the food preparatIOn area

Iffood safety systems are not m place dunng processmg, hundreds Ifnot thousands ofconsumers

are at nsk A smgle illCIdent ofpersonal mJury traced back to a specIfic food processor may put

that company out busmess and Iesult m cnmmal prosecutIOn of the owners and management

Systems whIch assure the safety and wholesomeness dunng food processmg fall mto three

categones ]) Good Manufactunng Practlces (GMP's), 2) Samtatlon Procedures and 3) Hazard

AnalysIs Cntlcal Control Pomts (HACCP) These systems will be dIScussed ill detail and may be

apphed to fi esh-cut processmg, or tradItIOnal processmg operatIOns Assunng that food products

are manufactured m a safe and wholesome manner does and cost to the final product However,

your long tenn success as a food processor depends on your abIhty to conSIstently plOduce safe

products Food safety should not be confused WIth food quahty Food safety programs SImply
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assure that food products are safe to consume and prevent 1l1Jury to consumers ThIS chapter Will

cover food safety Issues dunng processmg Food safety begll1s dunng productIOn, so the

productIOn and postharvest handlIng of raw mgredlents should be carefully momtored (see

Chaptel 10)

GENERAL DO'S AND DONT'S
TO ASSURE FOOD SAFETY DURING PROCESSING

Follow state regulations regarding the type of licenced faCIlity you may use for food
processing (for example, no home or farm kitchens)

Educate and train employee's In proper food handling practices and personal
hygiene

Stnctly adhere to Good Manufactunng Practices (GMP's)

Design food processing and storage areas to allow for easy cleaning and sanitation

MOnitor raw matenal suppliers for adherence to Good Agncultural Practices

Keep processing faCIlity grounds clean and free from clutter

Processing facIlities should be completely enclosed from the outside environment by
walls

Windows or other glass should not be present In the food processing area

Processing faCIlity floors walls and ceilings must be cleanable and In good repair

Adequate lighting should be present and be protected In case of breakage

Pipes, ducts and fixtures should not be suspended over processing areas

Use only potable (safe to dnnk) water

MOnitor water quality regularly

Plumbing should be of adequate size and design for sanitary food processing (floor
drains, separate sanitary sewers, etc)
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Adequate numbers of tOilets and hand wash stations should be provided for
employees

TOilets facIlities should be segregated from the processing area

Wntten samtatlon schedules and procedures should be established and momtored on
a regular basIs

Cleaning and tOXIC chemicals should be stored In a secured locked area

Effective rodent and Insect control programs should be In place and momtored

GOOD MANUFACTURING PRACTICES (GMP's)

GMP's are gmdehnes to assure that food for human consumptIon IS safe and has been prepared,

packed and held under samtary condItIons These gmdehnes deal WIth personnel mvolved m food

processmg, physIcal plant and grounds as well as facility constructIon and desIgn

Personnel GMP's Personnel workmg -ill food processmg can be a sIgmficant source of food

contammatlon ThIs mc1udes productIOn employees, mamtenance employees, supervIsors and

management It IS the responSIbility of processmg facJtly management to educate and tram all

food handlers about samtary handhng of food Employees expenencmg dIarrhea, vOillltmg, open

skm sores, bOllS, fever, or dIsease must repOlt these symptoms to therr supervIsor and must NOT

be allowed to work WIth edIble food products All food handler: should have clean outer

garments or aprons and thoroug1I1y wash therr hands before entenng a food processmg area,

espeCIally after usmg toilets No Jewelry (earrmgs, pendants, nngs etc) or wnst watches are

allowed m the food processmg areas as these Items may fall mto food plOducts unnotIced Clean,

mtact gloves as well harr restramts should be used by all personnelm the food processmg area

PhYSICal Plant and Grounds Food plOcessmg facilitIes should be constructed to segregate food

plocessmg actIVItIes from the outSIde enVIronment The phySIcal bulldmg Itself should have no

gaps wInch could allow mfestatlon by rodents, msects or brrds Surroundmg grounds should be
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free of clutter such as eqUIpment, htter, waste, refuse or amrnal feces No unpaved or dusty

roads should be adjacent to the processmg faclhty and surroundmg areas should be adequately

dramed so that no standmg or pooled water IS present VegetatIon surroundmg the plOcessmg

plant should be keep down to prevent the formatIOn ofbreedmg grounds for rodents Rodent

traps should be placed on the outsIde penmeter of the grounds and be mspected and servIced

regularly

ConstructIon and DeSIgn The most tmportant aspect of food processmg deSIgn IS suffiCIent

space for samtary opel atIOn Processmg areas should be deSIgned for easy cleanmg and

s3111tatlon Floors, walls and cethngs should be made ofa cleanable, noncorrOSIve, non-absorbent

matenal and be m good repan Floors should have a rounded comer Jomts where they meet the

wall so as to allow for easy cleanmg Processmg facility floors should be constructed of sealed

concrete or tile to WIthstand phYSIcal and che111lcal abuses from machmery and cleanmg

chemIcals Eqmpment should be constructed of stamless steel to prevent corrOSIon Overhead

pIpes, ducts and fixtures should not be suspended over \¥ork areas and honzontal surfaces of

these Items should be mtmmlZed to reduce the accumulatIon of dust and water condensatIOn

Adequate lIghtmg should be provIded and all hght bulbs should be protected to msure that

broken glass CamIot contammate food prodLlcts All water (nnse, flume, cleanmg, Ice, etc) used

ill food processmg must be potable Plumbmg should be of adequate SIZe and deSIgn to handle

the amount of product bemg processed Food plOcessmg envrronments are usually wet,

therefore slopmg floors WIth drams should be present of remove excess water fi om the

processmg area Samtary sewer lInes should be separate from floor drams to aSSUle that cross

contammatlon of the processmg area from sewage back flow does not occur An adequate

number of toilets and hand washmg statIOns should be available to accommodate all employees

Rest room faCIlItIes should 110t open mto processmg areas The restroom IS the only room m the

processmg faclhty that should have negatIve aIr preSSUIe and It should be e'illausted contmually

from the restrooms Hot runnlllg potable water, soap and hand towels should be avaIlable at all

tImes SignS should be posted to mstruct employees to wash theIr hands after usmg the restroom

Employee aprons, gloves and klllves should never be taken mto the restroom and adequate

storage space should be available for temporary storage of these Items drrectly outsIde the

restroom door Heatmg, ventilatIOn and aIr conmtIonmg systems (HVAC) should feature filtered
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posItIve all pressUl e m proces<;mg plants because of the potentIal an borne pathogen

contammatIon HVAC UllltS should blow all along the cellmg and down the walls to keep them

dry and free of condensatIon

SANITATION PROCEDURES

CleanIllg and ::.allltatIOn are some of the most Important plOgrams III any food plOcesslllg plant

Regular and scheduled eqUlpment c1eanmg and samtIzmg aSSUles that food products ale bemg

processed Ullder hyglemc condItions Adequate tIme must be gIven to the samtatlon crew to allO\\

for a thorough Job Cleanmg and samtatIon IS best done by a specIally tramed samtatIOn and

cleanlllg crew NOT by productIOn personnel A samtatIOn program ill a food processmg plant

consIsts of two elements

A Master SamtatIOn Schedule

Momtormg Program

Master SanItatlOn Schedule A wrItten master SanItatIon schedule should be ill place to assure that

all areas of a food processmg facility are cleaned on a regular baSIS The master samtatlon

schedule should detail the area to be cleaned, the samtatIOn method, tool, cleanmg matenals and

frequency ofclealllllg An example ofa portIOn of a master SanItatIon schedule IS shown belO\\

Area Sanitation Tool Cleanmg Frequency
Method Materials

Walls Foam, Soft Chlonne- Once I
Brush, Nylon quat Month
Rmse Brush based

cleaner
Floor Wash, Hard Chlonne- Dally

Rmse Bnstle quat
Broom, based

Hose cleaner

Cleanlllg and samtlzmg lllvolves five baSIC steps

PhySIcal Debns Removal

RlIlse

Detergent / MJld Abl aSJOn

Post RlIl::.e

Sallltlzlllg
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It IS cntlcal that cleamng (1 e the removal of debns and food paI1lcJes) IS done pnor to any

samtatIOn steps, Slllce many samtIzers are mactlVated by orgamc matenals Once large pIeces of

food are Iemoved eqUIpment should be nnsed WIth potable watel to remove smaller pmtlc1es

TIlen soaps and detergents should be apphed MIld abraSIOn should be used to scrub eqUIpment

clean and remove cak.ed on food partIcles as well as bIOfilms (layers of bacterIa) It IS

recommended that warm water (NOT steam) be used fm cleanmg SInce steam may actually

promote the fonnatlOn ofblofilms All soaps and detergents used should be approved for use on

food contact surfaces After cleanmg soaps and detergents should be removed by nnsmg

eqUIpment WIth potable water After nnsmg eqUIpment should be samtlZed to kIll mIcrobes wlncII

Ieduce product shelf-lIfe and may cause food borne J.1lness SamtlZlllg conSIsts ofnnsmg all food

contact surfaces WIth bactencIdal compounds such as chlonne, Iodme or quaternary ammoma

followed by a potable water rmse Samtlzer and clean111g chell1lcal manufacturer product

dIrectIons should be stnctly followed

SpeCIfic pIeces of eqUIpment wluch are cleaned on a regular ba"ls should have wntten standard

operatmg procedures (SOP's) for cleanmg and samtatlon ThIs assures that eqUIpment IS cleaned

propelly regardless ofwho does the Job

SOP's Identify the followmg

What Identifies task

Why Purpose of task

Who ResponsIble Person

How Steps for completmg the task

Cleaners and Samtlzers There are numerous cleanmg and samtlzmg compounds avmlable for use

m food processmg plants These compounds fa11111to 5 categones

Chelatols TIe up catIons 01 salts (e g EDTA)

Alkahnes Detergents (e g Soaps and SodIUm Hydro'\.Ide)

ACIds Remove Mmeral DepOSIts (e g Phosphonc ACId)

Wettmg Agents EmulsIfY and Penetrate Soil (e g , Alkyl Sulfates)

SamtlZeI s KIll MIcrobes (e g SodIUm Hypochlonte)
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Sallltlzers are Important to reduce mIcrobIal populatIOns on all food contact surfaces after

cleanmg The most common sallltIzers are chlonne, lodme and quaternary amrnOllla compounds

Each of these compound classes have advantages and dIsadvantages to their use It IS adVIsable

to rotate or not use anyone sallltlzer for long penods ofttme smce bactena can become resistant

to chelTIlcal sallltizers Also some samtlzers such as quateman ammoma compounds are mOle

effectIve agamst certam food bome pathogens such as Llstel lG mOllocytogenes LIsted belm-\- al e

some of the advantages and dIsadvantages ofusmg each samttzel

Chlonne Compounds Low Cost, Good GermiCide,
Corrosive to Equipment, Irritating aroma

Iodine Compounds Heat Stable, Non Irritating,
Non Corrosive, Stains equipment

Quaternary Ammonia Compounds
Non Corrosive, Heat Stable, Expensive

I JI

Chlonne by far IS the most commonly used samttzer LIqUId household bleach may be-used as a

source of chlonne as It typIcally contams 5 25% by volume sodIUm hypochlonte Chlonne IS

used as a samtlZer at conceJ.tratlGns ofbet\\een 100 and 200 parts per mtlhOIl It 13 tmportant

that the water contammg ChlOl1J1e be free from orgamc matter and have a pH between 6 0 and

7 0 IfeIther ofthese condItIons are not meet then the chlonne IS meffectlVe as a samtIzer

MONITORING

The IHocessmg faclhty should be evaluated on a datly baSIS to assure that condltlOlls ate hyglemc

before processmg begllls VIsual mspectIOn should assure that no food particles or foreign

matter ale present on plOcessmg eqUIpment In partIcular, hard to clean spots should be

lllspected such as the undelslde of conveyors and peebng eqUIpment UnfoI1lutately, Visual

lllspectlon IS not enough to assure that eqUipment has been sallltlzed plopelly The number of

lTIlClObes present on plOcessmg eqUipment after Sal1ltatIOn operatIOns should be detelIDllled on a
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regulm baSIS to evaluate sallltatlOn crew perfonnance VIa the one ofthe followmg methods

Petn Contact Plates

Surface Swabblllg

B10lumenesce

Petn Contact Plates

PlastIC petn plates OJ films contalll sterile agar WIth growth medIa for mIcrobes The type of

mIcrobes that WIll glOW on these plates IS detennmed by the type of medIa used In tills method

numerous petn plates or films are take to the processmg area and pressed up agamst a food

contact surface and tlns mformatlOn IS noted The plates are then placeC: at room temperature m

the laboratory and IfD1JI:;robe" where present they wtll grow on the petn films or plates Aftel a

dav or two the nncrobes on each plate can be cnunted~ ThenumbeLOfmlcrobes Olesent should

be noted and charted fOJ companson over -tune A low bactena count per square centImeter

means that the samtatlOn crew IS domg a good Job at c1eamng and samtlZ111g If the numbel

mICrobes dramatIcally mcreases an evaluatIon of samtatlon procedures IS m order

Surface Swabbmg

A vanatlOn of the petn plate method IS to use sterl1e swabs m water to collect samples of food

contact surfaces Wet sterl1e swabs are used to brush an area ofa food contact surface The swab

IS then placed back m the sterl1e water contamer Bactena are washed off mto the sterl1e water

and tlns water IS then plated on to petn plates offilms and counted after mcubatlOn as above

Both of these methods are farrly snnple sterl1lZ111g (20 Dllll at 250°C) agar swabs watel and

medIa may be done 111 a plessure cookel Petn films from 3M corporatlOn offer cOllveruence of

not havlllg to plepme medIa OJ petn plates Water may be rendered stenle by boIlmg It vlgOJously

for 20 mlll and allOWIng It to COOllll a contameI sealed WIth alummum foIl PlOcessmg plants are

ne\ el completely stenle even afteI the best sa111tatlon efforts Below al e lIsted mIcrobial COWltS

on food pi ocessmg eqwpment whIch can routmely be achteved by a good sarutatlOn program m a

food pIocesslllg plant
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Microbial Counts After Effective Sanitation

Total Plate Count < 200 cfu /25 cm2

Yeast and Molds < 50 cfu /25 cm2

Collforms < 10 cfu / 25 cm2

Bl0luInlllescence

Page 159

Both the contact petn plate 01 swab methods are good for momtollng samtatIOn Clew

performance but results ale not available lilllllemately Another illlcrobe detectIon method

called bIOluInlllescence IS capable ofdetectmg the presence ofilllcrobes nnmemate1y ThIs

method rehes on meaSU1lllg the amount ATP that IS present on food contact surfaces as It IS a

good mdlcatOl of the number ofilllcrobes present TIns test IS sllll1ar to the swab testmg

method except that the c1eanlmess ofeqUIpment IS determmed Wlthm Inlllutes after the swab IS

taken In tills test, eqUIpment IS swabbed Wlth a sterne swab and then the amount ofATP

present IS detefInllled by a cheilllcal test kit These test kits ale available from a number of

supphers that are hsted below BIOluInlllescence IS shghtly mOl e expenSIve than othel methods

but because test results are lilllllemate It proVides a new level of secunty smce It can detefInllle

lillllledlately IT c1eanmg and samtatIOn procedures must be repeated before processmg begms

MIcrobIOlogIcal Test Supphers

3M MIcrobIOlogIcal Products
3M Center BUIldmg 275-5W-05
8t Paul MN 55144-1000 USA
Tel 612-733-9558

IDEXX
One Idexx Dnve
Westbrook ME 04092-2040 USA
Tel 207-856-0496

RapId MIcro Testmg FIlms

IvflcroblOlogy Medm and
BIOlulllmescence Testmg Systems
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BlOtrace loc
666 Plamsboro Rd SUite
1116 Plamsboro NJ 08356 USA
Tel 609-897-0282

GEM BIOmedIcal Inc
925 Sherman Ave
Hamden, CT 06514 USA
Tel 203-248-4008

BACH Company
PO Box 608
Loveland CO 80539
Tel (970) 669 3050
FAX (970) 669 2932

HACCP

BlOlUlmnescence Testmg S)stems

BlOlummescence Testmg Systems

QuIck reference gUIde MEL portable labs
presence/absence testmg

The seven HACCP pnnclples outhned m chapter 10 should also be apphed for processmg of

produce The preventIOn of physIcal, chenncal and Iillcroblal contammatIOn of produce dunng

processmg IS essentIal to assunng the productIOn of a safe product A HACCP program IS only

effectIVe IT samtatlOn and good manufactunng processes are Implemented and venfied It]s

recommended that each food processor IdentIfY one person m therr operatIOn to have formal

HACCP trammg and be m charge of a team that IS responsIble for Implementmg the HACCP

proglam. HACCP programs should be a SImple as possIble, WIthout an excessl\ e number ofcntlcal

control pomts Each HACCP program IS umque and must be tatlored to your specIfic operatIOns

needs A model for dned apples has been prOVIded as an example ofa HACCP program wInch can

be used as a sta11mg pomt for you to develop a HACCP program for your food processmg

opelatlOn
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Model HACCP Plan for Dried Apple Shces

P'lge 15 t t

DeSCriptIOn Apple slIces packed III food grade plastic bag~ 200 g to I kg UllltS wIth an optimal

shelf-lIfe of 6 months, product IS dIstnbuted to foodservice and retaIl markets Bag and/or box

contams a '))rocessed on" or ''use by" date to be used 111 case ofproduct recall or lot traceabIlIty

ingredients Apple

PotentIal MIcrobIOlogical Hazards to be MOOltored

Potentwl Human Pathogens Pathogemc E cob

Salmonella Shigella, and foodborne VIruses

SamtatlOn Momtonng Orgamsms

E cob aerobIc plate count

CritIcal Control Pomts

7 CCPs were IdentIfied, cntIca] hmtts establIshed,

momtonng methods establIshed and correctIve actlOlJ

IdentIfied (see table on the next page)

Receiving

+Product Storage

+Wasblllg

+
C "+'

Dry III g

+PO'".''''
Finished Produ~1 Stordge

+
DistrIbutIon

Flow f 'laglam for a frUIt or vegetable dryIng operatIOn
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Model HACCP Plan for Dned Apple Shces

Page 15 12

Flow Hazard CntJcal CritJcal Momtoring Frequency CorrectIVe Record Keepmg Venficabon
Process Catagory Control Limit ActIon

Pomt
Raw Microbial #1 Room OtoSOC Thermometer or Hourly Inform maintenance Temperature record Random sampling
Product Temperature continuous stnp Repair equIpment Thermometer QA audIt
Storage chart Evaluate product calibrabon record

Re)eclIRelease

Was~lng Mlcroblal #2 Free Chlonne 2 Test Kiter Three times Manually adJust ChlonneJpH records Random sampling
Chlonnatlon to7 ppm free conbnuous stnp per shltt water chemIStry QA audit
'water pH residual after chart Repair system Microbe counts

contact Total Hold product from
chlonne last correct

maximum o! 100 reading Rewash
o 150 ppm pH = product

60t070

Cutting PhYSICal #3 Remove foreign InCident Foreign Random sampling
Employee No foreign Visual Conttnuous object Object Report QAaudlt
Handling and objects
lSual

Ulspecbon

Drying Microbial #4 Water Product water Determine Once per hour Dry product Water actJvrty reccrds Random sampling
contento! actJvrty IS low product water QAaudlt
finIShed "nough to prevent actJvrty
product bactena growth

Microbial #5 Dryer tray Trays are clean Visual Each tIme Repair system Inspection Record
cteanllness and functional product IS DIscard product

loaded

Packaging Chemical #6 Food Food Grade Certification lette Annually or with Resolve the CerbflcatJon letter Random sampling
Contact new product problem or withdraw QAaudlt
Packaging supplier certIfication

PhYSical tf7 Metal No metal Calibrate Hourty Inform maintenance Metal detector
Detector machmewrth Repair eqUIpment record

metal sample Hold prodUct from
last correct

reading
Rerun product
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PART II COSTS AND BENEFITS
of SMALL-SCALE PROCESSING

Comparison of estimated costs and expected benefits related to adoptmg postharvest
technology for small-scale processmg and marketmg

Ifyou need more facts to fill out any worksheet, It IS recommended that you select one specrnc

commodIty that you produce, and actually use the new processmg practIce on one row of

vegetables or on a small group of trees for one season or any suItable penod of tIme Dunng

tills tIme collect mformatIOn on yIelds, losses, grades of produce harvested, costs of labor,

rnatenals and eqmpment for handlmg and processmg, and power reqmrements or fuel costs for

the new processmg operatIOn m companson to your current practIce Some of your expenses

will not be affected at all, whtle others will be added or no longer be necessary when you change

practIces

INSTRUCTIONS

Make copIes ofthese blank wOlksheets and use a complete set for each commodIty you process

and market If you want to compare vanous postharvest technologies you may need to use

several copIes of the worksheets for each commodtty
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Overhead costs should be reported by month, by season or by year, dependmg upon how you

generally allocate costs of operatton The Idea IS to be able to detenmne how much of your

overhead costs can be assIgned to the commodIty of mtelest For example, If you produce

handle and process only one commodtty, It wtll take on 100% ofyour overhead Ifyou process

and market equal amounts of3 commodItIes, each can be assIgned 1/3 ofthe total overhead

Most of the costs for the tOpICS hsted m Worksheet 6 will have several components lllcludlllg

capItal costs (eqUIpment or facilittes), and recumng costs (supphes, labor and purchased power

or fuel for runnmg eqmpment) Ifyou purchase produce for processlllg from other growers, use

the actual cost ofproduce, plus any costs assocIated With handhng, processlllg, packagmg and

marketmg processed product (from Worksheet 6) when completmg Worksheet 8

Worksheet 5 Collect some basIc mformatIOn

CommodIty -------------------------
Vanety _

1 Overhead Costs

Salanes (managers, office staff, etc) Rs------
Office e\.'Penses and supphes Rs _
Mamtenance, parts and reparrs Rs _
UtIlItIes (gas electnc) Rs------
CommUlllcattons (Telephone, FAX, e-mail) Rs _
Rent Rs------
rn~ Rs------

Total = Rs------

Ovelhead costs affihated With tlus commodIty
(base on pelcent ofyour total processt"d product)

% Rs---- -----*
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2 General mformation related to each practIce

Page 3

Base upon preVIous expenence With the commodIty, your CSAM results (see Appendix A) or
est1Illates proVIded by other producers/shIppers, buyers, publIshed lIterature on postharvest
technology, costlbenefit examples proVIded ill each chapter of thIs workbook or mformatIOn
avaIlable from your local ExtensIon SetVlCe Many recommended PHTs will reduce losses by
1ll1l11IlllZ11lg decay, mechal11cal damage and weIght loss dUffilg flesh handhng, and Opt11ll1ZIllg
product qualIty dunng processmg

Current Practice (descnbe) _

New Practice (descnbe) _

Current practIce New piactice

Expected ytelds kg kg

Est1Illated physIcal losses
amount ofculls dunng ple-sortmg % %
losses due to pests % %
losses due to mechal11cal damage % %
weIght loss dunng handhnglstorage % %

Sum oflosses kg kg

Expected grades
lnghest kg kg

second kg kg

lowest kg kg

How much fresh produce will you have available for processmg?
(lowest grade IS usually not acceptable quahty for processmg)

(Expected ytelds - Estimated sum of losses) _ ___kg ___--'kg

How much processed product
will you have to sell? ____U111ts ____Ul11ts
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3 Mal ket Pnces (obtam from your buyers or past hIstory) Umts may be by weIght (lbs, kgs,
etc ), by volume (pmts, quarts, hters, etc) 01 both

Expected pnces per umt (wholesale)

lughest category _

second category _

Expected pnces per umt (retaIl)

htghest category _

second category _

Worksheet 2 Companson of Direct Costs

Rs / (Ulllt?)

Rs /
------' ---

Rs /
------' ---

Rs ----'/ _

Does one practIce cost more than the other for productIOn, preparatIOn for processmg,
postharvest handlmg (temporary storage or transport), matenals, power, eqmpment for
processmg, marketmg, etc? CalculatIOns should be based on expected yteld, postharvest and
processmg losses, hourly labor costs, and expected volumes to be handled Spectfic detatls for
recommended practIces are mc1uded m the examples found at the end of each chapter of the
book WIth those costs that are expected to change hsted mdlVldually unde! each category If
you find there are addltlOnal costs assocIated WIth your operatIOn, please add these to the hst

Current PractIce ------------------------
New PractIce --------------------------

Pie-Harvest

seeds or plalltmg matenals

land plepalatlonJplantmg

Current practIce

Rs----

Rs----

New practIce

Rs _

Rs----

cultIvatIOn (pnmmg, thmmng, mulchmg, etc) Rs. _ Rs _

preharvest 11 eatments (pestICIdes, etc)

Imgatlon

Rs----

Rs----

Rs----

Rs----
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fertilIZatIOn

other------------

Harvest and Market PreparatIon

labOl and eqUIpment for harvestmg

other-----------
cost of any pUIchased produce

PART II WORKSHEETS

Current practIce

Rse-.- _

Rs----

Rs _

Rs----

Rs----

Nevv practIce

Rs. _

Rs----

Rs----

Rs----

Rs----

PageS

Packmghouse OperatIOns

pie-sOltmg Rs Rs

vvasbwug/cleanmg Rs Rs

slZlllg/gradmg Rs Rs

samtatIOn Rs Rs

• bulkpackmg Rs Rs

othel Rs Rs

TemperaturelRH Management

pre-coohng Rs Rs

coohng Rs Rs

storage Rs Rs

other Rs Rs

TranspOltatIon

veluc1es

fuel

coolmg

other------------

Rs----

Rs----

Rs----

Rs._---

Rs----
Rs----

Rs _

Rs----
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Current practIce New practIce

Processmg

npeumg Rs Rs

sortmg/gradmg Rs Rs

pre-treatments Rs Rs

processmg eqUIpment Rs Rs

matenals/supphes for processmg Rs Rs

labor Rs Rs

fuel/power costs Rs Rs

packagmg Rs Rs

other Rs Rs-----

Other Costs

mar1..etmg (fees, sales labor) R~ Rs

dIsplay Rs Rs •promotIOnal actIVItIes Rs Rs

food safety program Rs Rs

other Rs Rs

Total Direct Costs Rs Rs
*Overhead Costs for thIs commodIty Rs Rs

10tal Costs Rs Rs
Total costs per Ulllt ofproduct for sale Rs Rs
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PART II WORKSHEETS

Worksheet 7 Compallson of Benefits

Page 7

Base upon expected yIelds and quahty, amoilllt of product available for sale ill vanous pnces
categones, and expected pnces per illut collected m Worksheet 5 (umts ofproduct at each pnce
x pnce/umt = expected sales at each pnce category) Do the calculatIons for eIther wholesale
01 IetaIl pnces or a combmatlon Ifyou will sell both ways

CUI rent PractIce----------------------

New Practice ------------------------

1 Expected sales (wholesale)
htghest category

second category

Subtotal Sales (wholesale)

2 Expected sales (IetaIl)
htghest category

second categ01y

Subtotal Sales (retail)

3 Total Expected Sales

Cun ent pIactice

Rs----

Rs----

Rs _

Rs _

Rs _

Rs----

New practIce

Rs----

Rs _

Rs _

Rs _

Rs. _

Rs----

Rs----

4 ComparatIve Advantage
(Total Expeaed Sales - Total Costs = ComparatIVJ Advantage)
refel to the total costs calculated for each practIce m Worksheet 6

Current practice Rs - Rs. _ = Rs (a)-----

New practice Rs - Rs. = Rs (b)

Whtch practIce IS most profitable,
and can proVIde the best economic
opportumty?

