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The instant a crop is removed from the ground, or separated rate of decay increases 2-3 times.

from its parent plant it begins to DETERIORATE.

Broccoli 4 80°F

After five days at the correct temperature

www.atinadiffley.com

© 2015 Atina Diffley www.familyfarmed.org




Post Harvest Handling 2018
FamilyFarmed Training

H 1 .‘rCI-u (< ry
Resplratlon Rate :Ml.o- Dates, dried fruits and vegetablies, nuts

and Cold Needs = | be oo comberny guic

Papaya, pOtato (mature), sweet
potsto, watermelon

| Moderats | Apricot, barana, blueberry, cabbage,

Can Be Handled ] tremmlizn s
. . herry, cucumbey, $ig ifresh),

Without Cooling. oostbetry Sechucn (esdlk nectarion

olive, peach, pear, pepper. plum,
potato fmmaturel, racish topped),
| summer squash, tomato

Page 45 _ High Blackberry, carmot (with tops),
| coulflower, leeks, lestuce Deaf), bma
beans, radish twith sops), raspberry,
strawberry
Require Coolmg y Very Migh | Astichoke, bean speonts, broccok,
Brussels speouts, endive, green

and Cold Storage ontorn, kale, ckea, snap besn,

watercress

Y A i, mush pacsiey
High peas, spinach, sweet com

CROP Harvest Quallty Cooling  [Resplration [ICED [Cool To
Method  |Rate Store Temp|
Apples, R.F,H low 32-38
Asparagus bracts at tip closed H, 1 extremely high | YES 35
Basil fresh, tender leaves high NO 50
Beans, snap seeds developed, plump R, F,H very high NO 41-46
Beans, lima crisp pods, seeds immature R FH high NO 41-43
Beets, bunched | crisp fresh leaves H, | high YES 32
Beets, root firm, deep red roots R moderate Can 33-36
Blackberries full_color, sweet R, F high NO 32
Blueberries full_color, sweet R, F moderate NO 32
Broccoli firm head, buds not open LFH very high YES 32
Brussel sprouts | firm sprouts HoV, 1 very high YES 32
Cabbage crisp, firm, compact head R, F moderate NO 32
Cantaloupe full slip, rind color HF moderate NO 36-41
Carrots, topped | tender, sweet roots LR moderate YES 32
Cauliflower compact, white curds HV high YES 32
Celery crisp, tender | moderate YES 32
Com, sweet plump tender kernels HLV extremely high |YES 32
Cucumber: crisp, green, firm FH moderate NO 50-55
Eggplant seeds immature; shiny, firm R, F NO 50-54
Endive fresh, crisp, tender leaves H, 1 very high YES 32
Garlic N low NO 32
Leafy Greens crisp, dark green leaves H, I very high YES 32
Herbs fresh, crisp, tender leaves NO 32-41
Leeks size, crisp H, 1 high YES 32
Lettuce compact head, crisp, tender H, 1 moderate YES 32
Mushrooms size, firm very high NO 32
Onions, bulb firm bulbs, tight necks N low NO 32
Onions, green | crisp stalks, firm white bulbs __|H, | very high YES 32

55°F

Chilling Injur

chilling injury
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Maintaining the Cold Chain

Harvest: 15t Step Cold Chain

| PICKITCOOL | #0, 4, —
eHarvest PICK IT COOL (Vo) : ®, 2Oy
. KEEP IT COOL & < 7AM.
eCleaning - 58° Ambient Air
-Cooling UT IT W 45° Broccoli
7)) * 4P.M.
.Storage T LEEP tﬁ 88° Ambient Air & g
.mnsport Q 82° Broccoli sl e
°Ethylene 8 | 37° Difference: Huge impact on shelf life and safety.
*Humidit
y a
13 14

Keep It Cool HARVEST -- Dry or Wet

Best to Harvest Dry
Solanaceous Family

Cucurbits
Green Beans
Storage Roots
Storage Alliums

Removing heat costs time and $

~E

Move produce to a
packing shed often!

Okay to Harvest Wet
Greens

Brassicas

Sweet Corn

Fresh Alliums

Fresh Roots

void direct sun!

