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Critical need for data in support of
“Adequate Sanitary Quality”
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Pre-Storage Lemon Packline

e Spray potable
water
* Brush rollers

e Chlorinated
dump tank

* Sizer

* Pre-grade

Receipt

* Storage
¢ 52°F (11°C); m—

e 24 hto 120 days

Imazalil + PAA Recirculating

Storage wax



Citrus Industry Use Survey

* Soda Ash * Imazalil
—1to 3% — 100 to 500 ppm
— 60 to 115°F (16 to 46°C) — 60 to 135°F (16 to 57°C)
—pH9.5t013 — Exposure
— Exposure * Seconds
* Seconds to minutes — Use
— Use * Day to weeks

* Week to months e Peracetic Acid (PAA)



Log CFU/mL

Survival of Salmonella and Listeria in water (pH 7.90) and
3% soda ash (pH 11.30) at 16 or 40°C (60/104°F)

Salmonella (n=6) Listeria (n=6)
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Survival of Salmonella and Listeria in water (pH 7.90) and
3% soda ash (pH 11.30) at 16 or 40°C (60/104°F)

25 log reduction of Salmonella

in 23 min at 40°C/104°F
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Log CFU/Lemon

Transfer of L. monocytogenes from inoculated to
uninoculated lemon: 3% soda ash at 40°C/104°F
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Log CFU/ml

Survival of Listeria
in 3% soda ash pH 11.30 (n=6)

—

16°C/60°F

2.55 log reduction
in 30 min

40°C/104°F
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Log CFU/ml

Survival of Listeria
in 3% soda ash pH 11.30 (n=6)

—

16°C/60°F

2.55 log reduction
in 30 min

40°C/104°F

25 log reduction of Listeria

in soda ash in 1 min at 60°C/140°F
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Inactivation of Listeria in used 3% soda ash 40°C/104°F

Log CFU/ml

e 4.\F‘resh water

Fresh soda ash 3% pH 11.26
25% used soda ash pH 11.00

75% used soda ash pH 10.63
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Inactivation of Listeria in used 3% soda ash 40°C/104°F
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Key Outcomes

 Soda ash

— Cross contamination is possible
under normal simulated use

— Current practice of nightly heating
soda ash

* Rapidly reduces populations of
L. monocytogenes

— No significant difference in impact
on L. monocytogenes with
extended use material



Imazalil with
Peroxyacetic Acid (PAA)



Survival in 300 ppm imazalil at 16°C (60°F)

Log CFU/ml
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Inactivation of Salmonella and Listeria in

300 ppm imazalil with PAA at 16°C (60°F)

Salmonella (n=6)
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Inactivation of Salmonella and Listeria in

300 ppm imazalil with PAA at 16°C (60°F)

Salmonella (n=6)
61 .

i

25 log reduction of Salmonella
in 22 min at 215 ppm PAA

6 - Listeria (n=9)

|
&
— -
2 4
6
L - _} ........
0 000 000
Control 10 ppm 15 ppm 20 ppm

0.5 min Imin WM2min MW3min ME5min

25 log reduction of Listeria
in 23 min at 20 ppm PAA
21 min at 60 ppm PAA

2 l
LOD=1.3
e e i SR
0 4 00
Control 10 ppm 15 ppm 20 ppm
0.5 min 1 min 2min  ®W3min MW5min



Inactivation of Listeria in 300 ppm imazalil with PAA
at 16 and 40°C (60 and 104°F) n=6
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Log CFU/ml

Survival of Listeria in fresh and used imazalil
with 25 ppm PAA at 16°C
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Fresh water with IMZ (350 ppm)
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Key Outcomes

Imazalil with 220 ppm PAA
— Significantly reduces

* Both Listeria monocytogenes and
Salmonella

* Across tem peratures of use

* |n fresh and end-of-use material



Dump tanks and recirculating systems

>5 log reduction of Listeria in 3% soda ash:
— 21 min at 60°C

>5 log reduction of Listeria in imazalil
— 20 ppm PAA: 23 min at 16°C or 21 min at 40°C

>5 log reduction of Listeria in 3% SBC (not shown)
— 18 ppm free chlorine: 2 20 s at pH 8.0 and 9.5



“Typical” Pre-Storage Lemon Packline

e Chlorinated e Potable water

dump tank e Spray
e Sizer * Brush rollers
* Pregrade
Receipt 3% soda ash tank

(sodium carbonate)

* Storage
e 52°F (11°C); —

e 24 h-120 days

Storage wax Imazalil + PAA Recirculating



Pre-Storage Line p Packing Line

Receive Lemons Box Dump Rinse
- -
Bin Dump-chlorinated water Rot Removal-by t\':imd on PVC rollers
-
Popy Sizar_ramaua cmall friite Washing-SBC+chlorine (recirculating flood)
P PVC rolls
Soak Tal 1885
W . . IMZ+PAA
ashin
‘What is the impact of all of these steps? =
ng brushes
Fungicic
OVE
Storage
fungicide sprayed oxer rotating brushes Pac‘l.('ing
Color Sorti:g/Box Fill Storage/Cooling; 40-42°F
2
Storage; 52°F (11°C); 24 h-120 days Shipping




What is the impact?

What are you harvesting?
Multiple Products

What time of year?
Long Season

What is the weather?

Packinghouse layout?
Varying practices
Different age and size
Production volume



Change in lemon microbial populations in the wash line (preliminary data)

Log CFU/lemon

7.0~
6.0

L J

W?Nsil;lling Ozone Storage
T treatment wax

i

Morning: Orchard 1
Samples processed in less than 3 hours

Afternoon: Orchard 2
Samples processed between 19 to 24 hours




Variation in lemon microbial population in the wash and packing lines

y Sampling point on the wash line S}amp<ling point on the packingJine
Receive Bin dump Soda ash Color sorting After storage Packing
7. lemons chlorine tank Box fill
A
6 B Total plate count

C

Coliform

Log CFU/lemon

C
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20 ml PBS + 0.05%
Tween 20, pH7.4

[Mlumina MiSeq

30s shaking

60s rubbing ' —

30S Shaking FaStDNA Spln Klt for feCCS 16S Amplicon PCR Forward Primer = 5'
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG
16S Amplicon PCR Reverse Primer = 5'
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC

Lemon Filtration Library Sequencing
Processing DNA extraction Preparation

Sheng and Wang



Anticipated Data Outcome
E.g. shown for WALNUTS
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Proportion of total sequences

Receiving pit Floattank1l  gort table Float tank 2 Post float Dry
water water tank 2
62% 55% 70% 18% 52% 85%

Davidson and Harris, unpublished Average Enterobacteriaceae proportion per location



Salmonella
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Survival of Salmonella in Citrus Finishing Wax
Sheng and Wang

7.0 Brand A — Wax #1 Brand A — Wax #2

6.0 —I— T —_ —_

ok
(=)
!

Salmonella
(Log,,CFU/mI)

4°C 23 °C 4°C 23 °C

Oh 0.5h 1h 4 h 24 h



Citrus Food Safety Plans

e Each packinghouse and pack line
— Engagement
* Foundational programs
— GMPs/Sanitation/Monitoring/Adjusting
* Water quality — dump tanks and recirculation

— What are the controls to prevent
cross contamination?

— How are they measured?
— Validate/verify measurements.
— Corrective actions?