Cunent practIce

Rs----
(a)

New practIce

Rs _
(b)

PART II SMALL-SCALE PROCESSING TECHNOLOGIES FOR HORTICULTURAL PRODUCTS

I)



PART II WORKSHEETS

Worksheet 8 Recovery of Invested Capital (ROle)

P'lge 8

Ifthe new processlllg technology costs more thau your current practIce, how long wIll It take to
pay for your lllvestment III the new practIce') An excellent return on mvestment would be a
recovery t1llle ofless than one month, whlle a slower return may reqUIre an entlfe season (3 to 5
mouths) Any longer recovery penod usually would not be consIdered a good leturn on
lllvestment

Current PractIce -----------------------
New PractIce -------------------------
1 Difference III total direct costs f01 new practIce = Rs _
(Actual capItal outlay for new eqUIpment and facilitIes, plus power costs, supphes and labor
requrremellt~ when compared to costs for the current practIce over the entrre season see
Worksheet 6) Ifyou purchase produce for processmg, use your actual cost plus any handlmg,
processmg, packagmg and marketmg costs

2 Interest rate (If capital IS bonowed) = % per a11l1Uill., or % per month--- ----
Cost ofcapital at three months = Rs _
Cost ofcapital at SIX months = Rs-------

3 DIfference III sales usmg the new practIce = Rs per month
(Subtract total expected sales usmg the current practIce from total expected sales usmg the new
practICe see Worksheet 7, divide the dIfference by number ofmonths of sales)

4 Calculate ROIC III months to recover Illvested capItal

(DIfference III total direct costs + any mterest paid)
Months to pay for
lllvestment

Difference III Sales pel month

Rs pel month

(&._---- +Rs )-------
Months----
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INTRODUCTION TO PART III
SMALL-SCALE MARKETING STRATEGIES

There are WIde vanety of wholesale and Ietan marketmg strategIes avanable to the small-scale

producer or processor of hortIcultural products When producers sell through tradItIOnal

wholesale tennmal markets m the US, only about 3lr% of the consumer pnce goes to the grower

The maJonty of the purchase pnce goes to pay those who pack, sInp and retan produce to

consumers In companson, WIth dIrect marketmg strategIes, much more of the consumer pnce

wmds up m the hands of the grower because you take on these postharvest teasks Ifyou tlunk

of customers as groups of people who have varymg needs and wants, and develop a plan to

produce crops that will meet theIr needs, you can proVIde products they truly value (based upon

supenor flavor, nutntIOnal value, convemence, etc) Ideally you will commumcate WIth potentIal

customers and develop relatIOnslnps WIth yom buyers that allows you to plan well ahead for each

season, and generates repeat busmess at pnces that reflect the perceIVed high value of your

products Dependmg on how many ofthe postharvest steps you decIde to take upon yourse]£ It

IS pOSSIble that 100% of the final plOduce pnce can be yours to spend on appropnate produce

productIOn, postharvest handhng, storage plactIces, etc and to take as the profits assocIated WIth

these handhng operatIOns

TIle tlurd palt oftlns book. WIll assist you to IdentIfY and utilize scale-approprIate, cost-effectIve

posthalvest technologIes for hortlcultmal produce and value-added products to
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Reduce po<;tha1"\ e<;t lo:>se.;; due to water 'md weIght loss, decay and phY<;lcal damage dUl1ng

mdrketmg

Mamtam 1)1 odtll.. e quaht\ and CLOnOl11lC value dunng mal ketmg

Incredse shelfhfe W1th pi opel temperature and lelatlve humidIty management

Assure food safety of fresh pi oduce and processed ploducts dUI111g marketmg

• ~ Increase lllcome by adoptmg postharvest technologIes that are profitable when marketmg

produce or processed pi oducts on a small-scale

EXPANDING YOUR MARKETING OPTIONS

Fresh and processed produce can be marketed on the farm, at the farm gate, locally or regIOnally

VIa wholesale or retaIl operatlons or through exports to other states or countnes When decldmg

how you WIll market your fresh and processed produce each postharvest handlmg step that you

take on proVIdes another opportUllity to make additional profits

3 Local retad

Interstate
international

Export
Wholesale

-t
RegIOnal
retail

Local
_ wholesale

2 Farm gate retail

U pick
Pick Your o-.m
farm festivals

Farmers markets

Farm shop Grocery store

FARM-~-~;~
I On farm retail

IRetail I IWholesale

Regional
wholesale

/
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"Intermediaries are Important In
India because they are a substitute
for Infrastructure they perform the
distribution function that In other
countries would be carned out by
transport companies, commodities

processors and cooperatives '

Source FoodTalk March 1998

TYPICAL MARKETING MARGINS FOR FRESH PRODUCE

U S and Developed countries India

wholesale 2to 3% 15%

retail 4to 5% 15-20% .-
farmer receives 40 to 70% 25%

postharvest losses 4t06% to 50%

Source McKInsey & Co 1997

We recommend that you use more than one marketmg strategy and develop dIfferent markets for

your prvduce For example, you could market your hIghest grade peaches at a very hIgh pnce,

tree npened, and packed m new beautIfully deSIgned cartons, to speCIalty shops, take the medIUm

grade to the local farmer's market U1 reusable crates and sell the peaches dIrectly to consumers at

a model ate pnce and use your seconds very npe, handled 111 bulk for processmg to a value added

pi octuct such as fruit jam Fmdmg your own ways to market your produce IS the key to generatmg

the 11lghest profits

PART III SMALL-SCALE MARKETING STRATEGIES
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The table on the preVIous page outlmes the responsIbilitIes assocIated WIth the many dIrect

marketmg optIOns available to produce growers Many of you WIll currently be USIng one or

more of these approaches to market your produce, and may have some mterest m learnmg about

others Ifyou are new to drrect marketmg, you will have to attempt many ofthe postharvest tasks

descnbed m Part I ofthts book For example tfyou want to wholesale your fresh or fresh-cut

produce dIrectly to users m restaUI ants hospItals, hotels or food servIce proVIders at a mInImUm

you must take on the costs of packmg, coolmg and shtppmg to malket If you want to retaIl

market your fresh or fresh-cut produce dllectlv to consumers, you must take on these postharvest

tasks plus the costs ofstOlage, destmatlOn handhng (npenmg, dIsplay) and sales There are trade

offs m costs and benefits to make whenevel drrect marketmg, but havmg drrect control of these

postharvest operatIOns allows you to protect produce quahty and food safety and mamtam the

hIghest econOmIC value dunng the penod you WIsh to sell produce As the examples pIoVIded m

thIs book have shown, mvestments m postharvest technologIes often payoffqUIckly by Ieducmg

weIght loss and decay, and protectmg plOduce quahty and value whlle mcreasmg your rnarketmg

optIOns and econOmIC Opportuntles

MARKETING VERSUS SELLING

Producers can choose to sell hortIcultural crops to a vanety of customers usmg a WIde range of

marketmg strategIes Matketmg requrres an attItude qUIte dtfferent than does sellmg Sellmg

produce ends WIth findmg someone who will take what you have to sell off your hands and pay

you for It Sellmg usually mvolves adveItlSmg products, and somehow bemg clever enough to

get a pnce htgh enough to allow the seller to make a profit Some growers speak of "throwmg",

dumpmg ll or IIgettmg nd of' therr produce, as though It IS some kInd ofwaste plOduct rather than

a carefully cultIvated hIgh-value commodIty Most frUIt growers m Indta sell therr produce even

before the crop IS harvested, and allow a harvest contractor to decIde when to harvest and reap

the plOfits assocIated WIth postharvest handlmg and marketmg Ifyou are uncomfortable WIth

meetmg and sellmg to the people who WIll eat your produce, or have no paItIcular mterest III

postharvest handhng, packmg, storage or processmg and retatlmg, you can sImply sell your

produce dllectly to a ttader or reseller for a ffillllillal wholesale pnce and be done WIth It
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Marketmg, on the other hand reqUIres that you determme and meet the needs ofyour customers

befm e harvestmg and packmg the product If you want to earn more of the potentIal profits

assocIated With hortIcultural handlmg and marketl11g, and have some mterest m applYl11g some of

the postharvest technologIes descnbed m thIS book, you may want to dunk of learnmg more

about drrect produce marketmg Each chapter has proVIded examples of postharvest

technologIes that can help you mcrease your profits dunng produce handlmg and marketmg

Mmketmg IS qmte dIfferent than sellmg, m that you filst try to find out what potentIal buyers

want, then supply the produce people would most ltke to buy, at pnces they wtll wtllmgly pay

when they want It and at places where they want to shop

Marketmg produce mvolves everythmg from plannmg exactly what to grow, harvestmg at the

nght tlme for htgh qualIty, proper maturIty and food safety, packmg and coohng to protect

produce quahty, storage under proper condItIOns untIl pnces are htgher, and transport to a vanety

of market outlets, to drrect sales to customers Marketmg requrres you to be knowledgeable

about the produce (ItS chaIactensttcs, nutntIOnal value, uses m cookmg, etc), packagmg

(provIdmg protectIon, mformatlon and VIsual appeal), pncmg strategtes (offenng bulk produce,

specialtles, value-added products) and promotion (mc1udmg sales dIsplays, advertlsmg, dehvenes

and customer seTVlce) There are many excellent reference books on marketmg, and we refer you

to those lIsted m the Reference sectIon at the end ofthe chapter for more detatled mformatIOll

Part III of the book descnbes marketmg practIces mcludmg destmatlon handhng technologIes

such as re-sm1mg/re-packmg, temporary storage, npenmg and de-greemng practIces, dIsplay

methods, and a Wide range ofdtrect wholesale and retaIl marketmg optIOns

TIle mal ketmg optIOns descnbed mclude the follOWing

\Vholesale marketmg dIrect to local produce markets/supermarkets, food servIce

pioviders/schools restaUIants/hotels, speCIalty Ietatl shops and through trade shows and

wholesale malketmg cooperatIves (Chaptel 18)

Retail marketmg drrect through fann shops, roadSIde stands, pick-your-own operatIOns, fam1

haIls, fanner's markets, and retaIl marketmg cooperatIves (Chapter 19)

Alternative (non-marketmg) optIons commrnuty supported agnculture (CSA), subscnptIOn or

membershIp fannmg (Chapter 20)
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If you reVIew the optIOns and complete the worksheets on marketmg strategIes proVIded In

Chapters 18 and 19, you should be able to make some clear decIsIons about whIch marketmg

optIOns make the most sense fm you, your customers and the crops you would lIke to produce,

handle, process and/or malket YOul chOIces will depend upon your mmVIdual mterests, deslled

level ofmvolvement m vanous postharvest handhng tasks and marketmg operatIOns, and the profit

potenttal assocIated WIth the specIfic ClOpS you handle and the customers to whIch you talget yom

malketmg efforts

How do I get my food product noticed?
Packaging upscale
Labeling refined
Ingredients only the best quality
Size appropnate (no "giant economy" size)
Price on the high Side
Shape upscale but practical

Source Hall, 1996
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DESTINATION ILANDLING

When handhng fresh produce at Its market destmatlOn, agam It IS ImpOIiant to aVOId rough

handhng, 1ll1UlmlZe the number ofhandlmg steps, and mamtam temperature and RH management

Ifproduce IS to be stored on SIte for any penod oftIme before sale, wholesale and retail markets

need clean, well msulated storage rooms Smce a Wide vanety of commodItIes are usually bemg

handled SImultaneously at this pomt It IS Important to remember not to nnx those With drfferent

temperature reqUIrements or store ethylene senSItIve commoditIes near ethylene generatmg

commoditIes Stackmg ofnon-umform contamers should be done With care to prevent collapse

ofweaker pack.ages, and heaVIer cartons should always be placed at the bottom of a stack

Before produce IS sold to the wnsumer, you may Wish to sort any ungraded produce mto vanous

qualIty categones, and then charge a Ingher pnce for the better qualIty produce At the mmImUm,

you should diSCaId any damaged or decayed ploduce m order to gIve the product more market

appeal Ifnpeness or matUflty IS non-umfonn, SOItlllg at destlllatlOn can help you to ensure that

consumers are buymg produce that IS ready to eat, wIllIe you hold the remallldel for sales the next:

day or week

If the produce handled IS a chmactenc fruIt crop that was harvested when mature-green (pears,

bananas, tomatoes, avocadoes mangoes), or at less than full npe (stone frmts, muskmelons) you

may want to npen the plOduce at the destmatlon market before It IS sold to the publIc
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You can help reduce losses m the future by mamtammg good records of the sources of losses

suffered at the wholesale or retaIl level Identrl)rIng whether losses were due to mechanIcal

damage, decay/dIsease tmmatunty or ovempelless allows the you to provide better quahty

feedback to ploduce harvesters and packers

GENERAL DOs AND DON'Ts FOR HANDLING PRODUCE AT THE
DESTINATION MARKET

Protect unloaded produce from the sun, and move containers qUickly from the vehicle
to the storage area

Load and unload produce from vehicles as gently as possible

Stack containers (not too high) In cool, well-ventilated storage areas

Mark containers with date of arnval

Entrances of cold rooms should have plastiC stnp curtaIns to reduce temperature
vanatlons dUring produce movement when doors are open

Storage rooms must be cleaned penodlcally to reduce decay organisms and odors

Use activated carbon filters In storage rooms to absorb odors generated by mixed lots
of produce

Use a pad containing potassium permanganate to reduce ethylene levels, especially If
storage temperature IS greater than 5°C (41°F)

Resort, trim, wash or npen produce before marketing to Increase ItS value, then create
displays of npened or ready-to-eat produce (Include a sign promoting these features)

Create unusual or convenient combinations of produce for dIsplays (mixed greens,
"mesclun" salad miX, salsa Ingredients)

Display produce In shallow layers to minimize consumer handling and reduce
mechanical damage
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LOADING AND UNLOADING

• Bays or platfonns for unloadmg should be of same heIght as bed ofdehvery tlUcks

Turn offthe engme of delIVery tmcks to reduce heat generatIon and productIon ofethylene

gas

• Handle produce as gently as pos~lble

Use push carts 01 hand-tlOlIeys for movmg commoditIes

A loadmg dock can ease the \\lork. associated \\lth handhng hortIcultural produce at destmatlOn

Contamers can be transfered more rapidly and With le~s bendmg and hftmg

For laige tmcks, a loadmg dock. 117 to 122 cm hIgh (46 to 48 mches) functIons well, willIe for

small tmcks or pIckups a heIght of 66 to 81 em (26 to 32 mches) IS recommended Measme

your velucles to detenmne the appropnate heIght for safe and easy unloadmg If you have the

0PPOltUlllty to construct a loadmg dock

Use a loadl~g dock ,e.g!'t cf 4&-48 Inches
(' 17-122 centimeters) for large trucks and
25-32 Inches (66-81 cennmetersj for pickups
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POSTHARVEST HANDLING AT DESTINATION MARKETS

Resortmg

• ProvIde adequate spal,e, appropnate sortmg tables

• FacIlIties should be eqUIpped WIth good hghtmg

• Culls should be properly dIsposed of

Tnmmmg/l e-cuttmg/bundlmg

• PJovIde adequate space, eqUIpment

• Use clean, sharp knIves and cutters

• PrOVIde scales rfbundlmg by weIght

• DIspose oftrunmed wastes properly

Washmg, cleamng and drymg

• PrOVIde potable, clean water

• Use clean rags or sponges

• PrOVIde racks for aIT dryIng produce

InspectIon and re-packmg

• PrOVIde adequate space

• PrOVIde good hghtmg

• Use color charts or samples for VIsual compansons

Page 17 4

Some produce may requITe washmg, tnmmmg, bunchmg or sortmg at the wholesale or retaIl

market level You will want to mspect mcommg produce to check on 1ll1tIaI quahty The layout

of the work statIon used for handhng produce at destmatIOn should be organIZed to mmlmlZe

non-productIve movement In the diustl atlon here, a dump table IS located next to a sml for

washmg produce and the dram board IS posItIOned dIrectly next to the smk Once produce has

dned cartons can be packed and placed onto a cart located nght next to the repackIng table WIth

thIS layout, a smgle operator could easIly perform all the handlmg steps or several handlers could

work SIde by SIde
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Source Selders A.. W et a1 1992

TEMPORARY STORAGE

PIo"lde adequate veutllatwu

Dram
Board

5lOk

o Dump Tallie

AVOId chillmg lliJury

AVOId water loss (use film wraps, wet the floor ofthe storage area)

• AVOId nuxmg ethylene generatmg commodItIes With those ~ensItlVe to ethylene

Use flaps on cold room doors to reduce temperature fluctuatIOns

Use storage racks and stach-able boxes to IDJD1IDlZe product damage

• Check arr and product temperature With a thermometer

Store the most cold-demandmg produce drrectly m front ofthe cold arr outlet

Use paper wraps or covers to protect chIllmg-sensItlVe commodItIes

ProVIde ade-quate au movement for all storage

DesIgnate the storages as non-smokIng areas

Keep storage areas clean

Use FIFO (first-m, first-out) rotatIon ofproduce placed mto storage

Avoid chilling InJury'

Tne minimum safe

temperature IS 10°C (50 OF)

for most chilling sensitive

commodities
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Temporary Storage Temperatures

When produce tS held at the destlllatlOn market fot a ShOI1 time before marketlllg the handler can

help mamtalll quahty and reduce losses bv stonng commodIties under theIr most sUItable

temperature/RH COndItIOns as descnbed III Chapter 7 and lIsted III AppendIX C However, tfthe

storage penod IS five days or less relatIve hunudtty IS mamtallled between 85 and 95%, and the

ethylene level IS kept below 1 ppm by ventl1atmg or usmg a scrubber, most commodItIes can be

grouped mto the folloWlllg three categones f01 temporary storage

32-36°F, 0-2°C 45-50°F.7-10°C 6o-65°F, 16-18°C

Vegetables and Melons -
.:::: J'''":; -

~
~.c t-t'o- .... _

anise collard* parsmp basI! casaba melon
artichoke cut vegetables raddlcluo beans snap etc cassava
arugula* darkon* radJsh cactus leaves crenshaw melon
asparagus* endlve* rutabaga cucumber* dry omons
bean sprouts escarole* rhubarb eggplant* gInger
beet garlIc SalSify Juan Canary honeydew melon
Belgian endJve* greenomon* shallot melon Jicama
bokchoy herbs(not basd) spmach* krwano potato
broccolI* horseradIsh snow pea* okra* Persian melon
broccoflower* Jerusalem sweet com pepper bell pumpkrn
brussel sprouts* artichoke sweet pea* club squash wmter
cabbage* kale SWISS chard squash summer hard nnd
cantaloupe kohlrabi turnip soft nnd* sweet potato*
carrot* leek* turmp greens* tomatJllo taro
caulIflower* lenuce* waterchestnut watermelon* tomato npe
celenac rnmt watercress* mature green
celery* mushroom yam*
chard* mustard greens*
chIcory* parsley*

apple
apncot
avocado npe
blackberry
blueberry
cherry
currant
cut fruits
date
fig
gooseberry
grape
krwlfrult*
nectanne
peach
pear ASian

European
persimmon*
plum
Drune

qUInce
raspberry
strawberry

avocado unnpe
cactus pear tuna
carambola
chayote
cranberry
felJoa
guava
kumquat
longan
lychee
mandann
ohve
orange
passion fruit
pepmo
pmeapple
pomegranate
tamanllo
tangelo
tangenne

atemoya
banana
breadfruit
chenmoya
coconut
grapefrult*
lemon*
lIme*
mango
mangosteen
papaya
plantam
pummelo
rambutan
sapote
soursop

Products marked With an astensk are sensitive to ethylene damage

Source Thompson J F and Kader A A 1995 Postharvest Outreach Program
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RIPENING, CONDITIONING OR DEGREENING

• Use the proper temperature/amount of ethylene /tunmg for suffiCIent npenmg/conditlOnmg 01

de-greenmg ofmature commodItIes

Seal rooms tIghtly

• ProVIde adequate ventdatIon

Mat1..et studIes have demonstrated that consumet s aI e more lIkely to purchase fiUltS tf they aI e

npe and I eady to eat SometImes commodItIes such as bananas are left at ambIent temperature~

and allowed to npen naturally Covenng the bananas WIth a plastIC sheet will help npe111ng be

mOl e urnform throughout the lot (PHTRC, 1984) Placmg a sunple arr vent (a pIpe or a tube of

some sort) mto the center ofthe pile ofnpenmg fiUlt can help reduce overheatmg dunng llpenmg

and mcrease subsequent shelf hfe Small-scale wholesalers and retailers can also npen fiults m

bms or large cartons by placmg a small quantIty of ethylene-generatmg produce such as npe

bananas m WIth the produce to be npened Cover the bm or carton WIth a plastIC sheet for 24

hours, then Iemove the plastIC cover

Too Ingh temperatures can actually slow the rate of npenmg and softenmg Stone fiuItS can

become dry and mealy Ann for a temperature of 68 OF (20°C) for the best quahty npenmg

Number of days to soften to ready-to-eat firmness (about 2 Ibf)

Nectannes PlumsTemperature

(OF) eC)

86 30

77 25

68 20

59 15

Peaches

33

27

38

56

42

32

43

69

28

27

37

56

Source CaMorma Summer FruIts Do the Ripe Thmg (CA Tree Fruit Agreement)
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Rlpenmg, condltlOnmg and de-greenmg recommendations

The mtroductlOn of ethylene gas or ethylene-releasmg compounds mto a speCIal StOI age

enVIronment (knO\Vll as a npenmg room or cabmet, dependmg upon SIze) IS a more effectIve way

to ensure umform npenmg

of avocadoes, tomatoes,

melons, mangoes, stone

frUits, bananas and

kiWifrUit

RIPENING Wlllmcrease

sales and Increase value

1'1
't

L...-_;-;,"'"----;-,;'-;"11'-,;;;:;"rr.,II--;;,,"T,'"'"II11""---;''''';;;;\j 11;;;-110 f

RJ.perung and condItlOnmg temperatures m the table

refer to pulp temperature, and should be meaSUl ed WIth

a cahbrated temperature probe RelatIve hUlmdIty

dunng npenmg should be mamtamed between 85 to

95% Fans should be used to ensure that ethylene gas

IS umformly dIstnbuteaWIthIn the room. After

npenmg, produce should be moved mto recommended

storage condItIOns at lower tempelature to mamtam

quahty durmg marketmg Exposure to ethylene for

npenmg, condItIOnmg and degreemng purposes will always decrease shelf hfe, so you should

carefully evaluate the market requrrements before you use these postharvest techologIes

Indigenous npenlng practices In India Include the use of CalCium Carbide
and water or Ice, and uSing fires to create smoke and ethylene gas

It has been shown, however, that

1) mangoes npened slowly at a temperature as low as 20°C (68 OF)
develop better eating quality and color

2) bananas npen much better In cold storage They can be stored at a
temperature slightly above 12°C (55 OF) and an RH of 85-95°J'o for about 3
weeks, and npened In a week or two at 17-21 °C (62-70 OF) FrUit npened
at thiS temperature has a Uniform, attractive yellow color and does not
have the black spots that are found on frUit npened at higher temperatures

Source Singh 1998
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Rlpenmg conditions of some commonly npened fruits

Commodity Ethylene cone (ppm) Ethylene exposure Temperature
(hr) OF °C

avocadoes 10-100 12-48 59-65 15-18

bananas 100-150 24 59-65 15-18

klwfrUit 10-100 12-24 32-68 0-20

"' 12-24 68-72 20-22mango 100-150

melon (honey dew) 100-150 18-24 68-77 20-25

stone fruits 10-100 12-72 55-77 13-25

tomatoes 100-150 24-48 68-77 20-25
(mature-green)

Sources Thompson 1994 Cantwell 1994
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CondltlOnmg lefers to a vanety ofpostharvest treatments that enhance quahty For pears, storage

at low temperature (2 weeks for 'Bartlett' and 6 to 8 weeks at 0 °C or 32 of for 'AnJou') followed

by exposure to ethylene gas results m the most unIform npenmg and best eatmg quahty Some

cultIvars ofpears do not change color as they npen-- consumers should be educated as to what to

expect when purchasmg these vanetIes (,AnJou', 'Bose', 'Colll1ce', 'Seckel') Canteloupe melons

reqUIre only warmer temperatures (2 to 3 days at 15 to 20°C or 59-68 OF) to soften and develop

theIr charactenstlc aroma Most apples will not reqUITe COndltIOnmg, but sometImes 'Granny

SmIth' apples are treated With ethylene when harvested early m the season to get a Jump on the

market

Condltlonmg recommendations for some frUits
(enhancing softenmg, color and/or aroma development)

Commodity Ethylene cone (ppm) Ethylene exposure (hr) Temperature
OF 0C

apples
('Granny Smith')

pears
(after cold storage)

10

10-100

144

24-48

77

68-77

25

20-25

Sources Cantwell 1994 Mitcham 1994
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De-greenmg of CItruS IS sometImes pI actIced when the local chmate does not proVlde the cold

mghts/walm days necessary fOl natural de-greenmg of the peel dunng npenmg The condItIOns

requrred for de-greemng usmg ethylene gas 'Wlll always decrease the postharvest hfe ofthe CItruS

fruIt, so It IS a good Idea to dssess the market before domg any unnecessary de-greenmg For

example, If consumers WIll be makmg JUIce or usmg the flult peeled and cut fito sectIons, they

may desrre longer shelfhfe as a trade for de-greened peel

De-greemng conditions of some commonly de-greened frUits
(at RH= 90%)

Commodity Ethylene conc (ppm) Ethylene exposure Temperature
(days) of °C

grapefruit 5 2-3 68-70 20-21

lemons (CA coast) 5 5-14 60-65 15-18

lemons (AZ/CA desert) 5 2-8 68-70 20-21

oranges 1-10 1-3 68-72 20-22

Source Thompson 1994 Arpala 1994

Rtpenmg (or de-greenmg) rooms are often used for

tomatoes, CItruS fruIts and bananas The use of

diluted ethylene gas nnxtmes IS safer than usmg pure

ethylene whIch IS explOSIve and flammable at

concentratIons of3% or lugher

For tomatoes, techmcal grade ethylene gas IS

mtroduced 1I1to the room at a concentratIon of about

De-greening does
NOT Improve
Internal quality -
only the external
color of citrus frUits
IS changed, and
shelf life IS reduced

100 ppm fOl about 48 hours ApprOXimately 025

cubIc feet/hr of ethylene gas IS reqmred for each 1000 cubIc feet ofnpemng room volume A

small fan can be used to ensure a u11lfonn contmuous flow of ethylene mto and through the
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room forced-aIr npenmg IS mcreasmgl) bemg used to provIde more umform temperatures and

ethylene concentratIons throughout the npenll1g loom

..
Contmuous flow gassmg

Tomatoes

!

i-B~::~:g for
Ethylene

Flowmeter

Two Stage

I
"'Regulator

- Ethylene'-- -' Cylinder

Alr I
Outlet '"
Hole

Source Kasffilre 1981

Remember

• ConcentratIOns above 150 ppm do not speed up the rIpenmg process

• BuIldup of CO2 will reduce effectIveness of ethylene (use adequate aIr exchanges to

prevent buIldup)

• Ethtlene gas IS explosive m aIr at concentratIOns between 2 8 0
/0 and 29 0/0

• Never use an open flame near rooms contammg ethylene gas, or near a gas cylInder

• Ground all plpmg to ehmmate the danger of electrostatic discharge

• Instruments that detect the concentratIOn of ethylene m air should be set to sound an

alarm IS the concentration approaches e~ploslve leveis (2 to 30 percent)

Rlpenmg can also be lllitlated by usmg ethylene generated by passmg ethanol over a bed of

actIvated alumma 11l1s method IS safer than usmg pure ethylene gas Ethylene-releasmg

compounds such as ethephon {(2-chloroethyl) phosphomc aCId} are sometImes used to open

tomatoes destmed for processlllg When uSll1g ethepbon as a spray, the amount of ethylene

Ieleased wtllll1cl ease as pH and/or relative hUl11ldlty Increase
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DISPLAY INDOORS/OUTDOORS

• ProVIde racks and shelves

ProvIde shade

• Protect produce from mJury (don't stack too hIgh)

• Use crushed Ice as a bed fOJ Ice-tolerant crops

Use watel (spnlllJmg, illlstmg) to reduce wdtmg ofleaf)r

vegetables

• Use colorful SIgnS WIth pllces and other useful tnformatIOn

Page 17 12

High levels of
postharvest losses
In India are due to

poor retailing
conditions, where

dlspays are In piles
or baskets open to

the elements

Source McKmsey & Co 1997

When displaymg hortIcultural crops, smgle ofproduce are most lIkely to protect the commodItIes

from compressIOn damage and overhandhng by the consumers Temperatures ofthe msplay tables

or refrIgerated supermarket chsplays should be suIted to the commomtle" 011 sale Most lIkely you

WJ1l need more than one dIsplay, smce crops need drfferent handhng for quahty mamtenance For

example, whIle peppers and tomatoes look pleasIng when dIsplayed WIth lettuce, peppers and

tomatoes are chtlhng sensItIve, whIle lettuce IS WJ1l have a shortened postharvest Me at 10°C (50

OF)

You'll want to dIsplay produce m an attractIve way, usmg a vanety ofmethods, arrangements and

backgrounds Pyraillld dIsplays tend to allow produce to roll down and become damaged, whIle

bms ofproduce result In the bottom layer becommg squashed as people handle the produce whIle

shoppmg Try to present produce In a smgle layer or at most two layers deep, and restock

regularly as customers buy from the msplay

Outdoor marketplaces make temperature control dIfficult and the hIgh rate of au CIrculatIOn

outdoors can lead to speedy deSSICatIOn of crops, wInch WIll be seen as shnvehng and Wlltlllg

These marketplaces can often benefit by the mcreased use of shadmg and protectIOn from

prevadmg WInds MIstlllg commodItIes that can tolerate surface water (lettuce broccolI green