15
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Cleaning and Drying

2" Step In The Cold Chain

1. All produce should
be clean when sent
to market.

2. Clean: Visually
free of dust, dirt,
soil, and other
debris.

Cleaning Options

* Do Not Wash

* Dry Brushing

* Water Tank

* Water Spraying

* Wet Brush

* Mechanical Washers

Do Not Wash

20

21

Don’t need washing. Keep clean at harvest.

Clean at
Harvest

Glove
Policy

24
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WASHING PRODUCE

Wash systems needs to be evaluated for food safety
risk. Farms may change their practices as a result.

Food Safety and Water

- Pathogens can transfer

from product to product

- Pathogens can be imbibed
-Depth
-Length of time
-Temperature

DUNK TANKS INCREASE THE RISK

28

Infiltration is particularly likely to occur in apples, Why do we use Watel"?

melons, peppers, and spinach.

Minimize infiltration by Clean
controlling factors that Cool
affect the process: Crisp

Is there a way to
accomplish our goals
without dunk tanks?

- Minimize the amount of

time warm produce spends

in cold dunk tank water

- Use a sanitizer.

- Avoid deep dunk tanks.

- Pre-cool produce using
methods other than dunk
tanks.

If there is a food safety consequence, it
trumps cleaning, cooling, and crisping

30 31

Risk of Using Dunk Tanks

E. coli in leafy greens wash water after 1, 2 or 3 rinses

0008
10 624 m wn L] 19 ¥ we Wi 1w
2013 growing sesson

Do Not Interpret This Research To Mean That
Pathogens Can Be Washed Off Of Produce!
-- Vern Grubinger — University of \}

32 33

www.atinadiffley.com
www.familyfarmed.org

© 2015 Atina Diffley



Post Harvest Handling 2018
FamilyFarmed Training

ways to avoid dunking |§

34

joshvolk.com

The Big Blue Gun $90

High water volume
Low-pressure output

Developed for
European industrial
and food-processing
sectors for all types

of cleaning.

38
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Piagram showing two stage cleaning process

Higher mpact cleaning stage to dislodge Socond stage rinse applcatios fo complete cleanmg
én

Draining water removes dirt from
the system

43

N Willamette Research and Extension
http://www.joshvolk.com/

45 46
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Mechanical Wet Brush Washer/Pack Line

| cucumbers - winter squash - peppers - potatoes - melons |

. AZS Brusher Equipment 821 Crooked Ln, Ephrata, PA 17522 717-733-
AZS Brusher Equipment 717-733-2584 2584

=
e
I«.‘«' https://www.youtube .com/watch?v=U_FK3J_0rQ8

47 48

Barrel Washer Lu Yoder <bravelittleship@gmail.com>

3874 per hour
158# by hand
--Veggie
Compass

For Root Crops A Barrel Washer Can Be A Good Option

51

Triple Washing Greens

Reduced microbe levels in water

Step 2
- Hydro-Cool
- Hydro-Crisp

Step 1
- Hydro-Clean

Step 1
- Hydro-Clean

\
\

USE A SANITIZER!

Average reduction of E. coli in leafy greens wash water,
compared with a single rinse

53
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Step 1
- |- Hydro-Clean |

Still Need To Use A Dunk Tank?
- Clean and sanitize the container before and
after use
- Use water that is tested free of generic e-coli.
- Change water at a frequency sufficient to
ensure that it is of appropriate microbial quality
- Use a water sanitizer

- Hydro-Cool
- Hydro-Crisp

54 56

Sanitizer: Goal, Prevent Cross Contamination Sanitizers For Fresh Produce

Sanitizers Treat The Water Not The Produce!

Tsunami™ (Ecolab) NO NO YES Produce only
StorOx (BioSafe) NO NO YES Produce & contact
SaniDate (BioSafe) NO NO YES Produce & contact

BENEFITS of peroxide based cleaners:

* No taste residue

* No dumping restrictions, environmentally responsible
« Less affected by organic matter than chloride

« Effective against microorganisms that affect shelf-life

. Reduces item to |tem transfer

Chlorine Bleach YES YES YES Produce & contact

. .
Reduces risk of pathOgen infiltration Sanitizer must be labeled for contact with product — Read the label

+ Reduces plant pathogens that affect shelf life Download process, UC Davis, IA State, U of M, Penn State

59 60

Use Anti-Microbial According To The Label And Test

&

2.

