Existing Tree Fruit
Research To Support
Risk Assessments and
Mitigation Measures
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Districts

WA (n=330)

WA-1 (n = 40)

WA-2 (n = 65)

WA-3 (n=115)

WA-4 (n=110)

mean (SD)
min.—max.
mean (SD)
min.—max.
mean (SD)
min.—max.
mean (SD)
min.—max.
mean (SD)
min.—max.

Log,, ECt

1.30(0.58)
0-2.93
0.57 (0.37)
0-1.56
1.15(0.41)
0.34-1.84
1.23 (0.57)
0-2.93
1.73(0.36)
0.48-2.60

Log,, FCt

CFU+ 100 mL™
1.76 (0.66)
0-3.86
0.70 (0.46)
0-1.70
1.40 (0.49)
0.34-2.21
1.93 (0.50)
0.41-2.92
2.18(0.38)
1.32-3.86

Log, ENt

1.45 (0.51)
0.15-2.57
0.73 (0.29)
0.15-1.15
1.42 (0.35)
0.34-2.02
1.61(0.42)
0.48-2.55
1.55(0.53)
0.40-2.57

Log.,
turbidity

NTU
0.72(0.31)
0.14-1.82

1.27 (0.1)
1.18-1.45
0.60 (0.30)
0.21-1.74
0.70 (0.30)
0.14-1.82
0.75(0.25)
0.14-1.51

Temperature
°C
16.90 (3.95)
6.20-25.30
12.40 (4.5)
6.20-19.9
14.20 (3.10)
8.60-19.8
17.80 (3.80)
9.50-24.80
18.20 (3.20)
10.70-25.30

pH

7.81(0.4)
6.90-9.01
7.90 (0.5)
7.30-8.52
7.60 (0.30)
7.20-8.20
8.0 (0.50)
7.20-9.01
7.70 (0.40)
6.90-8.70

Dissolved
oxygen
mg L™
9.46 (0.92)
7.33-13.75
10.0 (0.8)
9.21-11.48
9.90 (0.80)
8.41-11.71
9.30(0.80)
7.76-11.71
9.30(1.0)
7.33-13.75

Specific
conductivity

uS cm-!
91.63 (58)
1.0-483.1
55.60 (14.7)
40.80-73.0
64.70 (23.70)
2.80-105.0
80.30 (21.70)
1.0-109.40
124.10 (81.80)
2.90-483.10




Table 2. Prevalence of bacterial pathogens (Salmonella spp., non-0157 Shiga toxin-producing E. coli [STEC], and E. coli 0157, and in small-volume
(SV=11) and large-volume (LV = 10 L) samples collected in Washington and California during summer 2015.

Salmonella STEC 0157
SV LV - sv. v SV
no. of positive samples (%)
WA (N, =330,N_, =104) 54 (16.4) 36 (34.6) 25 (7.6) 11 (10.6) 3(0.9)
CA (N,, =187,N,, =45) 78 (41.7) 32(71.1) 20 (10.7) 5(11.1) 9 (4.8)
TOTAL (N, =517, N, = 149) 132(25.5) 68 (45.6) 45 (8.7) 16 (10.7) 12 (2.3)

Location




Table 3. Multiple logistic regression model used to estimate the probability of detecting Salmonella spp. based on district, collection of paired small-
volume (SV)-large-volume (LV) samples, location of sample within the irrigation network, and Euclidean distance from point of district control
during the 2015 irrigation season in California and Washington.

Coefficient Odds ratio P-value OR 95% Clt

Intercept -4.019 0.018 0.000 (0.002, 0.160)
District

WA-1 0.000% 1.000

WA-2 1.865 6.456 (0.714, 58.384)

WA-3 2427 11.326 (1.251, 102.542)

WA-4 1.667 5.296 (0.572,49.059)

CA-5 2.352 10.501 (1.147,96.177)

CA-6 3.296 26.991 (3.024, 240.921)
Paired SV-LV

Not collected 0.000+ 1.000

Collected 1.608 4.991 (3.101, 8.032)
Network location

River (source) 0.000% 1.000

Canal 1.162 3.196 (1.087, 9.400)