O111ons) WIth cool, clean water can help mallltam a hIgh relatIve hUillldlty around the product
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A sllnple spnnkler devIce can be constructed by perforatmg a pipe WIth tmy holes and connectmg

It to a hose If this dlsplav IS used outdoOls shade should be provided

"F ~/}>",; A~
WATER MIST

DRAIN

ThIs wooden display table IS desIgned to be used for commodltles such as cructferous crops 01

leafY gleen vegetables that tolerate coolmg WIth Ice The table can be used m the honzontal

pOSItion or as a tuted dIsplay For mOle complete deSIgn specIficatIOns, contact the Cornell

Umverslty ExtensIOn ServIce, 304 RI1ey-Robb Hall, Ithaca, New York, 14853

About 15 kg of crushed Ice per square meter (4 to 5 lbs per square foot) of dIsplay space are

requITed for coohng per day A catch patl should be proVIded for melt water To tll1ll1IlllZe Ice

needs, the dIsplay tray should be msulated and kept out ofthe dtrect sun

Source Bartsch J A et al No date
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COSTS AND BENEFITS OF RIPENING FRESH PRODUCE BEFORE MARKETING

Costs
Facilities (npelllllg room or cabmet)
Ethylene generator
Power
Labor

Benefits
Inclease market value
Increased sales (reduced losses)

Example 1

20 cartons (30 lb/carton) of avocadoes are harvested, packed, cooled and transported to the

destmatlon market ill CalIforma At the roadSIde stand, a dIsplay of 10 cartons of avocadoes IS

unmedlate1y set up at ambIent temperature (shaded) whIle the other 10 cartons are placed mto the

npenmg room for 2 dayS before bemg put on dIsplay for sale

Mature-green RIpe fruIt

Marketmg penod 7 days 4 days

Cost ofnpenmg $20

Market value $0 69/lb $0 99/lb

Sales 450lbs 500lbs

Losses 150lbs 100lbs

Net retums $310 $475

Note

SIgns l11foffi1mg customel s of the ready-to-eat state of the fruIts WIll help l11crease sales Some

vendors have fOWld that creatl11g separate dIsplays of both npe and Wl-npe fruIts can Improve

sales even further smce customers WIll purchase a few of each type, one for ImmedIate use and

the other for use ill a few days
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Example 2

1000 kg of bananas are harvested packed cooled and transported to the destmatlon market In

Punjab At the roadside stand, a dIsplay of500 kgs IS 11lllllewately set up at ambient temperature

(shaded) whIle the other 500 kgs ale placed mto the npenmg room for 2 days before bemg put on

dIsplay for sale

Malketmg penod

Cost ofnpenmg

Market value

Losses

Sales

Net returns

Mature-green RIpe fruIt

7 days 4 days

Rs 1000

Rs 5/kg Rs 15/kg

10% 10%

450 kg 450 kg

Rs 2250 Rs 6750

Rs 2250 Rs 5750

SOURCES OF EQUIPMENT AND SUPPLIES FOR DESTINATION MARKETING

bags (plastic, cotton, paper)

canopies and market umblellas

ethylene generators

market contamers

marketing matenals for produce marketmg

refngerated forced-mr npemng facilities

npemng cabmet

ActIOn Bag Co
Adelman-Fisher Packaging
Polybags PIus

Northern

Amencan RIpener Co
CatalytIc Generators Inc
InternatIOnal RIpenmg Corp
PrecIsion Generators Co Inc

Rockford Package Supply Co

JAMarketmg

Cool Care Consultmg Inc

CatalytIC Generators Inc
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npemngroom

nperung room supplies

CHAPTER 17 DESTINATION HANDLING

Amencan RIpener Co
Dade SeTVlce Corp

Amencan Ripener Co
Catalytic Generators Inc
internatIOnal RIpenmg Corp

Page 17 16

For addresses and phonelFAX numbers of supplIers please refer to AppendIx 0
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WHOLESALE PRODUCE MARKETING

Wholesale produce marketmg IS a lughly competItIve busmess, mvolvmg brokers, COmmlSlOn

agents, sluppers auctIoneers, recelVers, nnxers, dlstnbutors, purveyors and producers Ifyou sell

through a tradItIOnal tennmal market, you will find that there are many more produce growers than

produce buyers, creatmg a "buyer's market" where the buyers generally set the dally wholesale

pnces Whenever the supply of a specIfic type ofproduce IS lugher than projected demand, pnces

can fall to very low levels, and producers will find It more dtfficult to make a profit It IS lIllportant

to find ways to drlferenttate your products and marketmg options and to take advantage of the

postharvest tools you have at hand to maXl1lllZe your profits

Some of the practices and technologies we have presented m Part I and Part II and Chapter 17

can be utIhzed drrectly to assIst your wholesale marketmg efforts

• aVOid seasonal gluts by producmg earher or later than othel growers

• plOduce cultlVars With speCIalty charactenstlcs (flavor, appearance, storage potentIal)

use matunty mdlces to assure hIghest quahty at harvest

sort by quahty/maturlty to maxmuze marketmg optIons

• field pack or ranch pack to IDmlID1Ze mechamcal damage and protect quahty

• use packagmg that Will protect produce dunng handhng and extend shelfhfe

• cool produce properly (aVOid delays m coohng, aVOid chillmg mJury, proVIde the proper RH

envrronment) to extend shelfhfe
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Source Smgh 1998

"The marketing of frUIts In India

IS the most sorry aspect of the

frUit Industry Whereas In

countnes like Japan, the small

growers are assured of an

adequate pnce for their

produce through cooperative

marketing, the grower In India

IS at the mercy of the

mIddlemen, who make more

profit than the grower II

• store produce on the farm to aVOId selhng dunng glut supply penods

• process produce to more stable forms to extend shelfhfe and mcrease marketmg optlOns

One way to lllcrease potentIal profits IS to market dIrectly to local wholesale customers such as

food markets (produce departments, mdependent retailers, supermarkets), mdustnal food

selVlce operators (schools, hospItals, pnson cafetenas), restaurants and hotels, or specIalty retail

food shops (health food stores, gourmet shops) rather than sellmg produce only through regIOnal

termmal markets Another optIon IS to reduce your total costs by sellmg to food processors

(reqUITlllg fewer handhng steps) or by J0111111g a cooperatIve (and share productlOn, handhng and

marketmg costs WIth others)

Fmdmg a mche market will greatly mcrease

potentIal profits Market mches are

unpredIctable, but often are related to

somethmg new or unusudl ProvIdmg safe

food (chelll1cal free, orgamcally grOWll

produce) may be a mche market m your

commumty Domg somethIng better then It IS

currently done can fill a mche-- for example,

proVldmg orgamcally grOWll leafy greens that

are free of aphIds, a common problem found

m the orgamc produce sectlOn of health food

stores Truly unusual products can sell well IT

you market them to mnovatlVe people, such

as a chef knOWll for hIS umque CUlsme

SometImes ethnIC cookIng usmg 'new'

'----- ---Imgredlents or a nutntlOus vegetable will be

hIghlIghted 11l the medIa and WIll suddenly become popular Be wamed that Ifyou IdentIfy a new

product that sells well at a hIgh profit, new growers wtllJom you dUrIng the next season and your

prIces may have to come doWll as competItors flood the market ConsIder mche markets to be

temporary, and always be on the lookout for a new Idea
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Ifyou process fresh produce to add value, addItIonal markets WIll be avaIlable to you You'll need

to follow standard plocessmg procedures to ensure food safety and may need to proVIde a safe,

cool place for storage of processed products QualIty and the perceIved value of processed

products WIll be Judged by a WIde range of standards related to appearance, flavor, packagmg

matenals labels and whether you proVIde a wntten product guarantee Rather than processmg

plOduce because sllnply because the method SUIts the plOduce and plOvldes a profit, process to

meet a need 01 want ofyour ct.stomel s You may want to plOvlde some sample" for taste-testIng

111 order to get a good Idea of the potentIal malket before you mvest 111 any produce processmg

for wholesale or retaIl sales

ExpOltmg produce has Its OWll long hst of rules and legulatlOns to be followed Sea-Land

ServIce, Inc has compiled a hst of 40 typIcal steps that must be carned out by 1I separate

partIes, mc1udmg the smpper (you), freIght forwarders, mland carners, (,ommerclal banks

termmal operators, ocean canlers, customs mspectors, customs brokers, cargo lllspectors, port

authonttes and msurance surveyors If you are mterested m leammg about produce exports,

Identrfymg export markets, meetmg phyto-sanItary restnctlons and food safety requIrements VISIt

the CahfOlllia Agncultural Export Program webSIte

Cahforrua Department of Food and Agnculture 1220 N Street, Room 280-A
Sacramento, CA 95814 Phone (916) 654 0389 http //www cdfa goy/exports

For more mformatlOn contact your state Department of Agnculture and refer to USDA Handbook 700
(Welby and McGregor 1997)

PART III SMALL-SCALE MARKETING STRATEGIES



CHAPTER 18 WHOLESALE PRODUCE MARKETING

GENERAL DOs AND DON'Ts FOR
WHOLESALE PRODUCE MARKETING

Page 18 4

Meet customers to inquire about their produce needs (what they want to
purchase, how much and when)

Assess your marketing options to determine which Will be profitable
(Worksheet 9)

Pack produce In standardized, new containers, by standardized grade
(usually by size)

Check products before shipping to ensure they will mept all the buyer's
specifications for quality, grade, packaging, volumes or weight

Diversify your markets and reduce risks by uSing more than one
marketing strategy and seiling to more than one buyer

Provide only high quality prOducts, consistent over the season

Offer samples of new produce or processed products to prospective
buyers

Ship the amount agreed upon on the date agreed upon Do NOT miss
shipments or make late deliveries

PrOVide buyers With information on the proper condltons for wholesale
level storage of produce (see AppendiX B for speCifics)

Refrigerated and mOist for leafy greens
Refrigerated and dry for most produce Items
Cool, dry for chilling senSitive commodities
Cool, dry for onions and garllc--separate from all frUits

ConSider attending specialty or profeSSional trade shows to meet
potential wholesale buyers
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Mandated Market1l1g Orders and CommIssIOns

In Cahfonlla, marketmg orders and commISSIons have been set up to aId marketmg of specIfic

hortIcultural commodIties and establish standards for grades by SIZe or/and matunty Although

affected by market1l1g orders and COmrntSSIOns, most stone fruIts and melons, CItruS, pears, dates,

kIWifrUIt and walnuts are exempt from If dtrect IDmketed Ifyou plan to produce and sell large

volumes of Iegulated produce contact the CDFA Marketmg Branch for the manager of the

appropnate commISSIOn at (916) 445-5141

,
II Most buyers will requITe pre-cooled produce, smce It will

I have a much longer shelfhfe compared to produce that IS

handled Without cooltng If there IS any dIsagreement

" over grade, the USDA or your state Department of

Agrtculture can proVIde mspection serVIces (at a fee) that

I' follow USDA or market order gUldelemes

TERMINAL PRODUCE MARKETS

When mark.etmg wholesale through. US terrntnal mark.ets,

you must package produce m new contamers of the type

specIfied for each commodIty, sIZed to meet US or state

grades, and meet certam rntlllmum quahty standards

, Grades are usually referred to as eIther Extra Fancy,
I'

1, Fancy and Good or U S No 1 and U S No 2 Most

'I growers will find they have 30 to 40% "out ofgrade" due
i,l
I, to cosmetIC appearance alone (SIZe, shape or matunty),

and will need to find alternatIVe outlets for tlns produce

peppers
pistachiO
potatoes

prunes
raiSinS

strawberry
tomatoes

almonds

apples

apricots

artichoke

asparagus

avocado

carrot
cherry

figs

grapes
olives

Marketing Orders In California

that may affect direct

marketers(as of 1997)

You can gather mformatlOn m the US on current

commodIty market pnces, average truckIng rates between

major smppmg and destmatlon pomts, current supply and

demand for your products by calhng the Federal-State Market News SeIVlce at (900) 555 7500

Many states have local 1l1fOnnatIon gathered for the use of growers and marketer,;; available

-I--
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through thelf state Department of Agnculture, and m some countnes mformatIOn IS proVIded

through govemmental marketmg boards Ifyou are on-lme you can find lmks to current market

mformatIOll on the Intemet at a vanety of websItes, mc1udmg http //postharvest ucdavIs edu,

www todaymarket com and www producenet com

Ifyou are lookmg fOt wholesale produce buyers ill your area or for a broker who deals m produce

sales m the nearest IegIOnal termmal market, the telephone book IS a good source of current

mfonnatlon Local hbranes have phone drrectones for most major cItIes avaIlable for reference

use Other mformatIon sources, available to members and subscnbers, mclude the trade

drrectones of the UOlted Fresh FruIt and Vegetable AssocIatIOn (UFFVA) and the Produce

Marketmg AssocIatIOn (PMA), credIt references hsted m The RedBook and The Blue Book, U S

and CanadIan termmal markets descnoed m The Green Book and advertIsements m the weekly

newspaper The Packer

The Blue Book
Produce Reporter Co
Wheaton, llhnOtS 60187

The Red Book
7950 College Blvd
Overland Parh., Kansas 66210-1821

The Packer
P a Box 2939
Shawnee MISSIOn, Kansas 66201

Produce News
2185 Lemome Ave
Fort Lee New Jersey 07024
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LOCAL RETAIL PRODUCE MARKETS
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The produce vendors m the supermarkets lIldependent grocers and roadsIde stands m the towns

near your fann most lIkely purchase most of theIr fresh produce from a tradItIOnal termmal

market Produce buyers travel to VISit the regIOnal termmal market to select the produce they

need and elth.er transport It to their shops 111 theIr own vehIcles or ha\ e It dehvered by the shIpper

or by l11dependent trucke. The saVl11gs 111 the cost oftransportatton alone, when produce IS sold

neal where It IS grown, makes It possible fOJ you to offer competltl\ e pnces when you market

directly to these buyers

Produce buyers from these retaIl outlets may not have tune to go out and look for local produce,

but most will be willmg to sample your fresh produce and buy IT you can proVIde Ingh quahty

produce that meets theIr needs As WIth all marketmg, It pays to meet potentIal buyers and

diSCUSS theIr needs and your productIOn pOSSlbilitles before spendmg tune and money producmg

crops And once an agreement IS made, It IS unportant to dehver the volumes you have proIlllsed

on the expected dates Ifyou have productIOn problems that force you to make changes, buyers

can usually make adjustments tfyou let them know as soon as possIble that dehvenes must be

rescheduled

Raley's Supermarket offers Nutn-Clean® certIfied lab tested produce WIth no detected pestIcIde

reSIdues (tolerance 005 ppm) Growers mterested m sellmg to Raley's must agree to work WIth

NutnClean field mspectors- and agncultural sCIentlsts to produce a product that will pass these

very tough food safety standards

WHOLESALE TO PROCESSORS

Wlnle tills marketmg optIOn IS one ofthe least complIcated for growers, the pnce you will receIVe

for produce sold to plOcessors IS usually very low compared to the pnce for fresh produce sold

dIrectly to retaIlers There IS a tendency for producers to beheve they can get nd ofsub-standard

"out-of-grade" produce by sellmg It for processmg, but tins IS not hkely, unless a predIctable

volume of plOduce at the packmghouse IS 1egulaI1y out-of-grade due to extreme npeness

Celtam melons and stone frUIts can be processed (frozen or dned) when they are too npe for

successful fresh handhng and shlppmg to wholesale buyers
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Ifyou want to sell to local processors, make sure that the cultlvars you produce are the types they

leqUIre for their products Generally a legal contract IS made between the glOwer and the

processor, and plantmg IS done on a pre-arranged schedule so that a certam amowtt of produce IS

supplIed over a certam penod of tIme at a specIfied pnce Some processors provIde productIOn

and hatvestmg assIstance such as seeds, cuhtvatlon advIce, hatvest labor and/or transport to the

plOcessmg facility

INDUSTRIAL FOOD SERVICE CUSTOMERS

Produce buyers for these operatIons often need large quantItIes of fresh produce, dehvered

consIstently over the season They wtll generally not be mterested m purchasmg specIalty, hIgh

pnced plOduce

Ifyou become a supplIer for a local school, hospItal, camp, nursmg home or pnson you wtll need

to plan pIoductIOn to extend the season to maXlIDtZe sales WIth a combmation of multIple

plantmg dates, multIple culttvars, productIon practIces to assIst early and/or later harvests, and

storage methods you can supply fresh produce over a long penod

Produce can usually be delIvered m large SIZed packages Ifyou make arrangements for the return

of empty crates you can reuse the same contalllers after cleanmg them 01 changmg the ltners

SPECIALTY FOOD SHOPS

Yom lughest qualIty, creatIvely packaged produce can be matketed m speCIalty food shops These

shops sell the most expensIve and e'\.clustve products to customers who want the best For

specialty shops, health food stores and gourmet food stores, brand name produce and processed

plOducts are often preferred by produce buyers and thetr customers Deslgnmg a simple label

WIth your faIm's name or logo IS a useful way to dlstmgmsh your products from those of your

competItors For example, for specIalty shops you can use a small stIcker on mdtvIdual fruits,

larger labels on bottled products or consumer packs of produce, or have cmtons deSIgned and

pnnted to establIsh and IdentIfY your brand It goes WIthout saymg that once you have establIshed
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a bl and name the produce gIven that label must be of the

hIghest qualIty One bad eX1Jenence wIll not only lose you

that customer but possIbly many others slllce they WIll be

SUle to tell others ofthe problem WIth your brand

RESTAURANTS AND HOTELS

Smce restaurants and hotels have to plan menus well ahead

of the produce season, they need a consIstent supply at a

stable pnce Most buyers for these operatIOns want

produce flesh, clean and on tune Chefs and sous-chefs can

gIve you dIrect feedback on flavor vanetIes, SIZe, packagmg and the other charactenstIcs of the

produce you offer for sale Fmd out what they want, and make plans WIth them to provIde It over

the next season ConsIder workIng WIth your l1eIghbofUlg growers to mcrease the vanety and

volume ofthe produce you can supply

Some chefs are WIllmg to try exotIc produce or processed products that they can use ill theIr

restaurants Often they are willmg to pa" more for produce that has been washed, tnmmed or

fresh-cut Ifthe cold storage facilitIes at the restaurant or hotel are small, you may need to make

frequent deIIvelles AVOId rush tImes (meal preparatIOn and servmg tunes) when makmg

dellVenes and place produce III the cooler yourself to ensure It IS stored properly

Offer triple
washed mixed
salad greens
for 25% more
per Ib
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COSl S AND BENEFITS

or DIRECT WHOLESALE MARKETING OPTIONS

Costs

PreparatIOn for mal ket

SpecIal packagmg Ieqmrements

Transport (vehIcles fuel or shIppmg fees)

PromotIOn

Labor (delIvery, customer selVlce)

Insurance

Benefits

No broker fees

HIgher market pnces

PotentIal for matchIng market requrrements (lower losses)

WORKSHEET 9 WHOLESALE MARKETING OPTIONS

Page 1810

Make copIes ofthIs blank worksheet and use one for each commodIty you are marketmg Ifyou
do not know the actual market pnces ofthe produce you WIll be marketmg, work backwards to
calculate your costs, then detennme the mIDlIDum market pnce you need to make the profit you
desIre

CommodIty (vanetIes) _

1 Do some market tesearch
What types of wholesale markets are avaIlable to you)

I enumal markets
-~---

~ Local produce retatlers
Processors

~~-

Food ::,ervice
-~-~

_ SpeCIalty shops
Restauranb/HoteIs
Othet

~--
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Gather mformatlOn on potential local wholesale buyers

Buyers
(names, addresses, What do they want to buy? How much? When? Pnce?
telephone, FAX, e-mail) (commodIty vanetIes)

Page 18 11

EstImate the volume OfplOduce 01 processed product you expect to have to sell thIS season
(Refer to Worksheets I and 2 and/or Worksheets 5 and 6)

CommodIty (vanety)
or Product

Volume
(lbs or umts)

Market wmdow (when)

Fmd out what your competItors are chargmg local buyers for thetr stmI1ar produce or processed
product

CompetItton Commodtty (vanety)
or Product

Market wmdow Sellmg pnces

2 Compare the Costs assocIated WIth Marketmg OptIons

What are the specIfic handhng and marketmg costs for each type ofwholesale marketmg you will
use? (For the first tOpICS on the hst, complete Worksheets 2 and/or 5 for specIfic commodIttes
and calculate the subtotals under each tOpIC headmg) Major dIfferences will come from the
dIstance to vanous markets, specIfic market Ieqmrements for quahty/grade, whetheI you must
provIde transportatIOn, and WhICh postharvest steps you are WIlhng to undertake Make all
compansons on a per lb or per mllt basIs (dIVIde the costs by the amount you have to sell)
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FIllm the types of markets you want to InVestIgate on the top row, then enter the assocIated
costs

Market Type

Pre-harvest

Harvest

Packmghouse

Tempelatme
management

Storage

TransportatIon

DestmatIon
handhng

Processmg

Food safety

Marketmg fees

COmmISSIOnS

Sales labor

Recordkeepmg

PromotIOn

Insurance

Overhead

Other

Total costllb or
cost/umt
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•

3 Profitabbbty
Compare the costsflb or fumt to the expected market pnces to determme whIch marketmg

strategIes have the potentIal to provIde the most profits AVOId any markets or buyers that WIll

not proVIde a good retum on mvestment

Market Type Costllb or fumt Buyer Expected pnce Pnce-
Total Cost

--
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•

DIRECT RETAa
PRODUCE MARKETING

Farmers' markets, roadsIde stands and plck-your-own operatIOns are welllrnown forms of drrect

marketmg for vendors of hortIcultural produce These outlets are perfect for sellmg dehcate

vegetables and ready to eat npe frUltS that would not shIp well The Cahforma Department of

Food and Agnculture (CDFA) and other states exempt these types of operatIOns from SlZlllg,

standard pack and certam contamer and labehng requrrements

Some ofthe benefits of dtrect retail marketmg mc1ude

• Cash sales (nnmedtate payment)

• More control over market pnces (hIgher pnces)

• Low volume IS not a problem

• fleXIble workmg hours

Packmg, gradmg, labehng exemptIons

• Opportumty to test new products

ImmedIate feedback from customers

One of the best reasons to drrect market IS to provtde the freshest produce pOSSIble by reducmg

the number of tunes produce IS handled and mmtilllZlllg the dtstance between the farm and the

market WIllIe everyone knows how wonderful a freshly pIcked, vtue-npened tomato tastes, few

people have the opportumty to eat fresh tomatoes unless they grow them 111 theIr own backyard
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garden DIrect marketmg through a famlers' market IS a way to bnng npe tomatoes 01 tree

npened fruIts to cIty-dwellers who are Wllhng to pay a hIgh pnce for the pleasure ofbuymg and

eatmg them llnmedlately

Some of the practIces and technologIes we have presented 111 Part I and Part II and Chaptel 17

can be utilized drrectly to assIst your retail malketmg efforts

• aVOId seasonal gluts by producmg earher or later than other growers

• produce cultlVars WIth specIalty charactenstIcs (flavor appearance, storage potentIal)

• use matunty mdIces to assure hIghest quahty at harvest

• sort by quahty/matunty to maxnmze marketmg optIOns

• field pack or ranch pack to illlD1m,Ze mechamcal damage and protect quahty

• use contamers that wtll protect produce dunng handhng and extend shelfhfe

• cool produce properly (avoId delays m coohng, aVOId chIlhng mJury, proVIde the proper RH

envrronment) to extend shelfhfe

• store produce on the farm to avoId sellmg durmg glut supply penods

• npen produce before marketmg to mcrease sales

• create dIsplays of ready-to-eat produce (washed fruIts, lIDXed salad greens)

• process produce to more stable forms to extend shelfhfe and mcrease marketmg optIOns

GENERAL DOs AND DON'Ts FOR RETAIL PRODUCE MARKETING

Meet customers to inquire about their produce needs (what they want to purchase,
how much and when)

Assess your marketing options to determine which Will be profitable (Worksheet 10)

Diversify your markets and reduce risks by uSing more than one marketing strategy
and seiling to more than one buyer

Provide only high quality products, consistent over the season

Create attractive displays and keep the produce section clean

Offer samples of new produce or processed products to prospective buyers
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GENERAL INFORMATION ON RETAIL MARKETING
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e-mail farm@aol com

Farmer's Market On-Ime :
helps farMerS and consumers 1'1

II

throughout the world meet on-line II~

and negotiate direct sales '~i
POBox 277 Shoshone '~I

4
Idaho 83352 ,

PromotIonal ActIvItIes

Dlfect marketmg requlles that you spend a good portIon ofyour tIme promotmg and selling your

ploduce and/or processed products One promotIOnal actIVIty that works for many types ofretaIl

endeavors IS to personally meet and gleet the people who will buy your produce For e'\.ample

you can ask your fresh apple buyel s how they mtend to use the produce and whether they would

lIke to purchase a processed verSIon of the fruIts such as dned apple slIces JellIes applesauce

cidel or apple butter Some marketers prepare newsletters to keep thelf customel s mformed of

up-commg avatIability ofplOduce (Mann Packmg Company, Inc m Sahnas, CA), whtle otheiS

have moved onto the Intemet to proVIde mformatlon on produce and market dlfectly to

consumers by matI (examples of mformattve websltes mclude www fuedas com and

www mehssas com)

PromotIOn of produce can be slIDphfied If you ask customers what they want to buy, then

consIstently proVIde lugh quahty products Ideally you will plant and grow exactly what your

buyers ask you to grow, then offer fresh produce and/or processed products when they need It

and m the amounts they reqUITe AdvertIsmg IS sometunes helpful to attract new customers, but

It IS easy to waste money on unprofitable ads Try to
r----------------

find out wluch medIa your potentIal customers read,

watch and/or hsten to, and find a profeSSIOnal to help

you deSIgn a successful advertIsement before you spend

any money on paId ads ProvIdmg educatIonal or

mformattonal tnatenals such as reCIpes can aSSIst you to

build a truuket for your products Some marketers add

value and promote therr products by proVIdmg a to11

free phone number for questIOns/problems
~ 1 I II tllll

hlsurance, Health and other RegulatiOns

Many dIrect retatI marketIng optIons reqUIre you to have some SOIt ofhablhty msurance to cover

possIble InJunes caused by the produce or processed products you sell and aCCIdents that mIght
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OCClll on your property LIabIlIty Insurance IS avadable to cover a Wlde range of problems, such

as If one of your employees dnve~ the forklIft llltO the parked cal of a customer, or one of your

customers slIps and breaks Ius leg willIe shoppmg Many drrect marketmg operatIons m the US

are corporatIons m the legal sense, III order to lnmt personal responsIbility for any clallll filed

agamst them In any case, you must try to make your property as safe as pOSSIble to htmt the

pOSSlbhhtles of accIdents Enc GIbson (1994) descnbes how to take 'every reasonable actIOn' to

remove hazards or warn people of potentIal hazards m IDS book entItled Sell What You Sow' He

recommends estabhshmg safe parkmg patterns m parkmg areas and good vIsibility for entnes and

eXIts smoothmg out any holes, ruts and mOilllds wIDch could cause a fall, makillg sure strong,

smooth handraus are m place on steps and ramps, postmg wammg SIgnS and guard raus on any

potentIally dangerous area (ponds, creeks, farm eqUIpment, barns, e~c ), ehmmatmg tnppmg

nazards such as empty crates m walkways, or ruts m pa(hs, and not allowmg customelS to chmb

trees or use ladders to pIck fiUIt ill Plck-Your-Own operatIOns Trammg employees ill safe

workmg practIces and followmg the HACCP program steps descnbed ill Chapters 10 and 15 will

ensure that you have adequate records to prOVIde eVIdence you have taken the appropnate steps

to plevent food safety problems should any case ever be filed agamst you

Make sure you follow any federal, state or local laws or regulatIOns affectmg drrect marketmg m

your area RegulatIOns may affect sIgnage, parkmg, msurance needs, zonmg and hcences for retail

sales sales taxes employee benefits, buIldmg pernnts, requrred restroom facilitIes or se\\er

systems as well as many other factors When drrect marketmg, contamers can often be reused If

kept clean, reducmg the costs of domg busmess Although many commodItIes are covered by

marketlllg ordels and COmmISSIOnS m CahfOffiIa, some crops are allowed a drrect marketmg

e"\.emptlOn In certalll Cllcumstances (contact the CDFA Marketillg Branch at 916-445-5141)

TIlere are howe\ er certaIn govemment health regulatIOlls that must be followed

1) All plOduce must be stored at least 18 mches off the floor Food stored In a walk-m

refugeIatlOn Ulllt must be at least 5 Inches off the floor

2) Food preparatIon IS prohIbIted (packagmg, plocessmg, assembhng, portIOlllng or any

operatIOn whIch changes the form, flavor or consistency of the food) unless you have a food

proceSSIng hcence Tnmmmg ofouter leaves, stems, stalks, tops and roots IS penmtted

