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Biocontrol of Salmonella Associated with
Sprouting Mung Beans using a
Combination of Antagonistic Bacteria and
Lytic Bacteriophages




ﬁouted Seeds

* Mung beans (bean e
sprouts) AN

* Alfalfa

* Soy bean

* 35 foodbhorne iliness
outbreaks

* Sprouts: Ideal growth
medium for pathogens



Food Safety Interventions

» Screening seeds for pathogens
* Seed sanitation

* Spent water testing
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Spent Irrigation Water Testing

Culture-free, integrated pathogen concentration
and detection system for on-site testing.

Concentration: Tangential Flow Filtration

Detection: Flow-through Electrochemical
Enzyme Linked Immuno-Assay.
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TFF Cell Concentration

Tangential Cross-Flow Filtration Dead-End Filtration
(high permeate rate) (low permeate rate)
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Verification Trials

; Spent irrigation water derived from mung bean beds initially inoculated
with 1.3 cfu/g Salmonella
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Large sample volumes (10 liters) taken from multiple
sites.

No delay in obtaining microbiological results

Screening of samples later in the sprouting period.



P — Seed Sanitation N
Germin-8-or

Seed - Include Sanitizer
Decontamination —
l Soak Seed
Soak Seeds /
- -~ *Extended contact time
prout seedas Pathogens released from
J protective sites

Harvest




_Calcium Hypochtorite (20, 000ppm) Vs~
Germin-8-or (200ppm)

Treatment of E. coli O157:H7 Salmonella
mung beans _ _
Count Enrichment | Count | Enrichment
Log cfu/g Log
cfu/g
Calcium 8.59 NT 7.96 NT
hypochlorite
(20, 000ppm,
20mins)
Germin-8-or ND ND ND ND
200ppm

Initial loading: 3-4 log cfu/g

ND <1 cfu/25¢
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Germin-8-or

Effective, low-cost, method for decontaminating
seeds

More effective than current methods

Currently seeking regulatory approval
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Biocontrol

Established method for controlling plant pests
«=Bacillus thuringiensis (BT) insecticide
Probiotics

Bacteriophages

Ideal biocontrol agent

«=Non-pathogenic

«=Target pathogens

«=No adverse effects on plant development
«=Effective

«=Adapted to the environment
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Biocontrol

Established method for controlling plant pests
«=Bacillus thuringiensis (BT) insecticide
Probiotics

Bacteriophages

Ideal biocontrol agent

«=Non-pathogenic

«=Target pathogens

«=No adverse effects on plant development
«=Effective

«=Adapted to the environment



Approach

* Antagonistic bacteria

* Bacteriophages
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Step 6: Release Step 1: Attachment
The bacterial cell The phage attach to
lyses and releases @ specific receptors on
many infective phage. - the cell wall of E. coli.

Step 2: Penetration

Following attachment, phage DNA
is injected into the bacterial cell,
leaving the phage coat outside.
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Step 5: Assembly Step 3: Transcription

Phage components are Phage DNA is transcribed,
assembled into producing phage mRNA, which
mature virions. is translated to phage proteins.

Step 4: Replication of Phage
DNA and Synthesis of Proteins
Phage coat proteins, other protein
components, and DNA are produced
separately. Host DNA degraded.

Phage-induced
proteins

Empty DNA inside
head head
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czCocktail of phages which
infect broad range of serovars
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/Lytic/Activity of Bacteriophage on S

Serovar

Serovar/Phage P102 FL38 |FL41
Isolate

Javiana + ND ND
Heidelberg + ND ND
Typhymurium + ND ND
Newport - ND ND
Montevideo - + +

+ Susceptible - Resistant ND Not determined




Enterobacter

Deferred Assay

sk

Mung Bean Sprouts
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Anti-Salmonella Factor

No anti-Salmonella activity recovered in:-

— Spent culture medium of E. asburiae

— Elution from agar plates on which E. asburiae had been
cultured.

— Cell membrane fraction

Anti-Salmonella factor requires to be elucidated.
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In Vitro (BROTH) Assay

Sal + Phage (MOI 100)

Sal + Phage (MOI 1)

Sal + Phage (MOI o.1)

Sal + En + Phage (MOI 100)
Sal + En + Phage (MOI 1)
Sal + En + Phage (MOI 0.1)
Sal + En (1:10)

Sal + En (121)

Sal + En (1021)

Sal

A
A
A
B
BC
BC ® Salmonella

i mTVC

AC
A

10

5
Log CFU/ml
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~ Suppression of Salmonella
growth in mung bean sprouts

F

Steep beans ~ Steep beans Sprouting for
in Salmonella  In Enterobacter  © days with
suspension Phage daily irrigation

Microbiological Analysis
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— Control of Salmonella on sprouting mung
bean sprouts

Treatment Weight of TVCa (Log Enterobacter

Sprouts (g) CFU/g) asburiae JX1
(Log CFU/g)

Negative Control 78.20 7.43A  8.15 0.91A <1.70 A

Salmonella 69.98 7.06A 8.5 0.46A <1.70A

Salmonella + 72.43 4.87A  8.48 0.56A 8.14 0.60B

E. asburiae

Salmonella + phage 70.60 8.27A  8.52 0.44A <1.70A

Salmonella + 71.33 9.06A 8.98 0.41A  7.91 0.16B

E. asburiae + phage




icroflora of Sprouted Seeds

1 2 34 5 6

1. Salmonella + Enterobacter + phages
2. Salmonella + bacteriophages

3: Salmonella + Enterobacter

4: Salmonella

5: Control (non-inoculated)

6. Salmonella culture



Alfalfa Sprouts
| | lLogcfu/gsprouts

Treatment  Sprouts TAC Enterobacter Salmonella
Yield (g/25g
seeds)
Control 0.0 120 815 o0.09 ND ND
Salmonella 102.5 10.2 7.89 0.23 ND 7.62  0.21

Salmonella+  104.0 101 841 o0.27 8.40 o0.60 ND

Enterobacter +
Phages

ND: Not Detected
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Does the Same Approach
Work with Other Pathogens?
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Escherichia coli O157:H7

Three bacteriophage cocktail from culture collection
Enterobacter asburiae JX1

In vitro assay



Culture

E. coli + E. asburiae + Phage
E. coli + Phage
E. coli + E. asburiae

E. coli

Log cfu/ml

10
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Listeria monocytogenes

3 strain cocktail of phages from collection

Antagonistic bacteria
e  Manure effluent

e Soil

e  Mung bean sprouts
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Isolation of Antagonistic Bacteria

Code Identification Source
BA Bacillus pumilus Effluent
BB Bacillus lentus Effluent
BC Bacillus pumilus Effluent
BD Bacillus subtilis Effluent
BE Bacillus cereus Soil

BF Bacillus megaterium Soil

PA Bacillus cereus Soil

PB Bacillus cereus Effluent

EA Enterobacter asburiae Sprouts




In Vitro Assay
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Conclusions

E. asburiae JX1 exhibited antagonistic activity against
Salmonella

Combination of E. asburiae JX1 and lytic bacteriaphage
cocktail exhibited synergistic activity against Salmonella
associated with sprouting seeds.

Complementary or alternative to seed decontamination

Generic approach to control foodborne pathogens
although requires further optimization.
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