Lateral 1.326 3.766 (1.161,12.223)

Pipe 1.931 6.894 (0.636, 74.712)
Distance from district control (km) -0.025 0.976 (0.962, 0.989)

1 Confidence interval of the odds ratio.
# Referent category.




Temporal Stability of Salmonella enterica and
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¢ Re-inspecting the entire affected agricultural water system
under the farm’s control and, among other steps, making

co rrECt ive necessary changes

OR

e Treating the water in accordance with the standards in
FSMA PSR

e Making necessary changes such as repairs

e Increasing time interval between last direct application
and harvest (microbial die-off)

e . e Increasing time interval between harvest and end of
M Itlgatlon storage (microbial die-off)
measures ° Other activities that result in die-off or removal

e Changing water application method
e Treating water (PSR standards)

e Taking alternative mitigation measures supported by
scientific information

measures




Making Changes



Time to Harvest Interval:
Die-Off




Scientific Data on Time-to-Harvest
Intervals for Washington Apples

Apple varieties: Gala, Golden Delicious, and Fuiji
Evaporative cooling treatments: conventional, misting, and untreated

Canopy locations: High and low within the tree canopy Inside and outside the
canopy (for the low portion)

Canopy structure: vertical fruiting wall or free standing
Fruit maturity: Mature and immature apples

Growing region: Wenatchee, WA, and Prosser, WA

Year: 2014, 2015, and 2016

Sunlight exposure: Full sun and shaded

Inoculation level: 7 log CFU/apple and 3.5 log CFU/apple
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Scientific Data on Time-to-Harvest
Intervals for Washington Apples

Apple varieties: Apple variety affected E. coli die-off rates, but the difference (0.10 log CFU/apple/day)
was not biologically significant

Evaporative cooling treatments: Employing either conventional or misting evaporative cooling after
the initial inoculation did not significantly impact the die-off rate of E. coli on apple surfaces
compared to apples not treated with evaporative cooling.

Canopy locations: Die-off rates did not differ by canopy location

Growing region: Die-off rates did not differ by orchard location
Year: Die-off rates did not differ by year

Sunlight exposure: E. coli populations on fruit located in full sun decreased at a faster rate than
those in full shade.

Inoculation level: The rate of E. coli die-off was quicker for the high-inoculated apples compared to
the low-inoculated apples



Storage Die-Off



Listeria iInnocua on apples - Hamilton et al,
2021

Gala and Cosmic Crisp

Listeria innocua

Fecal coliforms

Co-inoculated with B. cinerea or
P. expansum

wounded and unwounded

Held in CA for 11 month




TABLE 1. Mean populations of L. innocua on Gala apples during 3 months of controlled atmosphere cold storage by treatment, wound
status, and time in storage”

Mean *+ SE populations (Log CFU/ecm?) per treatment”

Months LI only LI4+BC
(daysyin. —m—m—m@@@@MMMMM
storage No wound Wound No wound Wound No wound ‘Wound

0.25 (8) 6.01 = 0.14 Aa (a) 6.92 = 0.05 Aa (a) 435 +0.10 Aa (a) 657 = 0.07 A a(b) 3.37 = 0.0l Aa(a) 481 = 0.09 A b (b)
1(30) 2.61 = 0.06Ba(a) 556 = 0.07Ba(b) 3.54 = 0.08 A b (a) 543 = 0.08 A a(a) 2.53 = 0.06 B c (a) 3.06 = 0.12B b (b)
3(93) 246 + 0.03Ba(a) 462 + 008 ca(b) 2.68 = 0.058b (a) 400 = 0.14 B a (b) 2.64 = 0.06 C a(a) 2.64 = 0.08 B b (a)

TABLE 3. Percentage of samples for which the presence of L. innocua was detected on Gala apples during 6, 9, and 11 months of storage®

% (no./total no.) of samples per treatment”
Months LI only LI4+BC

(days) in e —
storage No wound Wound No wound Wound No wound Wound

6 (183) 100 (30/30) 96.7 (29/30) 76.7 (23/30) 100 (30/30) 46.7 (14/30) 43.3 (13/30)