PART III SMALL-SCALE MARKETING STRATEGIES



CHAPTER 19 DIRECT RETAIL PRODUCE MARKETING Page 195

almonds

apples

apncots
artlc'loke

asparagus

avocado

carrot

cherry

figs

grapes

olives
peppers I

pistachio,
I

potatoes :Ii

prunes I:
raisins 'II

strawberry I;,

tomatoes I

Marketing Orders In

California that may
affect direct marketers

(as of 1997)

AltlUIl.l llnllll'lll.w.uullJIUlIlUlIlt.tll(lWlflllItIIU1;!lLI' II IHtllllL.QllL,1 I\I-rl"" tJllll~;:

The number of farmer's markets m the US IS mcreasmg,

and open arr marketmg IS generally the most common

form of marketmg m developmg countnes The best

locatIOns are usually near urban centers Farmers' markets

ale known to offer consumers a WIde selectIon of locally

grown fresh produce, as well as a chance to talk WIth the

growers and ask questIOns about the plOduce they buy

As WIth other forms of drrect marketmg, the vendor must

be WIl1mg to mteract WIth customers, or be ready to hrre

someone who IS suIted to tills type of work Most farmers' markets advertIse market days and

some proVIde other related actlVltles to attract shoppers, such as prepared foods, baked goods or

hve mUSIC

FARMERS'MARKETS

In Cahfoffila marketmg orders and commISSIOns have

been set up to aId marketmg of specIfic hortIcultural

commodItIes and estabhsh standards for grades by SIZe

or/and matunty Although affected b) COmmISSIOnS most

stone fruIts and melons CItruS pears dates kIWIfruIt and

walnuts are exempt from If dIrect marketed If you plan

to produce and sell large volumes of regulated produce,

contact the CDFA Marketmg Branch for the manager of

the appropnate commISSIon at (916) 445-5 141

If you are mterested m selling at an eXlstmg farmer's market, start WIth a VISIt to the market

yourself as a shopper Look at the whole market though the eyes of a customer, and evaluate It

for the homs ofoperatIon, parkmg, pnces, selectIOll, cleanlmess, etc Talk to the market manager

about fees, rules, taxes or commISSIons, msurance reqmrements and what types of promotIOnal

actIVItIes are done to advertIse the market
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The most popular produce

tomatoes

peppers

omons

cucumbers

beans

lettuce

carrots

sweet corn

radishes

cabbage

peas

The most profitable

tomatoes

peas

carrots

Less profit3b~e

sweet corn

omons

potatoes

Source Punjab Mandl Board

There are now an
estimated 35,000
farmers taking part
In Punjab's
Apni Mandis
(1997-98)

Smce most produce hatvests are seasonal, sales will tend to peak and dechne, leavmg the vendor

alternately buned ill produce or WIthout a source ofmcome for extended penods SometImes It IS

posSIble to extend the marketmg penod by producmg several drlferent vanetles of major crops

Some growers m Cahforma supplement therr frmt and The stated objectives of the

vegetable sales WIth fresh and potted herbs, contamer Apm Mandl Scheme m Punjab

plants, and even nursery stock and Chnstmas trees 1) Better marketing of agncultural
produce especially fruits and vegetables
2) to diversIfy agncultural production and
Improve the profitability of these crops for
the producers
3) to ensure the availability of farm fresh
produce at reasonable rates and dISCipline
margins of profit In the market
4) to remove social Inhibition among the
farmers for retail sale of their produce
themselves
5) to ensure direct contact between the
producer and the consumer
6) to help self employment of producers
and thus help In rural development and
economic growth
7) to promote national integration by
inviting the farmers of other States to sell
the produce groVY11 by them at their fields
direct to consumers In APNI MANDIS n
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POST PRODUCE PRICES
Some shoppers are too
hurned or too shy to ask
you for the pnce

I ~ I -L ~

Provide shade

Attractively display produce

Keep the stand or shop clean

Provide good lighting

ROADSIDE STANDS and

FARM SHOPS

The pnmary consIderatIon for a produce

stand or shop IS location RoadsIde

stands and farm shops requrre a locatIon

that IS appeahng, near a major CIty or '-- ..,.--_--::::-.,..""...__.,....,.-.__~-:-:--:------I

popular road, wIth good SIgnage and a

place-to park for consumers who have to come out oftherr way to buy In the US, the general

rule IS that nearly all your customers will hve WIthIn 18 km (30 nnles) ofyour fan:n, and most will

come from Wlthm 12 km (20 rmles) Other roadSIde stands located nearby could eIther be

competItIOn or complementary, dependIng on therr selectIOn and pnces

•
ROADSIDE STAND dIsplay produce m the shade proVIded by awrungs
tables or canopIes proVIdes space mSlde for short term storage and a chaIr
and desk for worker comfort ,----------------,.

FRESH PRODlIQE
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TIlese shops Lall be the most profitable of all marketmg optIOns If you have a good locatIOn

Profits are 11Ighel SI11ce the costs of packmg and trdnsport are greatly Ieduced and market pne-es

can be set relatIvely hIgh TIle better the qualItv and the fresher your plOduce (fresh picked) and

frUIts (ready-to-eat) the hIgher your sales wIll be Sales can be dIfficult to predIct on a daIly basIs

and losses can be hIgh Iftoo much produce IS halVested at once Gibson (1994) recommends that

you start out small and see what kllld of tl affic you get One optIOn IS to have a worker standmg

by to go out and halVest produce as It IS needed to fill dIsplays Another possIbIlIty IS to offer farm

tours or hold an annual farm festIVal to attract buyers when you have a seasonal glut

PICK-YOUR-OWN

LocatIOn IS the most llllportant factor III whether It

IS possIble to develop a profitable pIck-your-own

operatIOn Some vanations on thIs theme lllclude

LETTUCE and
SALAD GREENS

"rent-a-tree", "rent-a-row", "rent-a-garden" or "U-

pIck" operatIOns Slllce customers harvest the

produce themselves, the field or orchard must near

an urban center, easIly accessIble by major road or

located along a tounst route You can offer lower

pnces smce so many of your costs are lower (no

harvest labor to payor packInghouse operatIOns to

fUll, mmllllal packagmg and coolmg, no transport

or storage) There are some new costs, smmar to

those of other duect marketlllg operatIons

(msurance, promotIOnal actIvItIes developmg

pal kmg areas and provIdmg han est supervlsor~

and sales persollnel to \\ ork \\lth customer,,)

GREEN
BEANS

PEAS
•

TIle crops especIally profitable for Ptck-YOur-O\\ll operatIons are those that IeqUIre a lot oflabOl

for harvestmg, packmghouse operatIOns and packagmg for wholesale or retail sale E\.ample~

mclude peas, green beans okra and bemes Other crops well sUIted to these operations are those

thdt taste better harvested full npe (when It IS very dIfficult to handle them WIthout causmg

mechamcal damage) Example~ mclude strawbernes raspbernes bluebernes peaches and
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okra

peas

asparagus

herbs

apncots You can extend the harvest season by producmg several vaneties of the commodItIes

you produce and market

Commodities well sUited for

PICK-YOUR-OWN operations

tree frUits

bernes

green beans

tomatoes

sweet corn

The "shoppers" who are harvestmg your carefully culttvated crops wtll need close supefVlslon to

protect themselves, your plants or trees and your property from damage You can prOVIde

UnobtrusIve supefVlslon and reduce losses by

• plantmg easy to pIck vanettes ofcrops ('Novella' peas, 'E-Z PIck' or 'Purple teepee' beans)

• proVIdmg a qUIck trammg seSSIon upon arnval of customer groups (show them how to pIck)

offenng to carry filled contamers to a check-out area (label them WIth the customer's name

and keep them m a cooler IfpossIble)

• assIgnmg people to a specIfic row or tree

• proVIdmg transport to the field or orchard (a wagon or motonzed cart WIth a dnver)

• keep a few pre-packed contamers of hIgh quahty produce III the cold room for those

customers who don't want to do the harvestmg themselves
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PlacerGROWN Farm Trails
puts out an annual "Harvest
Calendar and Local Buymg
GUide" and provides free
maps and mformatlon on
farms and roadSide stands m
Placer County, CA

MARKETING COOPERATIVES (CO-OPS)

CooperatIves, or user-owned and controlled busmesses, can proVIde many benefits to small-scale

producers By workmg WIth other produce growers, many of your marketmg costs can be

reduced Co-ops make It possIble to share expenses for packmghouse operatIOns (such as

gradmg or packIng), transportatIOn, packagmg matenals, storage faclhtIes, proces&mg eqrupment,

advertIsmg (brands and promotIOnal actIVItIes) and other mputs that contnbute to the marketmg

of a quahty product

When marketmg cooperatIVes combme the produce of therr grower-members, each small-scale

producer gams an Opportl1llIty to sell to lucratIVe large domestIc and foreIgn markets that were

out oftherr reach IncentIVes for fonmng co-ops tend to be Ingher for perenmal crops than for

annuals, smce growers have a long-term mvestment m tree crops SpecIalty commodItIes can

benefit from mutual marketmg efforts as for members of the CooperatIVe of CertI:fied Orgamc

Growers SImIlarly mcentIves are hIgher for growers of processed commodItIes than for fresh,

smce a large mvestment m a processmg facility IS usually Iequrred

Cooperative of Certified Orgamc Growers

5115 5th Street

Rainbow, CA 92028

I Examples of successful marketmg co-ops abound
I,

t:f Many of Cahforma's CertI:fied Farmers Markets are

III cooperatIves Apple Hill Farmers ba&ed m Cammo
III
I draws urban consumers from the Bay Area and

Sacramento to shop at Its member farms m the footl1111s

of the SIerras III EI Dorado COWlty A map of the co

op's membel s hstmg the produce each offers for sale,

, and a shuttle bus seTVlce combme to help buyers find the
,
vanetles of apples, pears and other produce they want

L-....:"'";;;:-;~,~:::;....~------:-----_-...J~
to sample

PART III SMALL-SCALE MARKETING STRATEGIES



CHAPTER 19 DIRECT RETAIL PRODUCE MARKETING P1ge 19 II

•

On the grander "cale, Sun-DIamond Growers ofCahfonua acts as a marketmg agency for Its hVL

member cooperatIves (DIamond Walnut Growel" Inc Sun-Matd Gro\\CI';; of Cahfon1l3

Suns\\eet GlOwers Inc Valley FIg Growers and Hazelnut Growers of Oregon) Dldmond

Walnut Growers Inc has 2300 members and handles 47° 0 of Cahfonlla's walnut tonnage 111 Its

Stockton plOcessll1g faclhty Sun-MaId Glower.;; ofCahfonlla (Kmgsburg) run~ the large"t ralsm

plOl-e~~mg plant 111 the woIid and currently handles almost 30°-0 of Cahfol11la\; rc11~ms. for theIr

1600 membel s

If there I~ no cooperatIve 111 YOUl local area that fits your needs It IS always po~slble to fonn one

lliere must be suffiCient lugh quahty produce grown by farmers m the area and e"lJected benefits

must JustIfY the mvestment requued For detaIled mformatlOn and assistance \\lth estabhshmg a

marketmg co-op statl WIth the Urnverslty of Caltfornla Center for Cooperatives

UC Center for Cooperatives

One Shields Avenue, UC DaVIS, DaVIS CA 95616

(530) 7522408

COSTS AND BENEFITS OF DIRECT RETAlL MARKETING OPTIONS

Co~ts

PreparatlOll for market

FacIlities (shop, farm stand or market booth)

UtilIties

Cold storage (eqUIpment and powel)

TranspOit (vehIcles fuel)

PlomotIOn (SignS, advertIsements etc)

LabOi (sales customer service)

Insul ance (habillty)

LIcences pel mlts
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Benefits

No blOker fees

HIgher market pnces (retaIl pnce)

ImmedIate payment (cash)

Lower costs for packmg (pIck-your-owns) and/or transport (fann stands)

PotentIal for matchmg market requrrements (lower losses)

Shared costs (marketmg cooperatIVes)

WORKSHEET 10 RETAIL DIRECT MARKETING OPTIONS

P'lge 19 12

Make copIes of tIns blank worksheet and use one for each commodIty you are marketmg Ifyou
do not know the actual market pnces of the produce you \\JJ be marketmg, work backwards to
calculate your costs, then detennme the mnnmum market pnces you need to make the profits you
desIre

CommodIty (vanetIes) _

1 Do some market Iesearch What types ofretaIl markets are avaIlable to you?

____ On-fann shop
RoadsIde stand----

____ Pick-your -own
Fanner's market----

____ Commumty Supported Agnculture
____ Marketmg CooperatIVe

Other----

Gather mfonnatlOn on potentIal local produce customel s

Customers What do they want to buy? How much? When?
(commodIty, vanetIes)
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Lstll1late the \ olume of produce or proces~ed produ(,..t you e'pl.(,..t to hd\ l. to "L11 tIll" "ed"on
(Refer to Worksheets 1 and 2 and/or Worksheets 5 and 6)

CommodIty (vanety)
01 Product

Volume Market wmdow (\\hen)
(lbs or Wl1tS)

Fmd out what your competItors are chargmg local buyers for theIr s1l1ular plOduLe or pro(,..et>t>ed
products Can you offer plOduce at a dIfferent tIme or lower pnce'J

CompetItIon
CommodIty (vanety) or Product Market wllldow Sellmg pnces

2 Compare the Costs assocIated WIth Marketmg OptIOns

What are the specIfic handhng and marketmg costs for each

type of wholesale marketmg you WIll use? (For the first tOpiCS

on the hst, complete Worksheets 2 and/or 5 and calculate the

subtotals under each tOpIC headmg) Major dlffelences wlll

come from the dIstance to vanous markets specmc market

leqUlrements for quahty/grade, what the costs ofmarketmg are

(rental space, booth fees or comnllsslOns) whether you must

proVIde transportatIOn, which postharvest steps you undel1ake,

and whether you share any of the costs Make all compansons

on a pel lb or per Ulllt basIs (divide the costs by the amount you

have to sell)
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Wnte the names or locatIOns ofthe types ofreta:tl markets you WIsh to IllvestIgate on the top
row then enter the assocIated costs for each

Market Type

Pre-harvest

Harvest

PackInghouse

Temperatme
management

StOlage

TransportatlOll

DestmatlOL.
handhng

Processmg

Food safety

Marketmg fees

COmmISSIOnS

Sales labor

DIsplay

Reta:tl outlet
facilitIes

Recordleepmg

PromotIOn

Insurance

Overhead

Other

Total cost/lb 01

cost/wut
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3 Profitabhhty
Compare the costs/lb or costs/umt to the expected market pnces to determme which retaIl
marketmg strategtes have the potential to proVide the most profits AVOId any markets or buyers
that will not proVide a good return on Investment

Market Type Cost/lb or /umt LocatlOufbuyer Expected pnce PrIce -
Total Cost
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ALTERNATIVE
MARKETING STRATEGIES

COMMUNITY SUPPORTED AGRICULTURE

In recent years the COilllllumty Supported Agnculture movement, ongmatmg m Europe m the

1980's, has amved m the US, and IS spreadIng rapIdly as local consumers decIde to take a more

active mtel est m the productIOn and handlmg of the food they eat Accordmg to Groh and

McFadden (1997) the first CSAs were started m Amenca m 1986, and ill 1997 there were about

1000 farms mvolved With nearly 100,000 households

In the classIc case, a CSA farm sells shares ill Its farm produce to consumers, based upon the actual

cost ofproductIOn Throughout the growmg season, shareholders then recewe a weekly allotment

of mIXed fresh produce (the volume IS based on the number of shares purchased and the total

amount harvested) Shareholders eIther pIck therr produce up at the farm or have It dehvered to

a central locatIOn m therr neIghborhood The CSA orgamzatIOn IS compnsed offarmers (who are

responsIble for groWing the produce), a steenng comnnttee (active m plannmg and managmg dally

OpeIatlOns) and shareholders (who agree to pay up flont to support the farm by purchasmg

shat es) For example, 100 shares mIght be sold, each pnced at I% of the prOjected cost of

productIOn, harvest and dIstnbution Included m the costs are a baSIC salary and benefits for the

farmeis who produce the crops, and a budget for those who work together to sell shares, plan

productIOn to meet the needs of shareholders, and manage farm actiVItIes (harvest, washIng,
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packmg, delIvery, etc) People who partIcIpate meSA tend to be nsk-takers who proVIde the

capItal for productIOn, and may also proVIde labor dunng productIOn and postharvest handlmg

Benefits of CSA.

• grower receIves payment for produce dunng productIOn

• very low postharvest losses, dehver exactly what you harvest and pack

• less tIme and money spent on handlmg and marketmg

• shared nsk of financIal failure

customer gets fresh, Just-pIcked produce

"Get some local folks together, find out

what they want you to grow and In what \1

volume, figure out how much It Will cost

you to grow and dlstnbute (including your

time) DIVide the costs by the number of

shareholders you have recruited to

determine the cost per share"

Source Lee, 1993
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Example ofa CSA marketmg brochure

COMMUNllY SUPPORTED AGRICULTURE

Valley Farms of the Highlands

Page 20 3

Throughout the han-est season from A.pril to October, your weekly share of

vegetables and fruits will be the freshest and best quality we can provide The

actual variety and amount of each in your share will depend on the weather and

our success In avoiding production problems Heres a example of one weeks

share durmg two different months from last year

June

2 heads of lettuce

2 dozen radishes

2 Ibs spmach

1 head chmese cabbage

2 Ibs mixed greens

1 bunch green oDions

1 Ib tomatoes Irom our greenhouse

1 Ib snap peas

1 Ib shelhng peas

1 Ib green beans

2 quarts strawberries

September

2 heads lettuce

4 Ibs mixed greens

1 bunch 01 celery

2 Ibs broccoli

2 Ibs eggplant

5 Ibs tomatoes

2 Ibs zucchml

4 Ibs winter squash

2 Ibs beets

5 Ibs potatoes

1 Ib oDions
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MEMBERSI-UP FARMS AND SUBSCRIPTION AGRICULTURE

Page 20 4

In Cahfonua, CSA has taken a shghtly different path, and IS more or less lllcorporated llltO the

many marketlllg optIOns bemg used by small-scale growers Rathel than depend upon local

consumers to proVide the entire budget of the fann up front, subcnptlons for a set amount of

produce or memberslups are sold to mdlVlduals at the start ofeach season TIns IS referred to III

some places as subscnptlon farmmg or subscnptlOn agnculture, and III others as membershIp

farnllng

These altematlVes are surular to CSA, m that they allow consumers to Sign up for produce to be

dehvered for a set pnce throughout the haIVestmg season The pnce of a subscnptlon IS not

neccesanly tied exactly to the cost ofproductIOn, and subscnbers are not locked m for the entrre

growmg season Subscnbers hke these marketmg arrangements because of the convemence, the

Wlde vanety offrmts and vegetables proVIded forces them to be more creatIve when cookmg, and

because they seem to enJoy the Idea ofknowmg who grows therr food

Some vanatlOns practiced by CSA and memberslup farms to mcrease sales and profits mc1ude

• proVldmg home dehvenes ofproduce to members for an addItIOnal fee

• supplemelltmg produce Wlth addrtlOnalltems purchased from another grower or wholesaler

(tropICal fruItS out-of-season produce)

• addIng processed products (purchased dned fruItS, speCIalty canned or bottled products)
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DO'S AND DON'TS FOR HIGH QUALITY PRODUCE
VIA CSA OR SUBSCRIPTION FARMING

Page 20 5

Plan ahead, with your shareholders or subscribers, to determine which
crops to plant In what quantity

Consider setting up Plck-Your-Own operations for commodities reqUiring
a lot of labor to harvest (for example raspberrres, strawberrres, peas
green beans)

Provide training when shareholders or members offers to take on farm
labors, harvesting or postharvest handling tasks Emphasize harvesting
at proper maturity for desired use, gentle handling throughout and
cooling as soon as possible after harvest

Don't worry about uniformity In size or shape, but sort produce to ensure
high quality (remove Immature, over-mature, diseased or badly
damaged produce before cooling and packing)

Use appropriate cleaning, packing and cooling practices for the
commodities handled (see Chapters 4 through 6) to Increase shelf life
and protect nutritional value and food safety

Store produce at recommended temperatures and relative humidity to
aVOId chilling inJury, water loss and protect produce quality (see Chapter
7)

AVOid mixing ethylene senSitive produce (vegetables, leafy greens) With
those that give off ethylene (ripe fruit) dUring packing, storage and
transport
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RESOURCES PERIODICALS, BOOKS AND ASSOCIATIONS
Many references and mformatlon sources are avaIlable for those l11terested 1111mplementmg CSA
or subscnptlon fannmg approaches

Commumty Alliance WIth Fanuly Farmers
POBox 363, DaVIS, Cahfoffila 95617
(530) 756 8518

annual dIrectory of dIrect marketers

Small Farm Center Small Farm News
One Shtelds Ave, UCDaVls, DaVIS, Cahfoffila 95616

Growmg for Market
POBox 3747, Lawrence, Kansas 66046

magazme for small-scale farmers
(913) 841-2559

The CSA Food Book handbook proVldmg crop descnptIons,
ElIzabeth Henderson recIpes, storage tips
Rose Valley Farm, POBox 149, Rose Valley, New York 14542

CSA Handbook
Cooperative ExtenSIOn
11477 E Avenue, Auburn, Cahfoffila 95603

CSA of North Amenca
IndIan Lme Farm
57 Jugend Road, Great Barnngton
Massachussetts 012-30, (413) 528-4374

REFERENCES

worksheets legal Issues
postharvest handhng

(530) 889-7385

not-for-profit educatIOnal network,
mformatlOn and techrucal assIstance

Ableman M 1993 From the Good Earth A CelebratIOn ofGrowmg Food Around the World New
York Harry N Abrams

C <\FF 1995 Californw Farm Fresh Directory DaVIS CA CAFF (undated annually)

Gibson E 1994 Sell What You Sow' The Grower's Gll1de to Sucessful Produce Marketmg
CarmIchael CA New World Pubhsh ng

Groh T and McFadden S 1997 Farms of T0111011 ow Rev1S1ted Community Supported Farms--Farm
SUPP01 ted C01l1mumtles Kllllberton PA BiodynamIC Famlmg and Garderung ASSOCIatIOn

Lee A W 1993 Backyard Market Gardenmg the Entrepreneurs' GUlde to Sellmg what )Oll Groll
Burlmgton, VT Good Earth PublIcations

Stemer R 1993 Agncultwe Kimberton PA BIOdynamIC Farmmg and Garderung As"oclatIOn
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COMMODITYSYSTE~
ASSESSMENT METHODOLOGY

The pnmary source for matenals found In this appendix IS the manual
LaGra J 1990 A Commodity System Assessment Methodology for
Problem and Project Identification Moscow, Idaho Postharvest
Institute for Perishables III

L-.....,_"""..-----::--~~---------~------------.,-:--,.",,-I111I1 IU

The followmg mfonnatIOn WIll help you look at your operatIon WithIn the conte,,-'! of your local,

regIOnal or natIOnal commodIty system to determme whether any of the practIces you are now

usmg to produce, handle or market your hortIcultural crops are the cause or source ofpostharvest

losses, quahty problems or loss ofeconOmIC value or llutntIOnal quahty

Step 1 Assessmg Postharvest Losses III Your Operation --CSAM

A po<;;t;harvest lo,>s a~sessment method known as CommodIty Systems Assessment Methodology

(CSAM) was ongmally developed by Jerry LaGra (1990), and modIfied dunng Its ImplementatIOn

ovel the course ofmany yeaI s The commodIty system IS made up of27 components that together

account for all the steps assocIated With the pioductIOn, postharvest handhng and lllaiketmg of

any gIVen commodity Ideally teams of 4 or 5 people work together while mvesttgatmg a

commodity system For example, a horticultural producer and a trader mIght be teamed up With

a market1l1g speCialIst and an extenSIOn agent Ifyou would lIk.e to conduct a slluphfied survey

oflosses for your operation usmg CSAM, you can form a "team" made up ofyourself and at least

one otheI person, preferably someone With skIlls m areas of hortIculture complementary to your

own
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CSAM Sample Questions

The follow11lg IS a hst of system components and sample questions for mvestlgatmg the

commodIty system Wltlnn your operatIOn Begm by consldenng these questIons m relatIOn to

one commodIty ofmterest, and feel free to add any other questIOns about mformatIOn you feel IS

pertment to your own sItuatIon Some ofthe questIOns can be answered dIrectly by you or yom

managers, extenSIon personnel or others woo ale hnowleagable about the commodIty Often,

mformatlon can be found m the prmted hterature m agncultural ltbranes, Journals or trade

magazmes Many questIOns, however, requrre the team to VISIt, observe and ask questIOns of

those who harvest, handle and market the product Do not assume that you know what IS

actually happenmg untll you observe the sItuatIOn-- for example, workers can rmsundel ~tand

mstructIOns and rmshandle produce, or unantICIpated delays durmg shIppmg can cause

temperature management problems

CSAM can assIst a loss assessment team to deterrmne I) the sources ofpostharvest losses (who

wlthm the marketmg cham IS responsIble) 2) the causes of those losses (what handlmg 01

marketmg practIces are responsIble) and 3) the econormc value of the losses compared to the

costs of current and proposed postharvest pIactIces Many tImes weIght loss VIa water loss

(WIltmg, shnvehng, loss ofvolume) will be drrectly related to loss ofmcome and qualtty changes

(over-npeness, broWJllllg, decay) will also be deterrmned to reduce profits when produce must

be culled dunng handhng These losses must be assessed 1ll terms of the costs assocIated WIth

adoptmg new postharvest practIces Fill out the worksheet at the end of AppendIX A after

IeVlewmg the chapters of the book Ielated to the postharvest losses and quahty problem~ ) ou

have uncovered m your assessment Once you ha\ e collected tIns kmd of mformatlOll the

handlers responsIble for losses can be targeted WIth appropnate mformatlon on the most cost

effectIve nnproved postharvest technologIes
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CSAM Components 1 - 7 Pre-Production
These components help you to put the commodity mto perspective 'Mthln the horticultural
market and gam some understandmg of how much competition you may face whether
there are any political economic or environmental constraints or mcentlves and If there IS
any technical or marketmg assistance available

1- Importance of the crop What IS the relative Importance of the crop (number of
producers amount produced area of production (local regional natIOnal) economic
value)? What crops compete 'Mth thiS one for shelf space?

2- Governmental poliCIes Are there any lalNS regulations mcentlves or diSinCentives
related to prodUCing or marketing the croP? (example eXlstmg pnce supports or controls)

3- Relevant mstltutlOns Are there any organizations Involved In projects related to
production or marketing the croP? What are the goals of the projects? How many people
are participating?

4- Facilltatmg servIces What services are available to producers and marketers (for
example credit mputs technical adVice extension services Subsldles)?

5- Producer/shIpper organizations Are there any producer or marketer organizations
mvolved 'Mth the croP? What benefits or services do they proVide to partiCipants? At
what cost?

...
6- EnVIronmental condItIOns Does the local climate SOils or other factors limit the
quality of production?

7- AvaIlabIlity of plantmg matenals Are seeds or planting matenals of adequate quality?
Can adequate supplies be obtained when needed?

CSAM Components 8 - 11 ProductIon
Many of the chOices you make dunng production 'Mil later affect postharvest quality food
safety produce losses and economic value The first step In Identifying pOSSible
Improvements IS to determine 'JVhether any of these production components are
contnbutmg to postharvest problems As yOU collect Information on each component
compare current practices to known recommendatIOns for prodUCing the commodity
CalCUlating production costs at thiS pOlOt 'Mil help you to make useful compansons
between current practices and any new practice that you may be Interested In adopting

8- Farmers' general cultural practices What IS the average area planted? Do any
farming practices have an effect on produce quality (Jplantlng denSity planting pattern
Irngatlon weed control fertilization practices field sanitatIOn)? What are the grower's
sources of labor?

9- Pests and diseases Are there any Insects fungi bactena weeds or other pests that
affect the quality of produce?

10- Preharvest treatments What kinds of phySical or chemical preharvest treatments
might affect postharvest quality (such as use of pestiCides pruning practices thmnlng)?

11- Production costs Estimate the total cost of production (Inputs labor rent etc)
What are the costs of any proposed alternative methods?

POSTHARVEST TECHNOLOGY FOR SMALL-SCALE PRODUCE MARKETERS
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CSAM Components 12 - 21 Postharvest
PosthalVest handling practices WIll have an enormous Impact on produce quality losses
and safety Postharvest handling maintains the quality of produce but cannot Improve It
Understanding each step of the posthalVest chain WIll enable you to determine whether any
of your current practices are causing problems Sometimes It IS possible to measure
losses at each step and determine whether making a Simple change can have a major
Impact

12- Harvest When and how IS produce halVested? by whom? at vvhat time of day? Why?
What sort of tools and containers are used? How do harvesters determine the proper
matunty for harvest? How should harvest matunty be determined?