* Test strips: Correct Concentration. Record.

* Efficacy decreases with time dirt.

* Discard and change water as needed.

61
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Drain Dry Upside Down
*Bunched Herbs
eHead Lettuce
eBunched Arugula
*Bok Choy
eCelery

*Endive and Escarole
*Radicchio

67

“. .. inspect, maintain, and
clean and, when necessary and
appropriate, sanitize . . .

Approximately 1.1 gal of spinner
volume for 1.0 Ib of greens. .

“....equipment and tools that
are of adequate design,

construction . . . to enable them
Manual Spinners to be adequately cleaned ...”
* 1.0 gal Home Kitchen Salad Spinners,
* Choice 2.5 gal Manual Spinner — $58

* Choice 5.0 gal Manual Spinner — $63

“Seams on food contact
surfaces . . . must be either
smoothly bonded, or maintained

* Garde 5.0 gal Manual with Brake and Drain — $93

* Chef Master 5.0 gal Manual Spinner with Brake — $98
* Johnny’s / Dynamic 2.5 gal Manual Spinner — $199

* Johnny’s / Dynamic 5.0 gal Sealed Manual — $274

to minimize accumulation of
dirt, filth, food particles, and
organic material and thus

minimize the opportunity for

harborage or growth of
ttpi pinners-for microorganisms.”

69 70

* Johnny’s / Dynamic 5.0 gal Manual Spinner — $249

Would you save enough in machine cleaning
labor to buy an electric?

COOLING

3" step in Cold Chain
2 H CROP Harvest Quality Cooling Respiration {ICED Cool To
EIeCtrlc Splnners Method Rate Store Temp|
Apples, R, F, H low 32-38
, . i . Asparagus bracts at tip closed H, | extremely high {YES 35
* Johnny’s Dynamic Electric Salad Spinner — $675 Basil fresh, tender leaves high o 50
. Beans, snap seeds developed, plump R, F, H very high NO 41-46
° Delﬂeld SALD‘l Salad Dryel’ 20 Ga”OnS - $1,817 Beans, lima crisp pods, seeds immature R, F, H high NO 41-43
e Sammic ES-100 Electric Spinner —-13|b - $2[152 Beets, bunched | crisp fresh leaves H, | high YES 32
Beets, root firm, deep red roots R Can 33-36
* Green’s Machine — 20 ga| - $2’219 Blackberries full_color, sweet R, F high NO 32

* Hobart SDPE-11 20 Gallon Polyethylene Dryer — $2,264

* Hobart SDPS-11 20 Gallon Stainless Steel Dryer — $2,941 Manual. Wholesal org

Cool Produce to the Core!

Immediately removing field heat is KEY to extending shelf life! |

‘ Full table available in the Wholesale

http://blog.uvm.edu/cwcallah/2018/07/20/greens-spinners-for-farm-use/

71 74
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Chilling Injury oane o C
chilling injur

eStorage Temp 50-54°

75

Options for Cooling

Cooling 20t0100 1to10 1to1.0 0.3to2.0 0.1t00.3
Time
(Hours)

Chi"ing injury Water No No Yes

Contact R -
4___"| Combination

an

77 78

N

Room Cooling

*Not fast enough for
High respiration crops

cold air through
the room.

=
=

* May be OK for chilling
sensitive crops.

* May be OK if crops are
harvested cool.

Low cost, but very slow

79 80
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Size: Cooling or Storage or Both Right-sized refrigeration system
_ Underpowered — will run often and wear out quicker.

Overpowered — will not cycle enough to effectively
remove humidity and may cause icing.

~—

Design Features and Accessories

- strip curtain to prevent loss of cold air a—
- temperature alarm and recorder E q

- a kickplate to protect the door =
‘ ' " [ S — S ———
= = 5 I ‘ ' a b

More adequate for storage than cooling
COOLBOT http://storeitcold.com/

84

83

COOL-BOT TRAILERS P“""'““""“"'.'W“IHH

On-line Plans to Build
$3,500
USDA “Porta-Cooler”

www.atinadiffley.com
www.familyfarmed.org
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Forced Air Cooling

_| Pull air through containers.

COLD AIR IN|

Lol
&

/; | T
il
Remove from forced air when cooled.