9(272) 60.0 (18/30) 86.7 (26/30) 60.0 (18/30) 90.0 (27/30) 33.3 (10/30) 26.7 (8/30)

11 (334) 3.3 (1/30) 53.3 (16/30) 6.9 (2/29)° 82.8 (24/29) 4.0 (1/25) 12.0 (3/25)

|
i
:
1




TABLE 2. Mean populations of L. innocua on WA 38 apples
during 3 months of controlled atmosphere cold storage by
treatment and time in storage”

Months Mean * SE populations (Log CFU/cm?®) per treatment”
(days) in
storage LI only LI+BC LI4+-PE
0250) 355 *008Aaa 541 2006Aab 340 *0.11Ac
1 (30) 277 £0.06 Ba 4.06 £009Ab 277 +x008Bc

3(93) 246 +003ca 255+0058Ba 237 +00lcb

TABLE 4. Percentage of samples for which the presence of L.
innocua was detected on WA 38 apples during 6, 9, and 11 months
of storage”

% (no./total no.) of samples per treatment”

Months
(days) in

storage LI4+-PE

LI only LI+BC

6 (183)
9 (272)
11 (334)

66.7 (20/30)
56.7 (17/30)
50.0 (15/30)

50.0 (15/30)
27.3 (6/22)°
17.7 (3/17)

33.3 (10/30)
10.0 (2/20)
7.7 (1/13)



Title

Interaction of resident
microbiome and Listeria on pears
during cold storage

A metagenomic approach to food
safety risk mitigation in pears

Principal Investigator T,

Meijun Zhu, Ph.D.

Laura Strawn, Ph.D.

Date Started T,

January 2023

January 2023

End Date 1,

December 2024

December 2024

RFP Year

Resources

Zhu 2022 - 2 Poster

L2
L2

Zhu 2022 - 2 Poster 2

Strawn 2022 - Poster

2
&, Strawn 2022 - Poster 2
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Figure 3. Survival of L. monocytogenes on pears during 12 weeks of cold storage. A: Bartlett pear; B. Bosc pear;
C:D'Anjou pear. Mean + SEM, n =12. The selected varieties were inoculated with L. monocytogenes at ~6.5 log,,CFU/apple,
then subjected to cold storage 24 hours after inoculation.
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Average concentrations (log CFU/pear) of a generic E. coli on D’Janjou Pears over time.

Bulk Wrapped
7.07+0.16 Aa? 7.07+0.16 Aa

7.17+0.27 Aa 7.00+0.13 Aa
6.12+0.30 Ab 592+0.18 Bb
5.88 +£0.28 Ab 5.23+0.42 Be
5.46 £0.30 Ab 532+ 0.34 Ac




Alternatives/Other
Activities
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Fig. 2. Population of Listeria monocytogenes on Gala apples during storage at 20 °C up to 40 days. All results were reported as means + standard error. Different
letters above bars indicate significant differences in the mean (P < 0.05) for each storage time.




E. Coli O157:H7 (Log CFU/apple)

7
Storage time (Days)
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Fig. 3. Population of Escherichia coli 0157:H7 on Gala apples during storage at 20 °C up to 40 days. All results were reported as means + standard error. Different
letters above bars indicate significant differences in the mean (P < 0.05) for each storage time.
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Fig. 4. Population of Salmonella on Gala apples during storage at 20 °C up to 40 days. All results were reported as means + standard error. Different letters above

bars indicate significant differences in the mean (P < 0.05) for each storage time.
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Fig. 2. Reduction of L. monocytogenes and E. faecium NRRL B-2354 on Granny Smith apples after 2 or 5 min exposure to sanitizer-treated simulated dump tank water
(SDTW) with 1000 ppm chemical oxygen demand (COD). (A) Chlorine; (B) PAA. FC, free chlorine (ppm). Data shown as Mean + SEM, averaged from three in-
dependent studies with 10 apples per independent test. ** Bars labeled with the same letter indicate no significant difference within each treatment.




Research on all crops, locations,
pathogens, and environment is not
available

Ongoing Research

* Cherries

* Pears

* UVC and Far-UVC

* Ozone

* Antimicrobial Coatings
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