13- Grading and inspectIon How IS produce sorted? by whom? Does value (pnce)
change as quality/size grades change? Do local regional or national standards (voluntary
or mandatory) eXist for Inspection? What happens to culled produce?

14-Postharvest treatments What kinds of postharvest treatments are used? (Descnbe
any cunng practIces cleaning tnmmlng Vv'axes chemical treatments hot water dips etc)

15- Packagmg How IS produced packed for tran~portand stOrage? What Kind or
packages are used? Are packages reused or recycled?

16- Cooling When and how IS produce cooled? To vvhat temperature? USing vvhlch
method(s)? How do current practices compare to recommendations for the commodity?

17- Storage Where and for how long IS produce stored? In what type of storage faCIlity?
Under what conditions (packaging temperature RH phySical setting hygiene
inspections etc)? How do these compare to recommendations for optimum storage life?

18- Transport How and for what distance is produce transported? In what type of
vehIcle? How many tImes IS produce transported? How IS produce loaded and unloaded?
What are the conditions of the roads?

19- Delays/ waiting Are there any delays dunng handling? How long and under what
conditions (temperature RH phySical setting) does produce Vv'alt between steps? Who IS
responlslble for delays and who suffers finanCially?

20- Other handling What other types of handling does the produce undergo? Is there
suffiCient labor available? Is the labor force well trained for proper handling from halVest
through transport? Would alternative handling methods reduce losses? Would these
methods reqUire new workers or displace current workers?

21- Agro-processmg How IS produce processed (methods processing steps) and to what
kinds of products? How much value IS added? Are suffiCIent faCilities eqUipment fuel
packaging matenals and labor available for processing?

CSAM Components 22 - 27 Marketmg
Marketing IS not Simply the last step of handling fresh produce but must be part of the
overall plan to proVide produce that best meets the needs of the consumer Consumer
preferences playa large role In determining the economic value of the produce you sell

POSTHARVEST TECHNOLOGY FOR SMALL-SCALE PRODUCE MARKETERS
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22- Market mtermedlaraes If you do not handle the commodity yourself who are the
handlers of the crop between producers and consumers? How long do they have control
of produce and how do they handle It? Who IS responsible for losses /who suffers
financially?

23- Market mformatlon Do you have access to current pnces and volumes In order to
plan your marketing strategies? Who does the recordkeeplng? Is information accurate
reliable timely useful to you as a decIsion maker?

24- Consumer demand and preferences Do consumers have specific preferences for
produce sizes flavors colors matuntles quality grades packages types package sizes or
other charactenstlcs? Will they pay more for the charactenstlc~ they desire? Is there any
sign of unmet demand and/or over-supply? How do consumers react to the use of
postharvest treatments (pesticides Irradiation coatings etc) or certain packaging
methods (plastic styrofoam recyclables)?

25- Exports Do you produce this commodity for export? What are the specifIC
requirements for export (regulations of Importing country \AIIth respect to grades
packaging pest control----ete )?

26- Marketmg costs EstImate the total marketing costs for the crop (Inputs and labor for
harvest packaging grading transport storage processing marketing etc) What are the
costs for any alternative methods proposed? Do you have access to credit? Are prevaIling
market Interest rates at a leI" el that allows you to repay the loan and stili make a profit?

27- Supportmg mfrastruture Is supporting Infrastructure adequate (roads marketing
facIlities management skills of staff communication systems such as telephone FAX e
mail services)?

Step 2 RevIew and Evaluate Recommended Practices

You may notIce that many of the questIOns posed dunng a commochty system

assessment are dll ectly related to the common practIces that lead to lugh produce

losses, quahty and food safety problems and loss ofvalue Others relate to the market

value of the produce, and may depend upon the season of productIon, packagmg

matenals or consumer demand By comparmg the facts you have gathered usmg

CSAM With the Iecommended practIces and small-scale technologIes for postharvest

handhng and market1l1e of the commodity whIch are presented III tlus book, you can

make benefiCIal changes to reduce fresh produce losses, mamtalll quahty and

nutntIOnal value and ensure food safety If you uncover problems With no known

techmcal solutIon you can pass tIns lllformatlon on to the Ulllversity researchers and

postharvest e",1:enslOll speCIalIsts III your state 01 regIOn
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On the followmg 4 pages <II e e\.ample questlOonalfes hom L lGI.l J 1990
A CommodllV Sy ..tem A ..se..sment Methodology for Problem and Project
IdentificatIOn Moscow, Idaho Postharvest Instltutc for PCllshablc",
You should develop sUltable questIOnnaIres for each (.,omponent when you do
your own CommodIty Systems Assessment

COMPONENT 12 Crop Harvest

NA~E OF DATA COLLECTOR TEL _

TITLE INSTITUTION _

Who harvests the crop? _

2 Descnbe In detail the harvest operation _

3 Why is the crop harvested In this particular manner? _

4 When Is the harvest undert.aken? TIme of day _

5 Under what conditions? Temperaturee..- RelatIVe humldlty _

6 Does the present method of harvest appearto affect quantity of produce available for
market( ), quality of produce available for market( ) value of produce available for
market( )? Explaln _

7 Does the volume of produce unsuitable for market appear to be hlgh() medlum()
low( )? Descnbe the causes e g SIZe of product, weather damage pest damage
disease damage, lack of soil nutnents sun damage, harvest damage others, _

8 Estimate percentage of crop suitable for market %

9 Identify and descnbe the harvesting tools _

10 Is all of the crop harvested at one time? yes( ) no( ) If no why not and how IS

selection made for that part which IS harvested? _

11 IdentIfy harvest seasons for each cultrvar or variety of crop (If more than one)

Curtrvar Months of harvest No months In crop cycle

POSTHARVEST TECHNOLOGY FOR SMALL SCALE PRODUCE MARKETERS
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12 Which If any cultNar produces off season? _

13 Optimum harvesting parameters
Moisture content. _
COlor/appearance, _
Tenderness/texture, _

14 Matunty Index known yes() no() If yes descnbe _

15 What criteria are used by the pickers In selectlng the product for harvest?

16 For the principal cultlvar(s)
What Is a good yield per hectare under good growing conditions? tons
What IS a good yield per hectare under average condltions?__tons

17 SenSitIVity to mechanical damage dunng harvest hlgh( ), medlum() low()

18 SensltNIty to dehydration hlgh() medium() low()

19 Summanze the problems occunng at harvest which may affect the processing
postharvest handling, or marketing of the prodUct
1
2
3
4
5

20 ObservatIons

POSTHARVEST TECHNOLOGY FOP SMALL SCALE PRODUCE MARKETERS
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SOlllce L lGr<l J 1990 A CO/1l/1lO(btv !'Y'Item AS'IeHment Methodology lor Problem
and Project IdentificatIOn Moscow, Id<lho Postlldrvco;t Imt.tute fOl Perishables

COMPONENT 24 Consumer Demand

NAME OF DATA COUECTOR TEL _

TITLE INSTITUTION _

1 What percent oftotal national production ofthls product Is sold on the domestic market?
____% export market? %

2 What percent of the production in the geographical area under study goes to the
domestic market? % export market %

3 Which consumers purchase the product In domestic and export markets
Domestic Export
market market

-low income consumers % %
-medium income consumers % %
-hIgh Income consumer % %

To18I(%) 100 100

4 Indicate ethniC group consumption of this product
DomestIC Export

Ethnic group market market
% %
% %
% %

Total(%) 100 100

5 For each Important consumer group identified above provide the follOWing information
for the applicable questIons

a Preferred cultlVar?

b Preferred size?

c Preferred color?

d DeSIred flavor?

e DeSired texture?

Preferred degree of matunty?

POSTHARVEST TECHNOLOGY FOR SMALL-SCALE PRODUCE MARKETERS
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g Preferred type of package? _

h Desired number of units/products oer package? _

Consumer Willingness to accept pest or disease blemishes?
Will accept() will not accept( )

Which of the follOWing Is most Important to this consumer group quallty( ) or
prlce( )?

k How sensitIVe IS this consumer group to fluctuations In product prices?
( ) very sensitIVe (small price Increase decreases comsumer purchases)
( ) moderately sensItIVe
( ) slightly sensItIVe
( ) not very senSitIVe (large price Increase won t decrease amount purchased)

Desired product characteristics for religiOUS cultural, and medicinal uses
religiOUS _
cultural _
medicinal uses _
other _

6 Summarize the characteristics of consumer demand which are most likely to affect the
marketability of the product In question
1
2
3
4
5

7 Observations
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Feasibility of reducmg postharvest losses due to pre-harvest factors and
postharvest handlmg practices causmg problems m both techmcal and
economic tel ms

Reducible m
Technological EconomIc
ternlS? terms?

PHT STEPS Source of postharvest loss or qualtty problem yes no yes no

land prep

seeds/plantlng
matenals

ferhhzatlon

Irngahon ,
pests/dIseases

prumng/
t1unmng

harvest

sortmg/
gradmg

postharvest
treatments

packmg/
packagmg

delays

cooltng/
RH mgmt

loadmg/
unloadmg

transport

storage

loadtng/
unioadlllg

transport

delays

wholesale

loadlllg/
unioadlllg

transport

delays

retml

other
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RECOMMENDED CONDITIONS
TEMPERATURE and
RELATIVE HUMIDITY

The mformatIOn found m this table was compIled by Manta Cantwell,
Department of Vegetable Crops, UOlverslt} of CahforDla, DaVIS
(ApnI1996) For future updates VISit http //postbarvest ucdavls edu

Common Name Sctentlfic Temperature RH. ApprOXImate

III EnglIsh Name °C of % Shelf-lIfe
Afncan homed melon CUCWlllS anguna 13-15 50-60 90 6 months
Amaranth, Pigweed Amaranthus spp 0-2 32-36 95-100 10-14 days
Apple Malus punllia -1-4 30-40 90-95 1-12 months
Apncot Pnmus armemaca ~5-o 31-32 90-95 1-3 weeks

Artichoke Cynara acolymus 0 32 95 100 2-3 weeks
Asian Pear, Nasm Pyrus seratma P pynfoba I 34 90-95 5-6 months
Asparagus. green, wiute Asparagus officmalls 1-2 34-36 95-100 2-3 weeks

Atemoya Annona sqIUlmOSa x chenmola 13 55 85-90 4-6 weeks
A.vocado Persea amencrma

cv Fuerte, Hass 7 45 85-90 - 2-4 weeks
cv l'u"hs, Pollock 13 55 85-90 2 weeks
cv Lula. Booth-I 4 40 90-95 4-8 weeks

Babaco Mt. papaya Canca caruJamarcensls 7 45 85-90 1-3 weeks
Banana Musa paradlSlaca var 13-15 56-59 90-95 1-4 weeks

saplentum
Barbados cherry Malplghza glabra 0 32 85-90 7-8 weeks
BasIl DClmum basll,cum 75-10 45-50 90 7 days
Beans

Snapbean, Green Phaseolus vulgans 4-7 40-45 95 7-10 days
Beans

Faba beans 4-71 40-45 90-95 7-10 days

Lima beans Phaseolus lunatus 5-6 41-43 95 5 days
Beet Beta vulgans

bunched 0 32 98-100 10-14 daIS
topped 0 32 98-100 4 months

BelgIan endIve- Wltloof Clchonum mtybus 2-3 36-38 95-98 2-4 weeks
clucory
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Common Name ScientIfic Temperature R.H Approxunate
III EnglIsh Name °C or % Shelf-hie

Blttennelon, B,tter gourd Momorolca charant/Q 10-12 50-54 85-90 2-3 weeks
Black. salsuy Sooaonera Scorzonera hlspantca 0-1 32-34 95-98 6 months
Black sapote DlOspyros ebenaster 13-15 55-59 85-90 2-3 weeks
BIackbemes RubllS spp -05-0 31-32 90-95 3-6 days
BIueoemes Vacclnlum corymbosum -05-0 31-32 90-95 2 weeks

Bokchoy Brmslca chmenslS 0 32 95-100 3 weeks

BreadfIUlt Artocarpus altJlrs 13-15 55-60 85-90 2-6 weeks
Broad bean, Faba bean Vlcwfaba 4-57 40-41? 90-95 I semana?

BroccolI Bras.~lca oleracea var [1(1l1ra 0 32 95-100 10-14 days

Brussel Sprouts B oleracea var Gemnrfera 0 32 95-100 3-5 weeks

Cabbage B oleracea var Capltata

Early crop 0 32 98-100 3-6 weeks

Late cabbage 0 32 95-100 5-6 months
Cactus leaves Nopahtos Opunt/aspp 5-10 41-50 90-95 2-3 weeks

Cactus pear Opunt/aspp 5 41 85-90 3\\eeks

Pnckly pear fruIt
CaInuto, star apple Chrysophyllum calmto 3 38 9C 3 weeks
CaIamondm orange C,trllS ret/culta x 9-10 48-50 90 2 weeks

Fortzmella spp
CaJustel, Eggfrmt Poutena campechrana 13-15 55-60 85-90 3 weeks
Carambola, StarfruIt Averrhoa carambola 9-10 48-50 85-90 3-4 ",eeks
Carrots Daucus carota

bunched, lInmature 0 32 98-100 10-14 days
topped 0 32 98-100 6-8 months

Cashew apple Anacani,um occidentale 0-2 32-36 85-90 5 weeks
Cassava, Yucca root Mall/hot esculenta 0-5 32-41 85-90 1-2 months
CaulIflower B olerocea var Bohytzs 0 32 95-98 3-4 weeks
Celenac ApIum graveolens var 0 32 98-100 6-8 months

Rapaceum

Celery Apium gr(Ne{}lens var Dulce 0 32 98-100 - 1-2 months

Chard Beta vulgans var "cia 0 32 95-100 10-14 days
Chayote Sechlum edule 7 45 85-90 4-6 weeks
Chenmoya, Custard apple Annona chenmola 13 55 90-95 2-4 weeks
ChInese broccolI gallan Brasslca alboglabra 0 32 95-100 10-14 days
Chinese cabbage Brasslca campestns var 0 32 95-100 2-3 months

Napa cabbage Pelanen.ro

Chinese Long bean Vigna sesqvlpedalzs 4-7 40-45 90-95 7-10 days
Cllives Allium schoenoprasum 0 32 95-100 2-3 weeks
Cl1antro Clunesc parsley umandrwn satlvum 0-2 32-34 95-100 2 ",eeks

Coconut Cocos nuczftra 0-2 32-36 89-85 1-2 months
Collards Kale B olerucea var Acephala 0 32 95-100 10-14 days

Cool season Leafy vanOllS genera 0 32 95-100 10-14 days
Greens

Cranberry Vacczmum macrocarpon 2-4 36-40 90-95 2-4 months
Cucumber CUCU1nIS sat/VIIS 10 50 85-90 10-14 days
Currants Rlbes satlvum -05-0 31-32 90-95 1-4 weeks

R. mgrwn R. rubrum
Datkon, Onental radIsh Raphanus satiVIIS 0-1 32-34 95-100 4 months
Date PhoenIX dactylz.feru -18-0 0-32 75 6-12 months
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Common Name SCIentIfic Temperature R.H ApproXllIlllte
10 Enghsh Name °C of % Shelf-hfe

D1I1 Anethum graveolens 0 32 95-100 1-2 weeks
Dunan Duno nbethmus 4-6 39-42 85-90 6-8 weeks
Eggplant Solanum melongena 10-12 50-54 90-95 1-2 weeks
Emilve and Escarole CIchonum end,v,a 0 32 95-100 2-3 weeks
Epazote Chenopodium ambrosloldes 0-5 32-41 90-95 1-2 weeks
FelJoa, Pmeapple gua\3 FelJoa se//owIGna 5-10 41-50 90 2-3 weeks
Fennel aruse loemculum vulgare 0-2 32-36 90-95 2-3 weeks
Fig F,cuscanca -05-0 31-32 85-90 7-10 da}S

GarlIc Allrum satlvum 0 32 65-70 6-7 months
Gmger Zmgrber officmale 13 55 65 6 months
Goosebeny Rlbes grossulana -05-0 31-32 90-95 3-4 weeks

Grape VltlS vlmfera -05 aO 31-32 90-95 2-8 weeks
Amencan grape Vms labrusca -I a -05 30-31 90-95 1-6 months

GrapefruIt Citrus parodlSl

CA,AZ dryregtons 14-15 58-60 85-90 6-8 weeks
FL hUIllld regtons 10-15 50-60 85-90 6-8 weeks

Guava Ps,d,um guaJava 5-10 41-50 90 2-3 weeks
HorseradIsh Annorac/Q rustlcana -1 a 0 30-32 98-100 10-12 months
Jaboucaba Myrczana cauliflora= 13-15 55-60 90-95 2-3 days

EugenIa cauliflora

Jackfrwt Artocarpus heteroplryllus 13 55 85-90 2-6 weeks
Japanese eggplant Solanum melongena 8-12 46-54 90-95 1-2 weeks
Jerusalem artlchoke Helumthus tuberosus -05-0 31-32 90-95 4 months

JIcama, Yamt>ean Paclryrrhzzus erosus 13-18 55-65 85-90 1-2 months
KiWI, Chmese gooseberry Actlmd,a chmenslS 0 32 90-95 3-5 months
Kohlabi B oleracea var Gongylcdes 0 32 98-100 _ 2-3 months
Kumquat Fortune/laJapomca 4 40 90-95 2-4 weeks
Langsat Aglala spp Urnslum spp 11-14 52-58 85-90 2 weeks
Leek Allzum porrum 0 32 95-100 2 months
Lemon Citrus Izmon 10-13 50-55 85-90 1-6 months
Lettuces fActuca sabva 0 32 98-100 2-3 weeks
Lune, MeXican, Talull CItrus aurantlfolza C 9-10 48-50 85-90 6-8 weeks

orPer:>lan labfolza

Longan Dlmocarpus Iongan 1-2 34-36 90-95 3-5 weeks
=Euphona Iongan

Loquat EnobotryaJaponlca 0 32 90 3 weeks
Luffa, ChInese okra Luffaspp 10-12 50-54 90-95 1-2 weeks
Lychee LItchI utchl chmensz.s 1-2 34-36 90-95 3-5 weeks
Malanga, Tama, Xanthosoma sagrttlfollum 7 45 70-80 3 months

Newcocoyam
Marney Calocarpum mammosum 13-15 55-60 90-95 2-3 l'.eeks
Mandann, Tangenne CItrus retlculata 4 40 90-95 2J weeks
Mango Mangrfera md,ca 13 55 85-90 2-3 weeks
Mangosteen Garclnla mangostana 13 55 85-90 2-4 weeks
Melon

Cantaloupe melon Cucurblta melo VlIf ~tIculatru 2-5 36-41 95 2-3 weeks
Casaba, Crenshaw CUCUrolta melo 7-10 45-50 90-95 2-3 l'.ccks
Honeydew etc

Mmt Menthaspp 0 32 95-100 2-3 \\eeks
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Common Name Sctentlfic Temperature RH ApproXImate
mEnghsh Name °C OF % Shelf-hfe

Mombm, Jobo SpondJas spp 13 55 85-90 1-2 weeks
Hog plum

Mushrooms Agancus y otros genero5 0 32 90 7-14 days
NectarIne Pnmus perslca -05-0 31-32 90-95 2-4 weeks

Okra Abelmoschus esculentus 7-10 45-50 90-95 7-10 days
Ohves, fresh Olea europea 5-10 41-50 85-90 4-6 weeks
Oruons AllIum cepa

Mature oruon bulbs 0 32 65-70 1-8 months
Green oruans 0 32 95-1- 3 weeks

Orange CItrus smensls
CA AZ dry regIOns 3-9 38-48 85-90 3-8 weeks
FL hUIllld regIons 0-1 32-34 85-90 8-12 weeks
Blood orange 4-7 40-44 90-95 3-8 weeks

Oregano fresh Onganum vulgare 0-5 32-41 90-95 1-2 weeks
Papaya Canca papaya 7-13 45-55 85-90 1-3 weeks
Parsley Petroselmum cnspum 0 32 95-100 1-2 months
Parsrups Pastmaca sativa 0 32 95-100 4-6 months
Pa."slonfiwt pQSSlflora spp 10 50 85-90 3-4 weeks

Peach Prunus persu:a -05-0 31-32 90-95 2-4 weeks
Pear Pyrus commums 1 5-05 29-31 90-95 2-7 months
Peas pod Plsum satlvum 0 32 95-98 1-2 weeks

Snow peas P,sum sallvum 0-1 32-34 90-95 - 1-2 weeks
Southern peas, VIgna SinensIS 4-5 40-41 95 6-8 days

cowpeas = V unguIculata

Peppers
Bell Pepper CaPSicum annuum 7-10 45-50 95 2-3 weeks
Hot peppers Clules CapsIcum annuum y C 5-10 41-50 85-95 2-3 weeks

frutescens

Dned hot clules C annuum y C frutescens 0-10 32-50 55-65 6 months
Persimmon DlSpyros kala -1 30 90 3-4 months
Pmeapple Ananas comosus 7-13 45-55 85-90 2-4 weeks
Plantam M parad,SIGCa var 13-15 56-59 90-95 1-5 \'teeks

paradlSlaca

Plums and Pnmes Prunus dometlca -05 - 0 31-32 90-95 2-5 \'teeks

Pomegranate Pumea granatum 5 41 90-95 2-3 months
Potato Solanum tuberosum

early crop 10-15 50-59 90-95 10-14 days
late crop 4-12 40-54 95-98 5-10 months

Pummelo CItrus grondls 7-9 45-48 85-90 12 \\eeks
Pumpkm CUCUrblta maxIma 12-15 54-59 50-70 2-3 months
Qumce Cydoma oblonga -05-0 31-32 90 2-3 months
Raddlcluo Clchonum mtybus 0-1 32-34 95-100 3-4 weeks
RadJsh RrJphanus satlvus 0 32 95-100 1-2 months
Rambutan Nephellum lappaceum 12 54 90-95 1-3 weeks

Raspbcmes Rubus Idaeus -o5..{) 31-32 90-95 3-6 days
Rhubarb Rheum rhapantlcum 0 32 95-100 2-4 weeks
Rutabaga B napus var Napobrasslca 0 32 98-100 4-6 months
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Common Name ScientIfic Temperature R.H Approxunate
m English Name °C of % Shelf-hIe

Sage Salvia officlflalrs 0 32 90-95 2-3 ",eeks
Salsify Vegct.abk oyster Trapopogon pornfolius 0 32 95-98 2-4 months
Santol Sandoncum Indlcum 7-9 45-48 85-90 3 ",eeks
SapodJlla ;Jchras sapota 15-20 59-68 85-90 2 \teeks
Sour chemcs Prunus cerasus 0 32 90-95 3-7 d1\S

Soursop Annona muncata 13 55 85-90 1-2\\eeks
Spmach Sprnacza oleracea 0 32 95-100 10-14 dayS
Sprouts from seeds vanous genera 0 32 95-100 5-9 da)S
Squash, summer Cucurolta pepo 5-10 41-50 95 1-2 weeks
Squash, wmter Cucurorta moschata C 12-15 54-59 50-70 2-3 months

maxIma

Strawberry Fragarra spp 0 32 90-95 7-10 da)s
Sugar apple Custard Annona squamosa 7 45 85-90 4\\eeks

apple Annonaspp

Sweet chemes Pnmus aVlum 1 a..{) 5 30-31 90-95 2-3 weeks
Sweet corn lea mays 0 32 95-98 5-8 da)S
Sweetpotato Ipomea hatalas 13-15 55-60 85-95 4-7 months

Tamanllo Cyphomandra betacea 3-4 37-40 85-95 - 10 weeks
Tree tomato

Tamannd Tamanndus md,ca 2-7 36-45 90-95 3-4 weeks
Taro Cocoyam, Eddoe Colocasla esculenta 7-10 45-50 85-90 4 months

Dasheen

Thyme Thymus vulgans 0 32 90-95 2-3 weeks
TomatIllo, Husk PhysalIs lXocarpa 7-13 45-55 85-90 3 weeks

tomato
Tomato Lycoperslcon esculentum 10-13 50-55 90 1-3 weeks
Turrup B campestns varRapifera 0 32 95 4-5 months
Water Chestnuts Eleochans dulcrs 1-2 32-36 98-100 1-2 months
Watercress garden LePldlum satlvum 0 32 95-100 2-3 weeks
cress Nasturtium officlnales

Watermelon Cltrullus vulgans 10-15 50-60 90 2-3 weeks
WhIte sapotc Cas,mITOa eduirs 20 68 85-90 2-1 weeks
WmgedBean Psophocarpus 10 50 90 4 weeks

tetragonolobus
Yam DlOscorea spp 15 59 70-80 2-7 months

Sources mclude unpublIshed mformatlOn and
FacclOla S 1990 COrtlllCOpW 4 SOlll ce BOOk ojEdIble Plants VIsta CA
Kampong PublicatIOns 678 pp

Kader A A et aI 1992 Pm,than est Ted1llologv ofH0I1Icuiturai Crops (2nd ed)

UC DANR PublIcatIons 3311 296 pp

McGregor B M 1989 1 ropH.al Products 1 ransport Handlbook

USDA Handbook 668 148 pp
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P MODIFIED ATMOSPHERE PACKAGING:
RECOMMENDATIONS and
REQUIREMENTS

The source for the mformatlOn provIded m tillS Appendn IS
CA '97 Proceedmgs Volumes 1 to 5 Postharvest HortIculture Senes No
15 - 19 Umverslty of Callforma, DavIs SpecIfic references can be found
at the end of Chapter 5 Contamers and Packagmg MaterIals

.Ii l .....o,t: ..... I u-...tlJ. !l lWllU If IIlh" I

Recommendations and reqUIrements for MAP of selected vegetables
Source Saltvert, 1997

Tem perature1 Atmosphere2

Vegetable Optimum Range %°2 %C02 Application

Artichokes 0 0-5 2-3 2-3 Moderate
Asparagus 2 1-5 Air 10-14 High
Beans green snap 8 5-10 2-3 4-7 Slight
Beans processing 8 5-10 8-10 20-30 Moderate
Broccoli 0 0-5 1-2 5-10 High
Cabbage 0 0-5 2-3 3-6 High
Cantaloupes 3 2-7 3-5 10-20 Moderate
Herbs3 1 0-5 5-10 4-6 Moderate
Lettuce (cnsphead) 0 0-5 1-3 0 Moderate
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Temperature 1 Atmosphere2

Vegetable Optimum Range %02 %C02 Application

Lettuce (cnsphead)
cut or shredded 0 0-5 1-5 -20 High

Lettuce (leaf) 0 0-5 1-3 0 Moderate
Mushroo'TIS 0 0-5 3-21 5-15 Moderate
Peppers chilies

for processing 5 5-10 3-5 10-20 Moderate
Tomatoes (green) 12 12-20 3-5 2-3 Slight

npe 10 10-15 3-5 3-5 Moderate

1 Optimum and range of usual and/or recommended temperatures A relative humidity
of 90% LO 95% IS usually recommended

2 Specific CA recommendatIOns depends on cultlvar temperature and duration of
storage
3 Herbs chervil chives conander dill sorrel and v.ratercress

RecommendatIOns for MAP of apples, pears and aSian pears at -1 to 0 C
Sources Kupferman, 1997, RIchardson and Kupfem1aIl, 1997

02 (%) CO2 (%) Temp (0C) Storage (months)

Apple Vanety
Braebum 1 8 1 0 07 6-9
FUJI 1 4 1 0 03 7-11
Gala 1 7 1 6 1 3 2-9
Golden DelicIous 1 6 23 05 7-11
Granny Smith 1 4 20 06 7-11
Idared 2 1 25 1 9 7-10
Jonagold 1 4 27 09 5-10
Mcintosh 2 1 29 25 5-10
Red DeliCIOUS 1 6 1 8 00 6-11
Royal Gala 1 5 1 8 -0 2 5-8
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%02 OfoC02 Storage (months) CA-dlsorders

Pear Vanety
Abate Fetel 1 1 5-6 IB
Alejandnna 3 2 4-5 IB
Anjou d Anjou 1-2 5 0-0 5 7-8 IB PBC Cav
Bartlett 1-2 0-0 5 3-5 CF PBC
(=Wililam s Bon Chretien)
Blanquilla 3 3 6-7
(=Blanca de AranJuez)
Bosc Kaiser 1-25 05-15 4-8 PBC Cav
Buena LUisa 3 2 6 IB CF
(=Buona LUisa)
Clapp s Favonte 2 <0 7 3-4 IB PBC
Comlce 1 5-4 a 5-4 5-6 IB(overmature)
Conference 1-25 06-1 5 6-8 BH IB Cav
Coscia 1 5 2-3 6-7 CF
Flor d Hlvem(=lnvemo) 3 3 4-5 IB
Forelle 1 5 0-1 5 6-7
General Leclerc 2-3 2-3 3-5
Grand Champion 3 2-2 5 4
Hardy 2-3 3-5 4-6
Josephine 1-2 1-2 8
Krystalll 2 1-2 3-5
Llmonera Lllmonera 3 3 3-4
Packham s Tnumph 1 5-18 1 5-25 7-9 CB
Passe Crassane 3 4-5 5-8 IB
Rocha 2 2 8
Spadona 15-25 1 5-35 8-9 IB

ASian pears
Chojuro 2 1-2 3-4
Kosul 1-2 0-2 3-4
Nljlselkt (=20th Century)O 5-3 0-1 5
Tsu LJ 1-2 0-3 3-5 IB
Ya LI 4-5 0-4 3-4 18 Cav CI?