R

87

Cool and Ship: Portable Forced-Air

* Energy Efficient
* Transportable
* Low initial cost

Ideal for Berries

North Carolina Extension
atinadiffley.com

89 90

Ice Cooling * Sanitization
* Use policies
* Do NOT drip on other

Traditioally Iced
Can be Iced
Should NOT be Iced

www.atinadiffley.com
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Cool before

or after cleaning
and/or
packing?

& / / Product

/
§ /, Must Be
g ” / Proper
= J/ y, Temperature
g ° / / Before
% P / Packaging
-
% 35

1 2 3 4 5 6 7 8
DAYS FROM PACKAGING

95

Size: Cooling or Storage or Both

97
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Storage & Transportation

[cror Ethylene [Ethylens [chilling or mishandling injuries |Storag{%

Continue
Cold Chain

* Temperature
* Humidity
* Ethylene

53

|Apples very high _|high
ol

very low | high strong odor, yellowish, black rot spots 32(95100 {1014
very low _|high ipburn, black leaf speck, yellowing 32095100 _|2135

Storage and Relative y P!

3210 36°F, 65-75% relative humidity.
Moisture will domage these prodxts.
Garlic, Onlon (dry)

3210 36°F, 90-95% relative humidity.

Many products in this group produce ethylene.

Apples, Apricots, Asian pears, Beets topped, Berries (except cranberries), Cherries, Coconuts,
Figs, Grapes, Horseradish, Kohirabi, Leeks, Loqua, Lychee, Mushrooms, Nectarines, Oranges,
Parsrips, Peaches, Pears, Persimmons, Plums, Pomegranates, Prunes, Quinces, Radishes,
Rutabagas, Tumips

321036, kced.

fene.
Amaranth,* Anise.* Artichokes,* Beets,* Broccoll,* Brussels sprouts,* Cabbage,* Carrots,*
Caulifiower, Celeriac.* Calery.” Com sweet.” Daikon,* Endive.” Escarole.” Kohirabi,” Leafy

96

55 to 60°F, 85-90% Relative Humidity

98
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Ethylene is a natural plant hormone.
It affects the growth, development,
ripening, and aging of all plants.

Consider Rate of Production and Sensitivity

Ethylene can come from:

* Ripening fruit

* Decomposing plant material

* Plant growth regulators that release ethylene
* By-product of incomplete combustion

99 100

CROP Ethylene Ethylene ichilling or
Production sensitive

Apples very high high browning, rot,

Asparagus low low dull, limp

Basil low low browning, limp

Beans, snap low moderate  surface pitting

Beans, lima low moderate :yellow to brow

Beets, bunched ivery low low limp tops, rots

Beets, root very low low black root, bro

Blackberries low low mold

Blueberries low low mold

Broccoli very low high strong odor, y4 .

Brussel sprouts i very low high tipburn, black | Bltter
101 102

ethylenecontrol.com

Ethylene Induced Yellowing of Brccoli

104
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ETHYLENE ABSORBER Apples

Ethylene Production
* Very high

Ethylene Sensitive

* High

USED ON RIGHT SIDE

Apples 1o 31 days

105

Humidity

1. Is it an issue?
* Use plastic film

* Mechanical
humidifiers or fog spray
nozzles

* Spray produce

107

Cold Distribution
AIternatlves

| r’v‘r‘ﬁf !
-

Temperature yo-yoing can do severe damage.

109
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PEAKfresh® - Mineral |mpr.egna.ted
g polyethylene film filters and
Ay el n removes ethylene gas.
" ,
[ e 0 b \ -Excellent permeability and
:-: " :" 4 good deodorizing properties.
. g -Breathable
AR ‘Q - -Helps maintain a high
S o ‘;‘ ' \ humidity environment, while
; *‘ N N minimizing condensation
'f bl iy (reduce mold and bacteria
\" .\ ‘?QQ \ growth and degrade carton
SR 11e -Can extend shelf life 4 times
o 4N

Humidity Control
- Waxed boxes

- Waxed paper

- Poly bags

- Clamshells

108

TRANSPORT TO MARKET
COOL-BOT TRAILERS
On-line Plans to Build
$3,500

USDA “Porta-Cooler”

110
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Maintaining The Cold Chain Through Point-Of-Purchase

ctuating Temperatures
(U ) T .

111 112
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