Ya LI may show a type of chili Injury at temperatures <5°C
Optimum storage temperature IS -1 to O°C unless othelVVlse indicated (CA-dlsorder
abbreviations are IB=lntemal breakdolM1 or brolM1lng BH= brolM1 heart PBC= pithy
brolM1 core CF= core flush Cav= cavIty usually lens-shaped CI= chilling InJury)
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RecommendatIOns and reqUirements for MAP of other frUits (CA-
londltIOns) Source Kadel 1997

Commodity Temperature Range1 %02 %C02 Commercial use (June 1997)

Apncot 0-5 23 2-3
Avocado 5-13 2-5 3 10 Used dunng manne transport
Banana 12-16 2-5 2-5 Used dunng manne transport
Blackberry 0-5 5-10 15-20 Used Within pallet covers

dunng transport
Blueberry 0-5 2-5 12-20 Limited use dunng transport
Chenmoya 8-15 3-5 5-10
& Atemoya
Cherry sweet 0-5 3-10 10-15 Within pallet covers or manne

containers dunng transport
Cranberry 2-5 1-2 0-5
Dunan 12-20 3-5 5-15
a::lg 0-5 5-10 15-20 Limited use dunng transport
Grape 05 2-5 1-3 Incompabble With S02

or 5-10 10-15 Can be used Instead of S02 for
decay control up to 4 weeks

GrapefrUit 10-15 3-10 5-10
KIWifruit 0-5 1 2 3-5 Expanding use dunng transport!

storage With ethylene < 20 ppb
Lemon 10-15 5-10 0-10
Lime 10-15 5-10 0-10
Lychee (litchi) 5-12 3-5 3-5
Mango 10-15 3-7 5-8 IncreaSing use dunng manne
transport
Nectanne 0-5 1-2 3-5 limited use dunng manne transport

or 4-6 15-17 Used to reduce chilling Injury
(Internal breakdown) of some cvs

Olive 5-10 2-3 0-1 Limited use to extend
processing season

Orange 5-10 5-10 0-5
Papaya 10-15 25 5-8
Peach clingstone 0 5 1 2 3-5 Limited use to extend

canning season
Peach freestone 0-5 1 2 35 Limited use dunng manne transport

or 46 15 17 Used to reduce InCidence/seventy
of chilling Injury of some cvs

Persimmon 05 35 58 Limited use of MA packaging
Pineapple 8-13 2 5 5 10 WaXIng IS used to create MA and

reduce endogenous brown spot
Plum 0-5 1 2 0-5 Limited use for long term storage of

some culbvars
Pomegranate 5 10 3-5 5-10
Rambutan 8 15 35 7-12
Raspberry 0-5 5-10 15-20 Within pallet covers dunng transport
Strawberry 05 510 15-20 Within pallet covers dunng transport
Sweetsop 1220 35 510
(custard apple)

1Usual and/or recommended range a relabve humidity of 90 95% IS recommended
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2Speclfic CA combination depends on cultlvar temperature and duration of storage These
recommendations are fer transport and/or storage beyond 2 weeks Exposure to lower O~ and
or higher CO concentrations for shorter durations may be used for control of some
phySiological disorders pathogen and/or Insects

RecommenddtlOn\ .md reqUirement.. for l\1<\P offre..h-cut "eget.lhlc.. and
fresh-cut fl Ult" "Ollflt- (10n1\ I CN7

Fresh-Cut Product

Fresh-cut Vegetables

Temperature (0C)
Atmosphere
%0. % CO2 EffectIveness

Beets (Red)
Grated Cubed or Peeled 0-5
Broccoli Florets 0-5
Cabbage Shredded 0-5
Cabbage (Chinese) Shredded 0-5
Carrots
Shredded Sticks or Sliced 0-5

Leek Sliced 0 5
Lettuce (Butterhead) Chopped 0-5
Lettuce (Green Leaf) Chopped 0-5
Lettuce (Iceberg)
Chopped or Shredded 0-5

Lettuce (Red Leaf) Chopped 0-5
Lettuce (Romaine) Chopped 0-5
Mushrooms Sliced 0-5
Onion Sliced or Diced 0-5
Peppers Diced 0-5
Potato Sliced or Whole-Peeled 0-5
Rutabaga Sliced 0-5
Spinach Cleaned 0-5
Tomato Sliced 0-5
Zucchini Sliced 5

Fresh-cut FrUit

5 5 Moderate
2-3 6-7 Good
5-75 15 Good
5 5 Moderate

2-5 15-20 Good
5 5 -

Moderate
1-3 5-10 Moderate
05-3 5-10 Good

05-3 10-15 Good
05-3 5-10 Good
05-3 5-10 Good
NOT RECOMMENDED
2-5 10-15 Good
3 5-10 Moderate
1-3 6-9 Good
5 5 Moderate
08-3 8-10 Moderate
3 3 Moderate
o25-1 Moderate

Apple Sliced
Cantaloupe Cubed
Honeydew Cubed
KIWIfruit Sliced
Orange Sliced
Peach Sliced
Pear Sliced
Persimmon Sliced
Pomegranate Anls
Strawberry Sliced

0-5
0-5
0-5
0-5
0-5
o
0-5
0-5
05
05

<1 Moderate
3-5 6-15 Good
2 10 Good
2-4 5-10 Good
14-21 710 Moderate
1-2 5-12 Poor
05 <10 Poor
2 12 Poor

15-20 Good
1-2 5-10 Good

POSTHARVEST TECHNOLOGY FOR SMALL-SCALE PRODUCE MARKETERS



APPENDIX D SUPPLIERS OF POSTHARVEST EQUIPMENT

ADDRESSESIPHONE and
FAX NUMBERSof SUPPLIERS
ofPOSTHARVEST TECHNOLOGIES

Company ltst IS m alphabetIcal order

Action Bag Co
501 N Edgewood Ave Wood Dale IIhnols 60191 (800) 824-BAGS

Adelman-FIsher Packagmg
207 Walnut Street Kansas CIty Mlssoun 64106 (816) 842-3961

Ag-Pak Inc
Gasport NY 14067 (716) 772-2651 TELEX 64-6865

Agrl-Tech Inc
POBox 448 100 Lake/lew Dnve Woodstock, Vlrgtma 22664 (703) 459-2142
FAX (703) 459-4731

Aladdm Industnes Inc
NashVille Tennessee 37210

AlternatIve Energy Engtneenng
POBox 339 Redway CA 95560

Amencan Maclllnery Corp
2730 Eumce Ave PO Box 3228 Orlando FL 32802 (407) 295-2581

Amencan Rtpener Co Inc
803 Pressley Road SUIte 106 Charlotte North Carolina 28217 (704) 527-8813
FAX (704) 527-6705

Page D 1

Bradbury Barrel Co
POBox A 100 Mam Street Bndgewater Mame 04735 (207) 429-8141 or (800) 332-6021

Brogdex Company
1441 West Second Street Pomona Cahfofl1la 91766 (909) 622-1021 FAX (909) 629-4564
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Buckhorn
55 West Technocenter Dnve MIlford OhIo 'bl::>O (513) 831-4402 FAX (513) 831-5474

Burpee
W Altee Burpee 8.. Co Warmmster PA 18974

Cahforma Controlled Atmospheres
39138 Road 56 Dmuba Cahforma 93618 (209) 591-8874 FAX (209) 591-8896

Cargo Technology Corp
San DIego CalIforma FAX (619) 483 0088 sales@cargotech com

Carner Translcold
POBox 4805 Carner Parkway Syracuse New York 13221 (315) 4326397
FAX (315) 432 3226

Catalytic Generators Inc
1185 Ptnendge Road Norfolk. Vlrgtma 23451 (804) 855 0191 FAX (804) 855-4155

Clunook Packmg EqUIpment
POBox 15554 BOIse Idaho 83715 (208)384-5418 FAX (208) 855-4155

ClarkesvIlle Maclune Works Inc
POBox 378 ClarkesvIlle Arkansas 72830 (501)7547161 FAX(501) 7548602

CMF Corp
1524 West 15th Street LongBeach Cahforma 90813 (310) 437-2166

The Cook's Garden
POBox 65054 Londonderry Vermont 05148

Cool Care Consultmg Inc
2300 Glades Avenue SUIte 100 EastTower Boca Raton Flonda 33431
(407) 392-2241 FAX (407) 392-2839

Countryside General Store
HIghway 19 East S U Waterloo Wlsconsm 53594

Dade Service CorporatIOn
POBox 11137 Daytona Beach Flonda 32120 (904)2745655 FAX(904)2745664

DeltaTRAh Inc
POBox398 Pleasanton Cahforma94566 (510)426-3011 FAA (::>10) 846-1147

DIckson
930 South Westwood <\venue <\ddlson IIltnOls 60101-4917 wwwdlcksonweb com

Page D 2

Duluth Tradmg Co
5200 Qult1cy Street St Paul Mmnesota 55112-1426 (800)505-8888 wwwduluthtradmgcom

Durand-Wayland Inc
PO Box 1404 LaGrange Georgta 30241 (706) 882-8161 FAX (706) 882-8161
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Over Fruit Box Manufactunng Co
130 Parkvtew Dnve POBox 245 Dyer Tennessee 38330 (901) 692-2241

Elberta Crate and Box Co
POBox 795 Bambndge Georgia 31717 (912) 246-2266

Ethylene Control Inc
POBox 571 Selma. Cahforma 93662 (209) 896-1909 FAX (209) 896-3232

Page D 3

Farber Bag & Supply Co
8733 kapp Dr PO Box 78 Poesta IA 52068-0078 (800) 553-9068 FAX (319) 583-2701

Fisher
Phone (800) 766 7000 or FAX (800) 926 1166

Frankhn Crates Inc
POBox 275 Micanopy Flonda 32667 (904) 466-3141

Fnend Manufactunng Corp
POBox385 Prospect Street Gasport New York 14067 (716)772-2622 FAX (716) 772-2370

Frontier Technology Inc
609 N Eastern Ave Allegan MI49010 (616) 673-9464 FAX (616) 673-9629

Garden Way Country Kttchen
48 Maple Street POBox 944 Burhngton Vermont 05401

Gardener's Supply Co
128 Intervale Road, Burhngton Vermont 05401

General Bottle Supply Co Inc
1930 East 51st Street POBox 58734 Los Angeles Cahforma 90058 (213)581-2001

Glacier Valley Enterpnses
S 2907 County Hwy A Baraboo WI 53913-9744 (608) 356-6670 (800) 236-6670

Goodnature Products Inc
POBox 866 Buffalo New York 14240 (716) 855-3325 FAX (716) 855-3328

Growers Contamer CooperatIve Inc
POBox 491355 Leesburg, Flonda 34748 (904) 787-3579

Gurney's Seed and Nursery Co
110 Capital Street Yankton South Dakota 57079

HACH Company
POBox 608 Loveland Colorado 80539 (800) 227 4224 or FAX (970) 669 2932

Henry FIeld's Seed and Nursery Co
Shenandoah Iowa 51602

Hydro-Gardens Inc
POBox 25845 Colorado Spnngs Colorado 80936 (719) 495-2266/ (800) 634-6362
FAX (719) 531-0506
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IFC
lOll Wdlnut Ave Pomona Cahforllla 91766-6528 (909) 5171080 FAX (800) 551 0277
Independence Box Co
935 N Mam Street Independence Oregon 97351 (503) 838-3763

Industnal VentilatIon Inc
960 Broadway SUIte -t.60 BOIse Idaho 83706 (208) 344-3531 FAX (208) 344-3540

Inland Contamer
Park Fletcher Statton Box 41264 IndIanapolIs Indmna 46241 (317) 248-8086

IntermedIate Technology PubhcatlOns
9 Klllg Street London WC2E 8HW UK Tel 0602-784-505

InternatIOnal RJpemng CorporatIOn
1185 Pmendge Road Norfolk Va 23502 Phone (800) 472 7205

Jade Mountam Inc
POBox 4616 Boulder Colorado 80306 (800) 442-1972 (303) 449-6601

JAMarketmg
942 Vtrgtma Lane Elmhurst IllInOIs 60126 (708) 279-5806

Johnny s Selected Seeds
299 Foss H111 Road AlbIOn Mame 04910

A M Leonard Inc
241 Fox Dnve POBox 816 Ptqua OhIO 45356 (800) 543 8955 wwwarnleo com

Llfehnes Technology Inc
116 Amencan Road Morns Plams NJ 07950 (201) 984 6000 FAX (201) 9841520

Market Farm Implement
RD # 2 Box 206 Fnedens PennsylvanIa 15541 (814) 443-1931 FAX (814) 445-2238

McConmck FrUIt Tech
6158 South 48th Ave Yaktma WA 98908 Phone (509) 966 3999 FAX (509) 966 7635

Mellinger's Inc
2310 W South Range Road North Luna OhIO 44452

\hch1gan Orchard Supply
07078 73 1/2 Street Southhaven MIc1l1gan 49090 (616) 637-1111/ (800) 637-6426
FAX (616) 637-7419

MId-State Manufactunng
POBox 807 RIpon Callforllla 95366 (209) 599-4181 FAX (209) 599-4863

MOllltor Company
(209) 537 3200 FAX (209) 5373242 or (800) 5373201
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Thomas E Moore Inc
POBox 794 Dover Delaware 19903 (302) 653-2000 FAA (302) 653-3476

Natural Gardemng Company
217 San Anselmo Ave San Anselmo Cahforma 94960

Northern
POBox 1499 Burnsville Minnesota 55337 (800) 5335545 FAX (612) 894 0083
www northern-online com

Northwest InternatIOnal EqUIpment Co Inc
POBox 10932 Yakuna Waslungton 98909 (509) 575-1950 FA.'\. (509) 452-3307

NSWCorp
530 Gregory '\venue Roanoke Virginia 24016 (703) 981-0362 FA.),. (703) 345-8421

Orchard EqUipment and Supply Co
POBox 540 Route 116 Conway Massachussetts 01341
(413) 369-4335 or (800) 634-5557 FAX (413) 369-4431

Pacific States Box and Basket
1295 S Los Angeles Street Glendale Cahforma 91209 (818) 244-8688

Peaceful Valley Farm Supply
POBox 2209 Grass Valley Caluorma 95945

Pmetree Garden Seeds
Box 300 New Gloucester Mame 04260

Plants of the Southwest
Route 6 Box llA, Agua Fna, Santa Fe New MeXICO 87501

Polybags Plus
POBox 3043 Port Charlotte Flonda Zip?

Post-Harvest Technologtes Inc
PO Box 1936 Sahnas CA 93902 Phone (800) 845 3092 FAX (408)758 4570

PreCISion Generators Company Inc
200 Goldenoak Court Vtrgtma Beach Vtrgtma 23452 (757) 498 4809

Pressure Cool Co
PO Drawer Y IndiO CalIfornm 92202 FAX (760) 342 7578

Ramsay Welding and Machme Inc
478 Brunken Salinas Cahforma 9390 I (408) 422-6429 FAX (408) 422-9254

Page D 5

Real Goods
555 Leslie Street Uktah Califorma 95482-5576 (800) 762-7325 Foreign Orders (707) 468
9214

Reflectlx Inc
POBox 108 Marklevtlle Indmna 46056 (800) 879-3645
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Roadway Express
1011 Gorge Blvd POBox 411 Akron Ohio 44309 (800) 251 2831 http Ilwww roadway com
Rockford Package Supply Inc
10421 Northland Dnve Rockford MIssIssiPPi 49341 (800) 444-1225 FAX (616) 866-4921

Roblc RefngeratlOn Inc
1105 North Broadway POBox 109 Turlock, Cahforma 95381 (209) 632-8851
FAX (209) 632-5303

N H Savage Eqmpment Inc
400 Industnal Road Machll Oklahoma 73446 (405) 795-3394 FAX (405) 795-2448

Sealand Servtce Inc
6000 Carnegte Blvd Charlotte North Carohna 28209

Seal-o-Mattc Co
900 PassaIc Avenue East Newark New Jersey 07029 (201) 481-6500 FAX (201) 485-7818

Semco Manufactunr'5 Company
POBoxH 105E Bus Hwy 83 Pharr Texas 18511 (512)1874203 FAX(512)181-0620

Sensttech Inc
123 Bnmbal Ave Beverly Massachussetts 01915 (978) 9277033 FAX (978) 9212112
mfo@sensltech com

Rod Smtth Canvas Co
2514 Easy Street Wenatchee Washmgton 98801 (509) 663-1967 FAX (509) 662-1780

Sortmg Teclmology Inc
POBox 419 Amencan Falls Idaho 83211 (208) 226-2127 FAX (208) 226-2750

Stokes Ladders Inc
4545 Renfro Dnve POBox 445 Kelseyvtlle Cahforma 95451 (701) 279 43061 (800) 842-7115
FAX (707) 279-2232

Terntonal Seed Company
POBox 151 Cottage Grove Oregon 91424-0061

TEW Manufactunng Corp
PO Box 81 Penfield NY 14526 (116) 586-6120

Texas Basket Co
100 Myrtle Dnve POBox 1110 JacksonvIlle Texas 15166 (903) 586-8014 or (800) 651-2200
FAX (903) 586-0988

ThennaGard Inc
6312 Shortcut Road Moss POint l\hsslsslPPI 39563 (601) 474-2314

TUBAMET AG
P B 879 FL-9490 Vaduz Europe (41)75-232-81-41 FAX (41) 15-232-66-41

Zellerbach
4603 East Vme Street Fresno Cahforma 93125 (209) 233-120 I
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+91-44-5228578,5229008
+91-44-5228578

Blrd/pest control

Intensive Pest Control Services
Arch Arun C VakJi's Bldg 2nd Fl Opp Lal Court,
Ra]mahal Rd,
390001 Baroda, india
Phone +91-265-66239,554693

Pest Control (I) Ltd
23,Mlrza Ghahb St, 700016 Calcutta, India
Phone +91-33-2451184
Fax +91-33-2444652

Pest Control M Walshe
3, Clover Bldg, 3rd Fl, 240/2,Thambu Chetty St,
600001 ChennaJ,
India
Phone
Fax

Rehance Pest Control
83,2nd Sector,9th St,K K Ngr 600078 Chennal, India
Phone +91-44-4831346

Esk Pest Control
6-3-609/93 Anand Ngr Cly, Nr Corum, Hall,
Kharratabad,500004
Hyderabad IndIa
Phone +91-40-315016

Pest Control M Walshe
503,Embassy Centre, Nanman Pomt, 400021 Mumbal,
India
Phone +91-22-2850615,2850277
Fa),. +91-22-2040634

Cloches greenhouse film and chps for plastic
tunnels

M H Polymers
3rd Fl Navdeep House Nr Income Tax Char Rasta
Ashram Rd, 380014
Ahmedabad IndIa
Phone +91-79 65688706561744
Fax +91-79-6425439

B & V Agro ImgatlOn Co
410, AGH Chmbrs, 379/81,Narshl Natha St ,l\1asJId,
Bunder, 400009
MumbaI, IndIa
Phone +91-22-3436575,3449568

Theta Polymers Pvt Ltd

109, Aren]a Comer Sector 17 Vashl 400705 Mumbal
IndIa
Phone +91-22-76314907631121
Fax +91-22-7631121

Floatmg Row Corners

Not available

IrrIgatIOn SupplIes (DriP & soaker systems)

PremIer Imganon EqUIpment Ltd
NIhanka, 17/1C, Ahpore Rd 700027 Calcutta IndIa
Phone +91-33-47974554795155
Fax +91-33-4797626

Pasumal Imganons Ltd
I,Avenue Rd ,Nungambakkam 600034 ChennaJ India
Phone +91-44-8255404
Fax +91-44-8240288

Harvel ImgatlOns Pvt Ltd
301-304, Meghdoot, 94,Nehru Place, 110019 NeVv
Delhi IndIa
Phone +91-11-64133706485365
Fax +91-11-6464819

Mulch, Paper and PlastIc

Not avaJiable

Pruners, Hand Tools

Shn Ganga Rollmg MIlls
B-6,Udyog Ngr ,NaIllI 211010 Allahabad IndIa
Phone +91-532-7279

Vasco Tradmg Co
Vasco House M G Rd 390001 Baroda India
Phone +91-265-555245

Pettal Floral StudIO The
S C a 816 Sector 22-A 160022 ChandIgarh India
Phone +91-172-701908
Fax +91-172-530513

Shade Cloth

Not available

Trellises, Bean Towers

Not avaIlable

•
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Wall-O-Water Hot Caps

Not avaIlable

APPENDIX E SUPPLIERS OF PHT IN INDIA

400031 MUlllbal IndIa
Phone +91-22-4142204
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Chapter 3

Umkon SCientific Co
170-A-B Housmg Board Cly 133001 Aillhaia Cantt,
India
Phone +91-171-642053

+91-265-3427172 3429390
+91-265-338790

Endeavour Instrument Pvt Ltd
307 Anand Chmbrs Nr High Court 380009
Ahmedabad IndIa
Phone +91-79-6440606 6440607
Fax +91-79-6421221

Sizers Slzmg Rmgs

Weldeal Corp
407 WorId Trade Centre P 0
390005 Baroda
mdIa
Phone
Fax

Box 2534 Sayajl Gan]

NaTIonal SCientIfic EqUlplllent Co The
4 Chandney Chowk St 700072 Calcutta IndIa
Phone +91-33 274634

DecIbel Instruillents
182/45 Phase-I Indl Area 160002 Chandlgarh IndIa
Phone +91-172 650130
Fax +91-172 562128

Penetroilleters

Not avaIlable

Arkay Engmeenng Enterpnses
319,Mount Rd Nandanam, 600035 Chennal, IndIa
Phone +91-44-452248,4335443
Fax +91-44-4338166

Atco Marketmg Pvt Ltd
104 CreaTIve Indl Est ,72, N M JoshI Marg, 400011
Mumbal IndIa
Phone +91-22-896472

Essae-Teraoka Pvt Ltd
914 Rahe]a Center, Plot No 2142 Bac~bay

ReclamaTIon Nanman Pomt,
400021 Mumbal, IndIa
Phone +91-22-225223

IndIa OPTICS &. SCIenTIfic Works
4270-71, Hosp Rd, 133001 Ambala Cantt IndIa
Phone +91-171-20137,20382
Fax +91-171-642439

Refractoilleters

Omega Instruillents (I) Pvt Ltd
4 RIpon St 700016 Calcutta IndIa
Phone +91-33-295019 299839

Ehco Ltd [llllage]
B 17 Ind1 Est Sanatnagar, 500018 Hyderabad IndIa
Phone +91-40-3770134,3771262
Fax +91-40-3771639,3350840

Ullltech Engg Co
A-6 Royal Indl Est Nalgauill Cross Rd Wadala

pH Meters

PH Products Co
313 Model House, 6-3 456/All PunjUgutta 500082
Hyderabad, IndIa
Phone +91-40-3323265,274897
Fax +91-40-3319840

SCientific Instrument Services
2, Corom Centre, Indl Area, Phase I "'larama, 110028
New Delhi IndIa
Phone +91-11 5357205193663
Fax +91-11-535720

D S Engmeenng Works
142-B,Co-op Indl Est 208022 Kanpur IndIa
Phone +91-512-296006

Engent GraphIcs Pvt Ltd [Image]

F-34/42,Nand-Dham Indl Est Marol V1aroshl Rd ,
Marol Andhen (E)
400059 Mumbal, IndIa
Phone -r91-22-8503653 8502838
Fax +91-22-8508874

Engnreenng Enterpnse
F-34/42 Nand-Dham Indl Est Maml \Iaroshl Rd
Marol, Andhen (E)
400059 MUlllbal IndIa
Phone +91-22-85036538502838
Fax +91-22-8508874

Adept Recordmg Instruments Pvt Ltd
PlotNo-4 S No 17/1 B Kothrud Indl Est Kothrud
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+91-22-8378678 8378679
+91-22-8378754

Chlorme Meters

+91-22 2662076,2662942
+91-22-2662397

411029 Pune IndIa
Phone +91-212-331474341124
Fax +91-212-340480

Color Charts

Not a\ atlable

Gram SmIth Apple Starch Scale

Not available

Temperature Probes

Fykays Engmeenng Pvt Ltd
10/11 Subhash Rd ,Jogeshwan (E), 400060 Mumbm,
IndIa
Phone
Fax

Olympus Controls Pvt Ltd
64F/l Lmton St 700014 Calcutta, Indta
Phone +91-33-24499732451611
Fax +91-33-2491062

Pressure & Temperature Control Instruments Co
lIB TopsIa Rd 700039 Calcutta, IndIa
Phone +91-33-3434533,3432036
Fa.... +91-33-3434533

Tempsens Instruments (IndIa) Pvt Ltd
B-188 Mewar Indl Area,Rd No 5,Madn,313001
UdaIpur, IndIa
Phone +91-294-28635
Fax +91-294-526649

Cahpers

Black Jack IndIa Pvt Ltd
C-7 Focal Pomt 144004 Jalandhar, IndIa
Phone +91-181-293890,290889
Fax +91 181-290562

Perfectools
Heena Smrutl I\orth South Rd No 2 Juhu Vile Parle
Scheme VlIe Parle
(W) 400056 Mumbal, India
Phone T91-226143139

't amam Tools &.. Hardware Corp
247,Nagdevl St, ..W0003 Mumbal India
Phone +91-2234005873420138
Fax +91-22-3411907

Pressure Testers

Instrument Research AssocIates Pvt Ltd
19 Gopalapuram 560023 Bangalore India
Phone +91-80-3300382,3380996
Fax +91-803301969

A N Instruments Pvt Ltd
59-B, 5th FI Chowrmghee Rd, 700020 Calcutta India
Phone +91-33-24725092402222
Fax +91-33-4752246

Olympus Controls Pvt Ltd
64F/l,Lmton St , 700014 Calcutta, IndIa
Phone +91-33-2449973,2451611
Fax +91-33-2491062

Manometer (I) Pvt Ltd
Manu MansIOn, 1st FI, 16,Shahld Bhagat Smgh Rd,
400023 Mumbal
IndIa
Phone
Fax

Matenals Research Instruments
63, Mlttal Court B-Wmg, Nanman Pomt, 400021
Mumbal India
Phone +91-22-2830298,2852734
Fax +91-22-2852301

Cambndge Hightech Sensors (I) Pvt Ltd
39, Shubhanand Apts, NIT Layout 440022 Nagpur
IndIa
Phone +91-712-23781

Titrators

Not avaIlable

BasketslBuckets/CrateslBarrels

Jyott Udyog (India)
125/6 Mittal Indl Est Andhen Kurla Rd Andhen,
(E) 400059 Mumbal
India
Phone +91 22 8504~00 8502536

Tushar IndustrIes
412 Bussa Udyog Bhavan T J Rd Sewree (W)
400015 Mumbal IndIa
Phone +91-22-41335234133845

Ruby Products
Ashok Ngr C Ashok Rd Kandtvh (E) 400101
Mumbal IndIa
Phone +91-22-8871791
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+91-33-2481748,2489027
+91 33-2482927

Jlwanram Sheoduttral
3rd Fl, Chownnghee Rd Jawarlal Nehru Rd 700016
Calcutta, India
Phone +91-33 2496507299586
Fax +91-332499511

Fax +91-22-8878828

Natco Po1yp1ast Ltd
405 Ka1yan Chmbrs KhadIa Char Rasta Khadla
380001 Ahmedabad, IndIa
Phone +91-79-387590337151
Fax +91-79-2123441

RelIance PlastIcs
ll-A Umque Indl Est Dr R P Rd Mulund (W)
400Q80 1\;ft.'T'ba' Tnd a
Phone +91-2250181315619994

Ordmance Factory Board
lOA Ayudh Bhawan Aukland Rd
India
Phone
Fax

700001 Calcutta

+91-44-52286755228676
+91-44-5229450

•

Sih er Plastochem p\ t Ltd
C-1 0 1 Hmd Saurashtra Indl Est Marol 1'<aka
Andhen (E) 400059
Mumbal India
Phone +91-22-8509056 8509057
Fax +91-22-8505797

BucketsfBucket Straps

Not available

Bucket LmersfBucket SkIrts

Not available

FrUit PIckers (Long poles with basket)

AbhIshek InternatIonal
Opp K M V College Tanda Rd 144004 Jalandhar,
IndIa
Phone +91-181-295477
Fax +91-181-295477

Shlvgnco Implements Ltd
A-404/405 Admath Apts, 281,Tardeo Rd 400007
Mumbal, India
Phone +91-22-3893022,3893023
Fax +91-22-3882678

Jalkvm Enterpnses
504, Matru Chaya Bldg ,378/80 NafSl Natha St
400009 Mumbal IndIa
Phone +91-22-3441968,3415648
Fax +91-22-3401715

Umque Impex Pvt Ltd
Kennedy House 4 Hanshchandra Goregaonkar
Rd Kennedy Bndge 400007
Mumbal IndIa
Phone +91-22-6211912 3676090
Fax +91-22-6211912

Archlt Safety Product
Shop No 12 Bhagyoday Cmplx Nr Krishna Cmema
390001 Baroda India
Phone +91-265-453102

Jyotl Traders
4127 GalI Sitara AJmen Gate 110006 Delhi India
Phone +91 11-522637

Harnesses

Standard Leather Pvt Ltd
129/A, South Tangra Rd 700046 Calcutta IndIa
Phone +91-33-2448583

Super House Group
150 Feet Rd , JaJmau, 208010 Kanpur, India
Phone +91-512-350391350398
Fax +91-512-3)0814

Harvestmg Aids for Field Packmg

Navmchandra & Co
179, Navm Hse ,Thambu Chetty St, 600001 Chennal
IndIa
Phone
fax

Guru Nanak Agnculture ImplIments Mfrs
Bye Pass, Nr Focal Pomt, G T Rd, 144004 Jalandhar,
India
Phone +91-181-294670292302

PaCIfic Innovative Technology Instruments Pvt Ltd
2099, 1st Fl , 105, Sevak Chmbrs -I Nalwala Karol
Bagh 110005 New Delhi IndIa
Phone +91-11-57377225750926
Fax +91-11-5750926

Harvestmg EqUipment/Potatoes

Navmchandra & Co
179 Navm Hse Thambu Chetty St 600001 Chennal
India

POSTHARVEST TECHNOLOGIES FOR FRUIT AND VEGETABLE MARKETERS



APPENDIX E SUPPLIERS OF PHT IN INDIA Page E 6

+91-44-5228675,5228676
+91-44-5229450

+91-33-220590 I 492928
+91-33-492928

+91-7104-37210 37451
+91 7104-37573

Phone +91-44-5228675,5228676
Fax +91-44-5229450

Indopol Food Processmg Machmery Pvt Ltd
Indl Plot No 28 Sect 27-C 121003 Fandabad, IndIa
Phone +91 129-26761622675823

Guru Nanah. Agnculture Imphments Mfrs
Bye Pass Nr Focal Pomt G T Rd 144004 Jalandhar
IndIa
Phone +91-181-294670,292302

Hanestmg Tools

Navmchandra &. Co
179 Navm Hse Thambu Chetty St, 600001 Chennal
IndIa
Phone
Fax

Indopol Food Processmg Machmery Pvt Ltd
Indl Plot No 28 Sect 27-C, 121003 Fandabad IndIa
Phone +91-129-2676162,2675823

Guru Nanak Agnculture Imphments Mfrs
Bye Pass,Nr Focal Pomt G T Rd, 144004 Jalandhar
IndIa
Phone +91-181-294670292302

PacIfic InnovatIve Technology Instruments Pvt Ltd
2099 1st FI, 105 Sevak Chmbrs -I Nalwala Karol
Bagh 110005 New
DeIhl IndIa
Phone +91-11-5737722,5750926
Fax +91-11-5750926

Ladders

Vasco Tradmg Co
Vasco House M G Rd 390001 Baroda, IndIa
Phone +91-265-555245

1'I,ut Harvesters, Shakers

DamJl Engmeers P\t Ltd
'\ H '\0 8 ]\,r Kashlram Te'\tlles Post ~arol Narol
382405 Ahmedabad
India
Phone +91-79-6746361

1\ahar \.1otors
63 ShastrI Mkt 452001 Indore, IndIa
Phone +91-731-431995544238
Fax +91-731-531730

Plckmg Contamers

Navlakha Agro EqUlpments
38,Shankar Sheth Rd , 411037 Pune India
Phone +91-212-541235545788
Fax +91-212-425877

JyotI Udyog (IndIa)
125/6 Mlttal Indl Est, Andhen Kurla Rd Andhen
(E), 400059 Mumbal
IndIa
Phone +91-22-8504500,8502536

Ruby Products
Ashok Ngr ,C Ashok Rd, Kandlvh (E), 400101
Mumbal, IndIa
Phone +91 22-8871791
Fax +91-22-8878828

Natco Polyplast Ltd
405, Kalyan Chmbrs, Khad''l Char Rasta, Khadla,
380001 Ahmedabad, IndIa
Phone +91-79-387590337151
Fax +91-79-2123441

Potato Separator/Cleaner

Darshan Smgh & Co
POBox 30 G T Rd 144409 Jalandhar IndIa
Phone +91-1827-22532692

Guru Nanak Agnculture Imphments Mfrs
Bye Pass,Nr Focal Pomt G T Rd, 144004 Jalandhar,
IndIa
Phone +91-181-294670292302

Reusable Plastic Contamers

Cooper PlastICS Pvt Ltd
23-A 2nd FI R No-I0 N S Rd, 700001 Calcutta
IndIa
Phone
Fax

Jolly Contamers
3 Sona Udyog Bhavan Andhen (E) 400069 \.1umhal
IndIa
Phone +91-22-8323253

Mlltech IndustrIes Pvt Ltd
F-27/l MlDC Indl Area Hmgna 440016 Nagpur
IndIa
Phone
Fax

Safety Supphes

•
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Not aval1able Fax +91-80-2275604

V-PIck Contamers

Not aval1able

Brusherl\Vasher

Chapter 4

S R TradmgCo
7,Hazan Mull Shah Rd Salkla, 711 106 Howrah India
Phone +91-33-6657890,6657891
Fax +91-33-2206274

Conveyors

+91-80-8392645
+91-80-8392645

•

Guru Nanal,. Agnculture Imphments Mfrs
Bye Pass Nr Focal Pomt G T Rd 144004 Jalandhar
India

--Phone +91-181-294670292302

Sonahka Agnculture Industries
704 Nmnal Tower 26,Barakhamba Rd 110001 Ne\\
Delhi India
Phone +91-11-3318911 3739539
Fax +91-11-3714768

Navlakha Agro EqUlpments
38,Shankar Sheth Rd 411037 Pune India
Phone +91-212-541235545788
Fax +91-212-425877

S R Tradmg Co
7,Hazan Mull Shah Rd ,Salkla, 711106 Howrah India
Phone +91-33-6657890,6657891
Fax +91-33-2206274

ChlonnatlOn System

Kay Moha'1 Corp
88/473,Dalel Purwa, 208001 Kanpur, India
Phone +91-512-316238,357024
Fax +91-512-318528

Chloro Control EqUipment Co
13/M-E Laxrm Indl Est ,New Link Rd, Andhen (W),
400053 Mumbal India
Phone +91-22-6266891,6260066
Fax +91-22-6268185

Cleaners

Osaw Agro Industries
POBox 5 Jagadhn Rd 133001 Ambala Cantt India
Phone +91-171-643147,643167
Fax +91-171-641018

Sampac Enterpnses
23/2, Pan ASla,Tlffany's Annexe, Vlttal Mallya Rd
560001 Bangalore
India
Phone +91-80-2275308

VKR Engmeers
51 NagoJI Rao St Tnphcane 60000) Chennal India
Phone +91-44-8326838551004
Fax +91-44-8547092

Grace Enterpnse
A 1 Patel Est Pratapnagar Rd 390004 Baroda India
Phone +91-265-541842

Planeta Engmeenng Co
2A Baldota Bhavan, 117 Queen's Rd Churchgate
400020 Mumbm India
Phone +91-22-293777

DumpersBm

Abeo Plastics
24/B Nelson Mamckam Rd AmmJlkaral 600029
Chennal, IndIa
Phone +91-44-4838810,4838473
Fax +91-44-4838810

Domacles Engmeenng Pvt Ltd
2141 Cross Phase-Ill Peenya 560058 Bangalore,
India
Phone
Fax

Vescon Industnes
Plot No 480 (B), Indl Area, Phase-Iv Peenya
560058 Bangalore, IndIa
Phone +91-80-8391055
Fax +91-80-8395082

Planeta Engmeenng Co
2A, Baldota Bhavan 117 Queen's Rd Churchgate
400020 Mumbal India
Phone +91-22-293777

FrUit and Vegetable Waxes

International Pharma & Industnal Wax Industries
AF-32,New Emprre Indl Est Kondl\ Ita Rd Andhen
(E), 400059 Mumbal,
India
Phone +91-22-8326825
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+91-11-6415056
+91-11-6474978

PackmgLmes

+91-44-6214555,6285880
+91-44-6268666

Planets The
7/8 Ratna Deep Ambolt Caeser Rd Andhen (W)
400058 Mumbal IndIa
Phone +91-22-6234942 6288408
Fax +91-22-6267298

Moerls IndIa Pvt Ltd
M-279 Part II Greater Kallash, 110048 New DelhI
IndIa
Phone
Fax

Inspection Roller Tables

Petro General EngIneerIng Works
43 Indl Est 490006 Bhllat, IndIa
Phone +91-788-3826988,3826989

Modem IndIa Enterpnses
61/1,Sree Aurobmdo Rd , Salkla, 711106 Howrah,
IndIa
Phone +91-33-6659322

Annapurna Engmeenng Pvt Ltd
B-18,Indl Est, 769004 Rourkela IndIa
Phone +91-661-7462

Llftmg/Handhng Eqmpment
Foldmg MIDI-Dolly
Fork Lift Attachment for Tractor

Bharat Mechamcal HOIsts & Co
206, AJmen Gate 110006 DelhI, IndIa
Phone +91-11-32391983232726

ASIan Cables &. IndustrIes Ltd
Ceat Mahal, 463 Dr AnnIe Besant Rd Worh,400025
Mumbal IndIa
Phone +91-22-4937244
Fax +91-22-4930206

Elektromag Methods
Blk No 7 3rd FI 402, Prabhadevi Indl Est Veer
Savarkar
Marg Prabhade\ 1 Indl Est 400025 Mumbal IndIa
Phone +91-22-42269534302558

Prakash Industrial AgenCies
Off Lohar Chaw152/58 Babu Genu Rd 400002
Mumbal IndIa
Phone +91-22-20161074953267

Speed-N-Telecontrols (IndIa) Ltd
107 Mamta House S V Rd Bandra (W), 400050
Mumbal IndIa
Phone +91-22-41302206441180

Fax +91-22-6400359

Pallet Jack

Not avaIlable

Cosmo InternatIOnal
W-115-A, 3rd Avenue, Anna Ngr, 600040 Chennal,
IndIa
Phone
Fax

K U Sodalamuthu & Co Pvt Ltd [Image]
428,Mettupalayam Rd , 641043 COImbatore, IndIa
Phone +91-422-441223441805,438346
Fax +91-422-431279,855-8514 kus m

ModI Traders
829,Mettupatayam Rd , 641002 COImbatore, IndIa
Phone +91-422-4136192471029
Fax +91-422-445403

IndIan Packagmg Machmenes
I-15,DLF Indl Area Phase-I, 121001 Fandabad IndIa
Phone +91-129-276112278737
Fax +91-129-274518

Globe Packers
4, Shree Sita Ram MIlls Compound Tantla Indl N M
JOShI, Lower Parel,
400011 Mumbal IndIa
Phone +91-22-30997983085452
Fax +91-22-3085452

Rotan Tables

Lokesh Machmes Ltd
B-29 EEIE Stage 2 Balanagar 500037 Hyderabad
IndIa
Phone +91-40-278450278543
Fax +91-40-278274

J P MachIne Tools
Dhole\\al Cho\\k G T Rd V1111er Ganj 141003
Ludhlana IndIa
Phone +91-161-531156

Ishwarluupa Mouldmg Works
Behmd P T C Near Dealalt Slfemlc Ajl Vasahat
360003 RaJkot IndIa
Phone +91-281-82913

•
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Vmyoflex Ltd
Silver Chrnbrs 307 Tagore Rd 360002 Rajkot India
Phone +91-281-41312994131692
Fax +91-281-449548

I P A Pvt Ltd [Image]
472/B2 Peenya Indl Area Phase-IV 12th Cross
560058 Bangalore India
Phone +91-80-8395851,8395853
Fax +91-80-8396820

Fax +91-22-4924367

•

PromIses Marketmg
107/1, 2nd F1 Park St, 700016 Calcutta India
Phone +91-33-2978412016280
Fax +91-33-408067

TamIl Nadu Scale Industnes
166 Broadway 600108 Chennal India
Phone +91-44-517096 5223259

Avery India Ltd
1 Ansan Rd , Darya Ganj 110002 Delhi India
Phone +91-11-3277958

Water Dump

PH Products Co
313 Model House, 6-3-456/A/1 Punjagutta 500082
Hyderabad IndIa
Phone +91-40-3323265,274897
Fax +91-40-3319840

Matenals Research Instruments
63, Mlttal Court, B-Wmg, Nanman Pomt, 400021
Mumbal, India
Phone +91-22-2830298,2852734
Fax +91-22-2852301

Netel Chromatographs
LIberty Bldg ,Srr V Thackersey Marg 400020
Mumbm IndIa
Phone +91-22-5343361 5343279
Fax +91-22-5346433

Water QualIty Analyses EqUipment

Not avaIlable

Chapter 5

MAP Film or Resm Manufacturers

Puneet Polypack Pvt Ltd
25, Nawal Klshore Rd, 226001 Lucknow, IndIa
Phone +91-522-245258

UnIted PlastIcs Corp
162, Gala No 3 Janta Indl Est Compound S B Marg
(South) Lower
-Parel 40001.5 Mumbal Inala
Phone +91-22-4926261

Ba2gmg EqUIpment

Buch PlastIcs &. Packagmg Pvt Ltd
2) Blpl Park Soc Nr Anhant "Ngr Mernnagar
3800)2 Ahmedabad IndIa
Phone +91-79 7475407

VIvega Engmeers
143 C 1\a"a India Rd Peelamedu 641004
COlmbatore India
Phone +91-422-571698

Modem PlastIc Packmg Proaucts
123/377 Fazalgan], 208012 Kanpur IndIa
Phone +91-512-295446
Fax +91-512-295446

Lyncd PlastIcs Pvt Ltd
NSE Est POBox 9015 Goregaon (E), 400063
Mumbal IndIa
Phone +91-22-8735357
Fax +91-22-8733628

Bag Sealers

Vlvega Engmeers
143-C,Nava IndIa Rd, Pee1amedu, 641004
COimbatore, IndIa
Phone +91-422-571698

Modem Plastic Packmg Products
1231177 Faza1gan], 208012 Kanpur India
Phone +91-512-295446
Fax +91-512-295446

Lyncd PlastIcs Pvt Ltd
NSE Est POBox 9015,Goregaon (E) 400063
Mumbal IndIa
Phone +91-22-8735357
Fax +91-22-8733628

Uthra Packs
QureshI Ngr Kurla (E) 400070 Mumbal India
Phone +91-22-5528689

Bags, Paper

~afepacl\.Piasuc~ PVl Lid
7th MIle Bannerghatta Rd 560076 Banga10re India
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Phone
Fax

+91-80-643523
.,.91-806637520

Fax +91-33-2424998

+91-44-6257260
+91-44-6257260

+91-79-461202,461472
+91-79-6423627

T P I IndIa Ltd
102 Atlanta Nanman Pomt 400021 Mumbal IndIa
Phone +91 22-28730872873088
Fax +91-22-2874479

Hmdustan Packers
2E, Electronic Centre, 1I14,Blplabl Ankul Chandra
St,700072
Calcutta, India
Phone +91-33-265131267413

Package India
4-A (NP), Mathlazhakan Ngr , Kubera Ganapathy,
St ,Padl 600050 Chennal
IndIa
Phone
Fax

Bags, Plastic

Mamsh Packagmg Pvt Ltd
2, Navchetan Soc ,Opp Knshlmangal Hall, Rmg Rd,
395001 Surat, India
Phone +91-261 872319,872325
Fax +91-261-872709

Impulse Enterpnse Pvt Ltd
31 Omkar House, Navarangpura 380009 Ahmedabad,
India
Phone
Fax

Lakshmans Plastics Pvt Ltd
1st FI 21/23,Mohatta Mkt Palton Rd Fort, 400001
Mumbal, India
Phone +91-2226166572614992
Fax +91-22-2616875

Bags, Net

Pnnce Plastic Products
10761 Jawahar '-gr 208012 Kanpur IndIa
Phone -,-91-)12-)4077,

Netlon India (DIY of Parry &.. Co Ltd)
201/202 Regent To\\er Race Course CIrcle 390007
Vadodara India
Phone +91-265-326223 313683
Fax +91 26)-339352

QualIty Packagmg
16th FI 10,Camac St, 700017 Calcutta, India
Phone +91-33-24918022148339

Modem PlastIc Packmg Products
123/377 Fazalganj 208012 Kanpur IndIa
Phone +91-512-295446
Fax +91-512295446

Bo'tes - Berry Boxes

Kaven Wood & Card Contamers
287,Indl Area, Phase-IV,Peenya, 560058 Bangalore
India
Phone +91-80-83962093372498

Hmd Process Pvt Ltd
63,Tnphcane High Rd 600005 ChennaI, India
Phone +91-44-8546082

Pack Woods
224,M T H Rd ,PadI, 600050 ChennaI, IndIa
Phone +91-44-69631606963193

Naslk Wood Packers Pvt Ltd
F-52 MIDC,Ambad, 422010 NasJk, India
Phone +91-253-22128

PAMane&Co
23l/C Lalbaug Dr S S Rao Rd , Tandepal Lane Parel
400012 Mumbal
India
Phone +91-22-4132466

Umted Box Manufactunng Co Pvt Ltd
86,MIDC Satpur, 422007 NasJk, India
Phone +91-253-350782

Bharatl Box Mfg Co
T-56 MIDC Bhosan, 41 1026 Pune, India
Phone +91-212-792830 79283 I
Fax +91-212-792832

Box Pack Paper Co
J-440 MID C Bhosan 41 1026 Pune India
Phone +91-212-792151,792279
Fax +91-212-792636

Brocolh Buncher

Not avaJiable

Ethylene Absorber Sachets

Not available

FrUIt Protector Trays

•
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Fag Fog FIzzer Foam Pvt Ltd
VIII Desu MaJra,P 0 Kharar DIStt Ropar
Mohah IndIa
Phone +91-172-5259

KrIshna Dye-Chern
Opp Baranpura Petrol Pump, Behmd WadIshak
Mkt ,Pratap Ngr Rd,
390004 Baroda IndIa
Phone +91-265-540496

Phone +91-484-354402

140001

+91-7104-3721037451
+91-7104-37573

+91-22-5603491,4148083
+91-22-5603491

•

Jolly Contamers
3, Sona Udyog Bhavan Andhen (E), 400069 Mumbal
IndIa
Phone +91-22-8323253

Mlitech IndustrIes Pvt Ltd
F-2711 MIDC Indl Area, Hmgna 440016 Nagpur
India
Phone
Fax

Wonderpack Industnes Pvt Ltd
Plot No 25/2/2 MIDC Satpur 422007 NasIk IndIa
Phone +91-2<;3-351080
Fax +-91-253-350949

Insulated Pallet Covers

Sudarsan EqUlpments Pvt Ltd
C-35lndl Est ,Gumdy, 600032 Chennal IndIa
Phone +91-44-2341968,2335366
Fax +91-44-2349011

Y S Patrawala & Co
162-A,MumbadevI Rd , 400002 Mumbal IndIa
Phone +91-22-3437094,3446011

Kaven Wood & Card Contamers
2871ndl Area, Phase-IV,Peenya 560058 Bangalore,
IndIa
Phone +91-80-8396209,3372498

Shree Sakthl AgenCIes
58,Josler St Nungambakkam, 600034 ChennaI, IndIa
Phone +91-44-8274819,8276921

Pads/Foam Paper

Shreenath Packagmg IndustrIes
C-l 285 Phase-I G I D C Est Naroda, 382330
'\hmedabad India
Phone +91-79-811293817402

Kaypee Paper Industries Pvt Ltd
3rd Fl 811 Lalbazar St, 700001 Calcutta IndIa
Phone +91-33-2204727
Fax +91-33 2430244

Super Packagmg Industnes
39/3128,RavlpJram 682016 Cochm IndIa

Diana Foams Pvt Ltd
Indl Est, 757043 RaIrangpur, IndIa
Phone +91-6794-2471 2472
Fax +91-6794-2474

Polyethylene Pallet Covers

Sudarsan EqUipments Pvt Ltd
C-35 Indl Est Gumdy 600032 Chennal India
Phone +91-44-23419682335366
Fax +91-44-2349011

Y S Patrawala & Co
162-A MumbadevI Rd , 400002 MU'llbal, IndIa
Phone +91-22-3437094,3446011

Shree Sakthl AgenCIes
58,Josler St , Nungambakkam, 600034 Chennal IndIa
Phone +91-44-8274819,8276921

Shrmk Wrap EqUIpment

CD Corp
Somalya House,Nr AnJam Kumar Indl Est, Sonapur
Rd Bhandup (W),
400078 MumbaI, IndIa
Phone +91-22-5614630,5134682
Fax +91-22-5649586

Pac WeI EqUlpments
233, Gobmd Udyog Bhavan Bal RaJeshwar
Rd ,Mulund, (W), 400080 MumoaI,
IndIa
Phone
Fax

R R InternatIOnal
Ground Fl , Umt No A/4,Shah & Nahar Indl Est Dr
E Moses
Rd Worh Naka 400018 Mumbal IndIa
Phone +91-22-49316156268118
Fax +91-22-4931505

Staplers

Bhavna Enterpnse
803,Anand Indl Cmplx Nr C Cly Opp Ashok MIll
Naroda Rd 380025
Ahmedabad, India

POSTHARVEST TECHNOLOGIES FOR FRUIT AND VEGETABLE MARKETERS
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Kanm (I) Pvt Ltd
Indl Plot No 79,Sect -25, 121004 Fandabad IndIa
Phone +91-129-233369,233370
Fax +91 1292311183

Phone +91-79-375118,375118 Datta Air System Pvt Ltd
6 Sandeep Indl Est I B Patel Rd Goregaon (E)
400063 Mumbal India
Phone +91 22-8735860
Fax +91-22-8728418

+91-22-8730388
+91-22-8730388

+91-212-361109
+91-212-331250

AnkIt InternatIonal
Umt No 125, SanJay Bldg, No 6 Mittal Indl Est SIr
M V Rd ,Andhen
(E), 400059 MumbaI, IndIa
Phone +91-22-8502536,8593867
Fax +91-22-8593868

Rays Engmeers
Nlrmal Rubber Compound,I B Patel Rd ,Goregaon (E),
400063 Mumbal
IndIa
Phone
Fax

Aadhumc Enterpnses
1st FI, 3796/l04,Chawn Bazar, 110006 DelhI, IndIa
Phone +91-11-2915242,2933166
Fax +91-11-2912128

Al Packagmg
123 VyaparBhavan, 49 P D'Mello Rd, Carnac
Bunder 400009 MumbaI, IndIa
Phone +91-22-3762434,3720420
Fax +91-22-3756043

Interlammates
17 Ravi Indl Est ,Off Mahakah Caves, Rd , Andhen
(E) 400093
MumbaI, IndIa
PhOne +91-22-8346442 m29926
Fax +91-22-8378981

Sonal AdhesIves Ltd
2-NE Laxrru Indl Est New Lmk Rd Andhen (W)
400053 Mumbal IndIa
Phone .,-91-22-6264252 6324041
Fax -91-22 6321675

Chaoter 6

.\u-Exhaust DoorslLouvers

B A Enterpnse
South Stn Rd, Agarpara 743177 24 Parganas (N)
India
Phone +91-33-5534293

Umted AIr Control
Chpwala Compound,Nr L & T SakI-VIhar Rd Powal
400072 Mumbal IndIa
Phone +91-22-8521126,8521044
Fax +91-22-5791044

Cool-and-Shlp (Mobile Cooler) Plans

Not avaIlable

Evaporative CoolIng Pads

Metro RefngeratIon Industries
D-35,Indl Area, Meerut Rd , 201003 Ghaziabad IndIa
Phone +91-575-712176

A S InternatIonal
16, Corom Hse ,Ropewalk Lane,Fort 400001
MumbaI, IndIa
Phone +91-22-272273

Umted Sales Corp
Ravl Shaslu Soc, TIlak Rd Santacruz (W) 400054
Mumbal, IndIa
Phone +91-22-6491822

M-Sun Systems
5, Sarvadarshan Soc ,Opp Saraswat Bank Karve Rd
Nal Stop 411004
Pune, IndIa
Phone
Fax

Forced-AIr CoolIng Pads

Coolmg Tower Corp
40-B GIDC Makarpura 390010 Baroda IndIa
Phone +91 265-324015

AIr Fndge IndustrIes
10/65 Indl Area KIrll Ngr 110015 New DelhI IndIa
Phone +91 11-5319096461972
Fax +91-11 5436781

Hvdro-Coolers

Super Coolers
Arora Bhawan Opp Panmal Garden PolIce Chov. k)
Ambav.adl Bazar,
380006 Ahmedabad IndIa

•
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+91-80-839371 I 8394361
+91-80-8395343•

Phone +91 79-6442400

Freeze Tech
52 Nehru Ngr Kottlvakkam VIllage 600041 Chennal
India
Phone +9 I-44-49257 I I

RajnIsh A C Products
76-B Indl Area Rachhal 482009 Jabalpur India
Phone +91 761-3676833
fax +91-761 3631182

Kool Pack
Opp ESIDlspanSIrY 80 Feet Rd Rambagh 208012
Kanpur India
Phone +91-512255083

Olympus Refngeratlon
POBox 1006 Yeyyadl Indl Est 575008 Manga10re
India
Phone +91-824-412285

HumidIfiers

C M EqUipments & Instruments (I) Pvt Ltd
B- I94,2nd Stage Peenya Indl Est 560058 Bangalore
India
Phone
Fax

COimbatore Aerodyne Pvt Ltd
Sf No 553,Avanashl Rd, Neelambur Post 641065
COimbatore India
Phone +91-422-620487488687

Artlc Corp
I Rlzvl Palace, Behmd Golden Door, HIll Rd Bandra
(W) 400050
Mumbal, India
Phone +91-22-6439647,6427589

Mansfield Industries
A-2 Swops Cmplx, Aundh, 41 1007 Pune, IndIa
Phone +91-212-443482323360
Fax +91-212-382540

Ice-Makers (3 to 6 TonlDay, Portable)

ASian Ice Factory
Opp S R P Head Quarters Near S T Workshop
Sajjpur Bogha 382330
Ahmedabad India
Phone +91-79-2813172 28191 IS

Deltech Engmeenng Pvt Ltd
140 3rd Fl Shant! Vlhar Cmplx Royalpettah High

Rd Mylapore
600004 Chennal, India
Phone +91-44-85433408541538
Fax +91 44-4997005

J K Enterpnses
A-13,DLF Indl Area, Phase-I, Mathura Rd, 121003
Fandabad India
Phone +91- I29-270868

The Ice Machmery Mart
37,Netajl Subash Chandra Marg Daryaganj 110002
New Delhi India
Phone +91-11-32714913269551
Fax +91-11 3271491

Ice Storage

ASian Ice Factory
Opp S R P Head Quarters Near S T Workshop
Sa]]pur Bogha, 382330
Ahmedabad I'1dla
Phone +91-79-2813172 2819115

Dashnesh Ice Factory
Opp S R P Head Quarters Nr S T Workshop, Sal]pur
Bogha,382345
Ahmedabad, India
Phone +91-79-2822171

Shree Patel Ice Factory
235 GillC Est 393002 Ankleshwar India
Phone +91-2646-21939

Neptune Refngeratlon Co Pvt Ltd
I53,Mount Rd, 600002 Chennal, India
Phone +91-44-8525393,8522422
Fax +91-44-8523387

The Ice Machmery Mar
37,Neta]1 Subash Chandra Marg, Daryaganj, 110002
New Delhi, India
Phone +91-11-3271491,3269551
Fax +91-11-3271491

InsulatIOn

Sureka Insulation & Packagmgs
510/512 Chetak Centre,12/2 R NT Marg, 452001
Indore India
Phone +91-731-4343626460049
Fax +91-731-434362

Dugar InsulatIOns India Pvt Ltd
Dugar Towers No 123,Marshalls Rd, Egmore 600008
Chennal India

POSTHARVEST TECHNOLOGIES FOR FRUIT AND VEGETABLE MARKETERS
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MIDI-Reefers

Apexa Enterpnses
Devi HeIghts 3rd Fl 269 Shamwar Peth 411030
Pune IndIa
Phone +91-212-458918,455233
Fax +91-212-453403

Apexa Enterpnses
DevI HeIghts, 3rd Fl 269,Shamwar Peth, 411030
Pune, IndIa
Phone +91-212-458918,455233
Fax +91-212-453403

Phone
Fax

+91-44-8553535,8554154
+91-44-8552244

Umted Sales Corp
Ravi Shashl Soc Tllak Rd Santacruz (W) 400054
Mumbal IndIa
Phone +91-22-6491822

Fnck IndIa Ltd
1st FI Jlvan Vlhar Bldg ParlIament St, 110001 New
Delhi, India
Phone +91-11-3360104,3735793
Fax +91-11-312610

Hmdustan RefngeratlOn Stores
2, 4 & 5,NetaJI Subhash Marg, DaryaganJ, 110002
New Delhi, India
Phone
+91-11-3271898,3277725 ,3277735,3288884,3288886
,7524672,7524873
Fax +91-11-3271152

+91-22-2691321,3452330
+91-22-2615434

+91 212-451895452887
+91-212-454787

Ondez (IndIa) Pvt Ltd
Bharucha Bldg, 144, Mody St ,Fort 400001 MumbaI,
India
Phone
Fax

Portable "Hydro-Chillers'

Not aVaIlable

RadIant Barriers (Screemng, ShadecIoth)

Jayshree Enterpnses
48,Adarsh Est, Chakudla Mahadeo Rd , Rakll1al,
380023 Ahmedabad, India
Phone +91-79-2748083
Fax +91-792747365

M HPolymers
3rd Fl Navdeep House Nr Income Tax Char, Rasta
Ashram Rd 380014
Ahmedabad, IndIa
Phone +91-79-6568870,6561744
Fax +91-79-6425439

Garware PlastiCS & Polyester Ltd
50-A Swamy Nltyanand Marg,VIle Parle (E), 400057
'vlumbal India
Phone +91-22-6346381 8380701
Fax +91-22-8380384

Refrigeration EqUIpment

A S InternatIOnal
16 Comm Hse Ropewalk Lane, Fort, 400001
Mumbal, India
Phone +91-22-272273

Chapter 7

C A EqUIpment

A S InternatIonal
16, Comm Hse, Ropewalk Lane Fort 400001
Mumbal, India
Phone +91-22-272273

Hmdustan RefngeratIon Stores
2,4& 5,NetaJI Subhash Marg, DaryaganJ, 110002
New Dell11 India
Phone
+91-11 3271898,3277725,,327773532888843288886
,7524672 7524873
Fax +91-11-3271152

Super RefngeratIon Pvt Ltd
2nd Fl Samrat Bhavan Comml Cmplx Ran]lt Ngr
110008 New DeIhl
India
Phone +91-11 57094445707695
Fax +91 11-5705905

Filters Scrubbers

Wrachets India
K 1 Indl Est 2nd Cross Rd Gumdy 600032 ChennaI
India
Phone -'-91-44-2341604

Southwest Compressor Technologies Pvt Ltd
201 Shlv-Parvatl Apts 1453 Shukrawar Peth 411002
Pune India
Phone
Fax

•
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+91-212-478992
+91-212478992

+91-22-3088032
+91-22-5643194

Hyderabad PollutIOn Controls Ltd
7-1-27 1st Fl Snmvasa Cmplx Ameerpet 500016
Hyderabad IndIa
Phone +91-40-290033
Fax +91-40-293624

Dyna FIlters Pvt Ltd
98/A5 Dyna Hse Hadapsar Indl Est 411013 Pune
IndIa
Phone +91-212-673705672772
Fax +91-212-677955

Filter-On (IndIa) Pvt Ltd
Maharashtra Sahltya Panshad Bldg, TI1ak Rd
Sadashlv Peth 411030
Pune, India
Phone
Fax

Fans, VentilatIon SHtems

B A Enterpnse
South Stn Rd Agarpara, 743177 24 Parganas (N),
India
Phone +91-33-5534293

Datta Air System Pvt Ltd
6 Sandeep Indl Est,I B Patel Rd , Goregaon (E),
400063 Mumbal, IndIa
Phone +91-22-8735860
Fax +91-22-8728418

Umted Air Control
Chpwala Compound Nr L & T SakI-Vmar Rd ,
Powal, 400072 Mumbal, IndIa
Phone +91-22-8521126,8521044
Fax +91-22-5791044

12 Volt EvaporatIve Coolers, Air CondItioners,
Cedmg Fans

Super Coolers
Arora Bhawan"Opp Parlmal Garden Pohce Chowky,
Ambawadl Bazar,
380006 Ahmedabad India
Phone +91-79-6442400

Ra]msh A C Products
76-B Ind1 Area Rachhal 482009 Jaba1pur IndIa
Phone +91-761-3676833
Fax +91-761-3631182

Khaltan EIectrlcals Ltd
Everest 20th FI 46-C 1 L Nehru Rd 700071
Calcutta IndIa
Phone +91-33-21443912478392

Fax +91-33-2423961

Berha Electrlcals Pvt Ltd
1826, Amarnath Bldg, Bhaglfath Palace Chandm
Chowk 110006 Delhi
India
Phone +91-11-2965085,2966099
Fax +91-11-2118046

Trac Alrcondltlomng Systems Ltd
38 1st Stage 1st Mam Domlur Layout 560071
Bangalore India
Phone +91-80-)5113935511617
Fax +91-805511392

Neptune RefngeratlOn Co Pvt Ltd
153 Mount Rd 600002 Chennal India
Phone +91-44-8525393 8522422
Fax +91-44-8523387

Advance Coolmg Systems Pvt Ltd
5 B Thacker Indl Est,N M loshl Marg, Lower Parel
(E), 400011 Mumbal
IndIa
Phone
Fax

Hygrometers (to measure RH)

Sunshme InternatIOnal Pvt Ltd
57,LIG KHB Cly Basaveshwarnagar, V1layanagar,
560079 Bangalore IndIa
Phone +91-80-3303292
Fax +91-80-3323357

SWitzer Instrument Ltd [Image]
P a Box 1423 14 Thamkachalam Rd T Ngr 600017
Chennal, India
Phone +91-44-43409994344321,4343956
Fax +91-44-4347887041-23049 SWlZ ill

Dynalab Weathertech Pvt Ltd
C-2 Bldg Brahma Memones, C-3,Bhosale Ngr
411007 Pune, India
Phone +91-212-327109327246
Fax +91-212-327246

Solar Powered Evaporative Coolers

S D Solar Systems India Pvt Ltd
11 Mamsh Bhawan Opp Thana ShaJahanabad
462001 Bhopal India
Phone -'-91-755-5360865163596
Fax +91-755-543310

Solker Industries Ltd
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Thermometers, TemperaturefRH Meters

37 Solker House, Jayalakslumpuram,lst, St ,
Nungambakkam 600034
ChennaI IndIa
Phone +91-44-82741428271819
Fax +91-44-8273435

Phone
Fax

+91-11-32732143278846
+91 11-3273214

+91-80-3320309,3325697
+91-80-3325697

Machmocraft
15/4A Opp Shankar Maharaj Temple, Vasudeo Est
411043 Pune, IndIa
Phone +91-212-522623,521457
Fax +91-212-520623

Serwell Instruments Inc
Sukruthl, 149 1st R Blk Chord Rd
560010 Bangalore
India
Phone
Fax

Rajajlnagar,

Solar Powered Fans and Storage Ventilators

S D Solar Systems IndIa Pvt Ltd
11 Mamsh Bhawan,Opp Thana,Shajahanabad,
462001 Bhopal IndIa
Phone +91-755-536086,5163596
Fax +91-755-543310

Solker Industnes Ltd
37 <iolker House JayalakshmJp1lf:t111,lst St,
Nungambakkam, 600034
ChennaI, IndIa
Phone +91-44-82741428271819
Fax +91-44-8273435

Machmocraft
15/4A,Opp Shankar Maharaj Temple, Vasudeo Est,
411043 Pune, IndIa
Phone +91-212-522623521457
Fax +91-212-520623

Temperature AlarmITlmers

Process Controls
C-304 1st Stage, 9th Cross Peenya Indl Est, 560058
Bangalore IndIa
Phone +91-80-83955713367650

M B Control &. Systems Pvt Ltd
31/1 Ahmpukt..r Rd 700019 Calcutta India
Phone' +91-33 2478475
Fax +91-33-2470445

Pan Systems
3 Anantalaya Bldg Sant Eknath Ngr Blbwewadl
411037 Pune, India
Phone +91-212515044517673
Fax +91-212517085

Temperature Recorders

Japsm Products IndIa
7 Netajl Subhash Marg Darya Ganj 110002 New
DeIhl, India

Blo-Tech IndIa
109,MahIm Indl Est Mon Rd MahllTI 400016
Mumbal, IndIa
Phone +91-22-4463076

Sunshme InternatIOnal Pvt Ltd
57,LIG KHB Cly, Basaveshwamagar VIjayanagar
560079 Bangalore, IndIa
Phone +91-80-3303292
Fax +91-80-3323357

SWItzer Instrument Ltd [Image]
POBox 1423,14, Thamkachalam Rd, T Ngr 600017
ChennaI, IndIa
Phone +91-44-4340999,4344321,4343956
Fax +91 44-4347887,041-23049 SWIZ m

Japsm Products IndIa
7,NetajI Subhash Marg, Darya Ganj 110002 New
DeIhl, IndIa
Phone +91-11-3273214,3278846
Fax +91-11-3273214

Modular Pre-Fab Cold Rooms

IndustrIal RefngeratIOn Pvt Ltd
901, Maker Chambers V
Nanman Pomt, Mumbal 400 021 Maharashtra
Phone +91-22-204-1183/85/89/287-2363/79
Fax +91-22-204-4944
E-Mail allstate finance({/)gems \ Sill net 111

Chapter 8

Ice-Packs, Ice Wraps, Freezable Gel-Filled or
Water-Filled Bags "Cool Guard"

Spectrum Machmery Manufacturers Pvt Ltd
1510 Maker Chmbr V Nanman Pomt 400021
Mumbal IndIa
Phone +91 22-2823131 2823125
Fax +91-22-2047340

FUSIOn Polymers Ltd
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+91-22-4360093
+91-22-3431935

+91-22-5171491,5173001
+91-225J'71495

9th FI Corom Centre SayaJlganJ 390005 Vadodara
India
Phone +91 265-337035
Fax +91-265-333557

ASian Ice Factory
Opp S R P Head Quarters Near S T WorJ...shop
SanpurBogha 382330
Ahmedabad, India
Phone +91-79-2813172 2819115

Loadmg GUide

Not aVailable

TemperaturelHumldIh Data Loggers

Japsm Products India
7 NetaJI Subhash Marg, Darya Gan], 110002 New
Delhi India
Phone +91-11-32732143278846
Fall. +91 11-3273214

ThuMal Electromcs
38l-A 3rd FI Narottam Wadi Kaibadevi Rd 400002
Mumbal India
Phone +91-22-2053765,2061266
Fax +91-22-2083118

Therma-Cover

Earthfield Products (Bombay)
New ExcelsIOr Bldg, 6st FI ,5 A A K Nayak Marg
P a Box 1148 Fort,
400001 Mumbal India
Phone +91-22-2049106
Fax +91-22-2042467

Hmdustan Composites Ltd
L B Shastri Marg, Ghatkopar (W) 400086 Mumbal
India
Phone
Fax

Lloyd InsulatIOns (IndIa) Ltd
6 MIddleton 8t 700071 Calcutta India
Phone +91-33 24016062475479
Fax +91-33-2402629

Sureka InsulatIOn & Packagmgs
510/512 Chetak Centre 12/2, R N T Marg 452001
Indore IndIa
Phone +91-731 434362,6460049
Fax +91-731-434362

Transport SerVIces

Andhra Bombay Road\\ ays
94,Khanna Mkt St Stephen Hosp TIS Hazan 110054
Deihl IndIa
Phone +91-11-25265012512483
Fax +91 11-2924131

Reliable Carners Pvt Ltd
A-6 Koh E-FIza Indore Rd 462001 Bhopal India
Phone +91-755-540721
Fax +91-7::>5-540442

Road Transport Corp
2 Braboume Rd 700004 Calcutta India
Phone +91-33-304840

Venson Transports
716 Anna Salal 600006 Chennal India
Phone +91-44-85220198520298

Chapter 9

Automatic ChlOrIne Dispenser

Top Exports Pvt Ltd
Salman House,J A Raul St Off Saam Rd
Prab~adevI, 400025 Mumbal
IndIa
Phone
Fax

Kelleys Engmeenng Warks
24B/6Indl Area, 121001 Fandabad IndIa
Phone +91-129-28332512833261
Fax +91 129-241912

FungICides

J M Chemical Co
209 Tllak Bazar Khan Baoh 110006 Delhi India
Phone +91-11-25299222929933
Fax +91-11-2929933

Ramachandra Pesticides Pvt Ltd
29/2,4th Mam New Taragupet, 560002 Bangalore,
India
Phone +91-80-603476608390
Fax +91-80-6603728

Venkateswara Agro Chemicals &. Mmerals Ltd
37-F,Velachery Mam Rd 600042 Chennal India
Phone +91-44-2350072

Spravers, Knap-sack, Backpack

Agro EngIneers &. Traders
3 A-2 K K Pudur Rd Velandlpalayam Post 641025
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+91-44-49915184992115
+91-44-4991777

+91 80-3343428,3340391
+91 80-3342494

+91 22 41303994133822
+91 22 4135638

COlmbatore IndIa
Phone -'-91-4224439254111691

Amencan Spnng &. Pressmg Works Ltd
POBox 7602 Aspee House B J Patel Rd Malad
(W) 40006~ Mumbal
IndIa
Phone +91-22-6822331
Fax +91-22-6822336

Masand Agro EqUlpments IndustrIes
70,Shastrl Mkt , 452007 Indore, IndIa
Phone +91-731-6481379,470015

Navlakha Agro EqUlpments
38,Shankar Sheth Rd 411037 Pune, IndIa
Phone +91-212-541235,545788
Fax +91-212-425877

Sulfur DlO~IdePads

Jaysons ChemIcal IndustrIes
SakI VIhar Lake Rd, Sakmaka, 400072 MumbaI, IndIa
Phone +91-22-8522704,5783208
Fax +91-22-5786507

Tarmlnadu ChemIcal Products Ltd
TCP Sapthagm Bhavan 1O,Karpagambal Ngr
Mylapore, 600004 Chennar
IndIa
Phone
Fax

Chapter 12

CItrus Peeler/Corers

Avanashiappan IndustrIes
78-A Chekkanthottam South Rly Lme, Ganapathy,
641006 COImbatore
IndIa
Phone +91 422-437871

Eqmpmart
1116 Kamal ManSIon Near RadIO Club Arthur
Bunder Rd Colaba 400005
J\lumbar Indld
Phone +91 22-2041355

Raylons Metal Works
J B Ngr Ramknshna Mandlr Rd , Andhen (W)
400059 Mumbal IndIa
Phone +91 22-8323288,8325932
Fax +91-22 6236062

Custom FrUltNeg Fresh-cut EqUIpment Vegetabl~

EqUIpment

Not avaIlable

Avanashlappan Industnes
78-A Chekkanthonam South Rly Lme Ganapathy
641006 COlmbatore,
IndIa
Phone +91-422-437871

EqUlpmart
1/16, Kamal ManSIOn Near RadIO Club Arthur
Bunder Rd Colaba 400005
Mumbal IndIa
Phone +91 22-2041355

Raylons Metal Works
J B Ngr Rarnknshna Mandrr Rd , Andhen (W)
400059 Mumbal, IndIa
Phone +91-22-83232888325932
Fax +91 22-6236062

Freshness Labels (TIme-Temperature IndIcators)

AnadIg Systems
B 214,Shreyas Indl Est Western Express, HIghway
Goregaon (E) 400063
Mumbar IndIa
Phone +91-22-87356548732236

Century Systems
27/1,2nd Mam Rd, Seshadnpuram 560020 Bangalore
IndIa
Phone
Fax

Control & Measurement ServIces
Sharada Cmema Bldg 172 Nalgaum Cross Rd
Dadar 400014 Mumbal
IndIa
Phone
Fax

Packmg/Sortmg Tables

Narang s Corp
P-2) Connaught Place 110001 Nev, DelhI IndIa
Phone +91 11 343)47
Fax +91 11-374670)

Planets, The
7/8, Ratna Deep Amboll Caeser Rd Andhen (W)
400058 Mumbal IndIa
Phone +91 22 62349426288408
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•

Fax +91-22-6267298

Micro Machmery Co p\ t Ltd
Lake Rd , Bhandup (W), 400078 Mumbal, India
Phone +91-22-5619818
Fax +91-22-5645134

Rameshwar Engg Works
81 Ground Fl A-Blk Bangur Avenue 700055
Calcutta India
Phone +91-33-5500398 5517351
Fax +91-33-)517929

_SublllLPackmg Mqchmes Pvt Ltd rImage1
B-2 Ground Fl BIJlee Soc Opp Bomba\ Forgmg C
S T Rd Kalma
400098 Mumbal India
Phone +91-22-6178312,6178313 6178314
Fax +91-22-6178314

Shredders

Avanashlappan IndustrIes
78-A, Chekkanthottam, South Rly Lme, Ganapathy,
641006 COlmbatore,
IndIa
Phone +91-422-437871

EqUlpmart
1/16, Kamal ManSIOn, Near Radio Club, Arthur
Bunder Rd ,Colaba, 400005
MumbaI, IndIa
Phone +91-22-2041355

Raylons Metal Works
J B Ngr ,Rarnknshna Mandrr Rd Andhen (W),
400059 MumbaI, IndIa
Phone +91-22-83232888325932
Fax +91-22-6236062

Avanashiappan IndustrIes
78-A Chekkanthottam South Rly Lme Ganapathy
641006 COlmbatore
IndIa
Phone +91-422-437871

Eqmpmart
1/16, Kamal ManSIOn Near RadiO Club, Arthur
Bunder Rd Colaba, 400005
Mumbal IndIa
Phone +91-22-2041355

Raylons Metal Works
J B Ngr Ramknshna Mandlr Rd Andhen (W)

400059 Mumbal India
Phone +91-22-83232888325932
Fax +91-22-6236062

Spmners/Spm Driers

Raylons Metal Works
J B Ngr Rarnknshna Mandlr Rd Andhen (W),
400059 Mumbal India
Phone +91-22 83232888325932
Fax +91-22 6236062

SSP Pvt Ltd [Image]
19 DLF Indl Area, Phase-II 13/4 Mathura Rd
121003 Fandabad IndIa
Phone +91-129-275441277730 274213
Fax +91-129-277441 91 11-6847665

StriP Cutters

Bell Tools Pvt Ltd [Image]
87,Nagdevl Cross Lane, 400003 MumbaI, IndIa
Phone +91-22-3428955,3428956 3428957
Fax +91-22-3421460

Godson Engmeermg C01P
Dhebar Rd (S), 360002 RaJkot, IndIa
Phone +91-281-362467,361449
Fax +91-281-361873

Sornavmayagha Engmeers Pvt Ltd
24,T H Rd, 600081 ChennaI, IndIa
Phone +91-44-5956015,5956475

Gupta Tradmg Co
Marshall House, R No 361, 33/l,N S Rd, 700001
Calcutta, IndIa
Phone +91-33-22079892209264
Fax +91-33-2206274

SterilIzatIOn Control Systems (Chlorme)

B I IndustrIes
Flat No 912A 9th Fl Raghava Ratna Towers,Chlrag
AlI Lane Ablds
500001 Hyderabad India
Phone +91-40-2C33542C311O
Fax +91-40-201785

Raylons Metal Wor1..s
J B Ngr Ramknshna Mandlr Rd Andhen (W), 400059
MumbaI, India
Phone +91 22-83232888325932
Fax +91-22-6236062

Wash Tank Com e\ ors
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+91-651 408241,311136
+91-651-409107

NatIOnal Indl Corp
52/53C AncIllary Indl Area Haha 834003 Ranchl,
India
Phone
fax

Ndos India P" t Ltd
II ,Manohar Avenue,Egmore, 600008 Chennal, India
Phone +91 4482615218267601
Fax +91-44 8267823

Chapter 13

Almond Hulhng/Drymg

Parmar Iron Works
Nr New Bus Stand,Jasdan, 360050 Ra]kot, India
Phone +91-2821-20300,20191
Fax +91-2821-365240

Patel Brothers Services & Engg Pvt Ltd
6 Elphmstone Bldg, 3rd Fl 10 Vir Nanrnan,
Rd Fort 400001
Mumbal India
Phone +91-22-2041072 2044295
Fax +91-22-2049178

Raylons Metal Works
J B Ngr Ramknshna Mandrr Rd Andhen (W), 400059
Mumbal, India
Phone +91-22-8323288,8325932
Fax +91-22-6236062

21,2nd Lme Beach 600001 Chennal, India
Phone +91-44-5221130

Electric Food Drier

Food Tech Engmeers
7/8, Ratnadeep Caesars Rd Andhen (W), 400058
Mumbal India
Phone +91-22-6269106

SSP Pvt Ltd [Image]
19, DLF Indl Area Phase-II, 13/4, Mathura Rd,
121003 Fandabad, India
Phone +91-129-275441,277730,274213
Fax +91-129-277441,91-11-6847665

Raylons Metal Works
J B Ngr ,Ramknshna Mandrr Rd Andhen (W), 400059
Mumbal India
Phone +91-22-8323')88,8325932
Fax +91 22-6236062

Glass and PlastIc Bottles and Jars

A]anta Packagmg Co
313, 3rd Fl , 4/1 ,D B Gupta Rd ,Pahargan], 110055
New Delhi India
Phone +91-11 7529420,731589
Fax +91-11 7529420

Bharat Bottle Stores
105 Nymappa Nalcken St, 600003 Chennal, India
Phone +91-44-5353873

•
Bottle House
401, Adam]1 Bldg, 413 Narshl Natha St Mas]ld
Bunder, 400009 Mumbal

SSP Pvt Ltd [Image]
19 DLF Indl Area,Phase-II,13/4 Mathura Rd,
121003 Fandabad India
Phone +91-129-275441,277730,274213
Fa~ +91 129-27744{ 91-11-6847665 Indld

Phone +91-22-34390243439068

-r91-22-8384344
+91-22-8374344

+91-22-3757846,3630338
+91-22-3719821

Apple Parer/Corer

Marlex Products Pvt Ltd
17 18 Navketan Indl Est Mahakab Caves
Rd Andhen (E) 400093
\-lumbal India
Phone
Fax

Sunnlt Industries
15 Baba Mandlr Gausala 3rd BhOlwada
Lane,Bhuleshwar 400002 Mumbal
India
Phone
Fax

A R V Engmeenng Industnes Pvt Ltd

Alphacon Contamers Pvt Ltd
Ground Fl 12,Bhola Bhagwan Indl Est I P Patel
Rd Goregaon (E),
400063 Mumbat India
Phone +91-22-8730757372718)
Fax +91-22 8723965

Jmdal Plashcs
E-74 Sardar Patel Indl Est A]\\a Rd No 3 390019
Baroda, India
Phone +91 265-66445

Nampack Plashcs Pvt Ltd
322,Creanve Indl Est ,N M Joshi Marg,Lower Parel
400011 Mumbat,
India
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Chapter 14

Mold Tek Plastics Ltd
303 7-1-27 Snmvasa Cmplx C-Blk Ameerpet
500016 hyderabad India
Phone +91-40-290443
Fax +91-40-291834

Phone
Fax

+91-22-3079483,3066616
+91-22-3066616

Fortune InternatIOnal Ltd
C-2,Comm Centre, Narama Vlhar 110028 New Delhi
India
Phone +91-11-5794211
Fax +91-11-5794948

L-Pack
Suryodaya, 1st Fl , 1-10-60/3 Begumpet 500016
Hyderabad India
Phone +91-40-848933,840301
Fax +91-40-847793

+91-22-3079483,3066616
+91-22-3066616

Metal Contamers

Not avaIlable

Plastic (PET) ContaIners

Nampack Plastics Pvt Ltd
322,Creatlve Indl Est,N M Joshi Marg, Lower Parel,
400011 Mumbal
India
Phone
Fax

Mold-Tek Plastics Ltd
303 7-1-27 Snmvasa Cmplx, C-Blk Ameerpet
500016 Hyderabad, India
Phone +91-40-290443
Fax +91-40-291834

Rock Pet Chem Pvt Ltd
1, 4th FI , Rowdon St, 700017 Calcutta IndIa
Phone +91-33-2402891,2404288
Fax +91-33-2404288

Sunnse Contamers Pvt Ltd
2-E 2nd Fl, C Wmg, Satam Indl Est, B/h Bank, of
Baroda Chakala Andhen (E), 400099 MumbaI, IndIa
Phone +91-22-8321961,8352471
Fax +91-22-8369920

Glass ContaIners

Excel Glasses Ltd
PanJat House 2nd Fl 1076 Apte Indl Est Dr E
Moses Rd Worh
400018 Mumbal India
Phone +91-22-49330504920611
Fax +91-22-4937743

Bottle Capper

Not aVaIlable

BottlIng EqUipment

Master Mechamcal Work.s The
Pushpan]ah S V Rd Santacruz (W) 400054 Mumbal
India
Phone +91-22-64934596491680 6490619
Fax +91-22-6494751

PhaTffialab Engmeermg (1) Pvt Ltd
Star Metal Compd, L B S Marg, Vlkhroh (W), 400083
Mumbal IndIa
Phone +91-22-57825595785631
Fax +91-22-5785329

Chapter 17

Bags (Plastic, Cotton, Paper)

Safepack Plastics Pvt Ltd
7th MIle, Bannerghatta Rd , 560076 Bangalore India
Phone +91-80-643523
Fax +91-80-6637520

T P I IndIa Ltd
102, Atlanta, NarIman Pomt, 400021 Mumbal, India
Phone +91-22-2873087,2873088
Fax +91-22-2874479

Package Indta
4-A (NP), MathIazhakan Ngr Kubera Ganapathy St
PadI, 600050 Chennal
IndIa
Phone +91-44-6257260
Fax +91-44-6257260

Mamsh Packagmg Pvt Ltd
2, Navchetan Soc, Opp Knshllllangal Hall Rmg Rd
395001 Surat, India
Phone +91-261-872319,872325
Fax +91-261-872709

Impulse Enterpnse Pvt Ltd
31, Ornkar House,Navarangpura, 380009 Ahmedabad,
India
Phone +91-79-461202461472
Fax +91-79-6423627
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Lakshmans Plastics Pvt Ltd
1st Fl 21/23 \1ohatta Mkt Palton Rd Fort 400001
Mumbal India
Phone +91 22-26 I6657 2614992
Fax +91 22-2616875

Howrah MJ11s Co Ltd
135 Foreshore Rd (S) 711102 Howrah India
Phone +91-33 66014466602302
Fax +91-33-6601447

Canopies and market umbrellas

+91-22-37158423712594
+91-22 3712488

Adltya Multlwal Sacks Pvt Ltd
203 Mldford House 1 Mldford Garden M G Rd ,
560001 Bangalore India
Phone +91-80-5583887,5583888
Fax +91-80-558.:>203

Bag Maker
G-29 Vardhman Tower, Corom Centre VIkaspun,
110018 New Delhi India
Phone +91-11-5590429,5622985
Fax +91-11-5503804

Madura Industrial Textiles
New lad Rd 625001 Madural India
Phone +91-452-26751
Fax +91-452-31330

NatIOnal Umbrella Mart
Anand Bhavan Shop No 12B 213 17 Babu Genu,
Rd ,Pnncess St 400002
MumbaI, IndIa
Phone +91-22-20188252050393

Vaspar Concepts Pvt Ltd
16Krn,Ivnv1I Indl ESt Old Madras Rd VIrgonagar
560049 Bangalore IndIa
Phone +91-80-8510118,8510364
Fax +91-80-8510438

South Indian Umbrella Mfg Co ..
23-A Jadamum KOlI St 625001 Madurm India
Phone +91-452-35615

400009 Mumbal
Ajlt Packmg Industries
184,Bhat Bazar Narsl Natha St
India
Phone
Fax

Hooghly MIlls Co Ltd, The
10, 3rd FI Chve Row 700001 Calcutta IndIa
Phone +91-33-2429801,2429790
Fax +91-33-2424306

Ethvlene Generators

Amba Chern IndustrIes
272,GIDC,Makarpura 390010 Baroda IndIa
Phone +91-265-442387

ThiS list has been compiled bv Ranjan Rawat
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