Medical Marijuana Control Program
Executive Summary

Executive Summary: Investigation of Standard Wellness’s voluntary recall of “Standard
Drops” products.
April 29, 2020
I.

Introduction

The Ohio Medical Marijuana Control Program (MMCP) is administered by three state agencies:
State of Ohio Board of Pharmacy (Pharmacy Board), the Ohio Department of Commerce
(Commerce), and the State Medical Board of Ohio (Medical Board). Standard Wellness, located
in Gibsonburg, Ohio, is licensed as a cultivator and processor by the Ohio Department of
Commerce. On July 28, 2019, the MMCP issued a patient communication to alert patients about
a voluntary medical marijuana product recall initiated by Standard Wellness. This recall was due
to patient reports submitted to the manufacturer.
II.

Background

The Pharmacy Board is responsible for the licensing and regulation of dispensaries, and the
registration of patients and caregivers. Commerce is responsible for the licensing and regulation
of cultivators, processors and testing laboratories. Standard Wellness is licensed to grow,
manufacture and sell medical marijuana products to dispensaries. Standard Wellness is also
licensed as a dispensary by the Pharmacy Board, operating under the dba “The Forest.”
Licensed processors manufacture medical marijuana products. There are three different types of
processors – standalone, vertically integrated facilities, and a plant-only processor, which is a
cultivator that distributes plant material directly to dispensaries. Standard Wellness is a vertically
integrated facility.
All manufactured products in their final form must have completed and passed all required
testing performed prior to packaging for distribution to a dispensary.1
III.

Standard Wellness Voluntary Recall

On July 27, 2019, the MMCP received notice that Standard Wellness was recalling “Standard
Drops” products that were manufactured before July 3, 2019. Standard Drops is a water-soluble
THC product intended for oral use. The MMCP placed the product on administrative hold in
METRC2 which prevents the product from being transferred to another licensed facility. This
means Standard Wellness was no longer able to transfer the product to a dispensary for sale. The
MMCP issued a communication to patients and the public that provided information about
Standard Wellness’s voluntary recall and the administrative hold on July 28, 2019. Prior to sale,
the product passed all required lab testing.

1
2

Ohio Administrative Code 3796:4-2-04
METRC is the state system of record for inventory tracking.
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On July 29, 2019, the MMCP issued a second communication to alert patients that all “Standard
Drops” manufactured by Standard Wellness are unavailable for dispensation pending further
investigation. This hold was effective for all “Standard Drops” products manufactured by
Standard Wellness, not just those manufactured before July 3, 2019. This was done as a safety
precaution while the MMCP investigated the matter.
Prior to the voluntary recall, Standard Wellness received three complaints regarding the
condition of the “Standard Drops” product. As a result of these complaints, Standard Wellness
implemented improved sanitation procedures and encouraged patients to refrigerate the product
after opening. On July 1, 2019, Standard Wellness communicated to the MMCP they noticed
some discoloration in a bottle of Standard Drops and requested, as a precaution, to update the
instructions on each package to read “Shake well. Refrigerate after opening.” This was approved
by the MMCP.
To understand the potential impact to product safety, the MMCP required Standard Wellness to
submit the product for additional testing. The testing was performed on unsold product returned
by the dispensary to the processor, Standard Wellness. The following provides a summary of the
testing activity:
•

•
•
•

North Coast Testing Laboratories collected 28 sealed samples from the processor and
began microbial plate testing, which quantifies the presence for bacteria, yeast, and mold.
Testing began on August 29, 20193. These samples were pulled from sealed inventory
located at dispensaries. North Coast Testing Laboratories performed the initial product
testing prior to sale and was used again to ensure consistent testing procedures.
North Coast Testing Laboratory reported results to the MMCP on September 9, 2019.
The results identified two samples that exceeded the threshold for microbials.4
On September 23, 2019, North Coast Testing Laboratories performed speciation testing,
which is testing that identifies the types of mold and yeast located in the samples.
On October 14, 2019, North Coast Testing Laboratories reported speciation results to the
licensee and the MMCP.5 Those lab results identified Aspergillus, a pathogenic fungus,
in both samples. Aspergillus can pose a health risk to patients, specifically those with
weakened immune systems.

On October 21, 2019, the MMCP communicated the results of the additional testing to patients.
At this time, the MMCP continued the administrative hold on the “Standard Drops” product to
complete the recall investigation.

The MMCP worked with the licensees to ensure all impacted packages were returned to Standard Wellness for
destruction. This included identifying and sealing samples to ensure packages were not tampered. The return process
took several weeks to complete.
4
See North Coast Testing Laboratories “Certificate of Analysis” document dated September 9, 2019.
5
See North Coast Testing Laboratories “Certificate of Analysis” document dated October 10, 2019.
3
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North Coast Testing Laboratories communicated to the MMCP additional testing was performed
at the request of Standard Wellness and provided the results on November 21, 2019. It was
communicated to the MMCP the additional testing was performed in order to identify potential
contamination sources. North Coast Testing Laboratories performed the testing on an empty
bottle that was used to package the product. This testing identified the empty bottle was
contaminated with one of the four viable pathogenic Aspergillus species.6 The MMCP was not
involved in identifying the samples and only participated in a follow-up conversation to
understand the process. Because of this, Commerce cannot independently confirm the conditions
the bottle samples were stored, collected, and identified for testing purposes. Therefore,
Commerce has not made a determination on these testing results.
The MMCP performed the following actions as a result of the product recall and
administrative hold:
•
•
•
•
•
•
•
•
•

Identified all products located at the processor and dispensaries that were affected by the
recall.
Communicated to patients that recalled products may be returned to dispensaries.
Communicated product recall updates including testing results to patients.
Required Standard Wellness to collect all unsold products located at dispensaries.
Required Standard Wellness to submit to additional testing.
Required product returned by a patient to be destroyed at the returned dispensary
location.
MMCP participated in a conference call with the packaging supply company, Kaufman’s
Containers. Kaufman’s Containers indicated that the manufacturer of the bottle was
“Taral Manufacturing” in California.
MMCP Compliance agents requested all licensed processors to identify the manufacturer
of product containers. No licensee identified the use of the same manufacturer.
Required Standard Wellness to complete a questionnaire regarding the recall.7

Standard Wellness performed the following actions related to the product recall:
•
•
•
•
•

Submitted to the MMCP a shelf life study for the “Standard Drops” product.8
Suspended manufacturing of the “Standard Drops” product.
Performed an internal investigation of product issues and voluntarily provided this
documentation to the MMCP.
Updated its Standard Operating Procedures (SOP). This included sterilization procedures
for product packaging.
Submitted “Standard Drops” products, including bottle packaging, for additional testing.

6

See attached document titled North Coast Testing Laboratories Certificate of Analysis “Analysis of Empty Bottle:
Summary of Results”
7
See attached document from Standard Wellness dated November 12, 2019.
8
See attached document titled “Reformulation of Standard Wellness Medicinal Drops”
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•
IV.

Timely responded to all requests by the Department.
Administrative Hold and Recall Metrics

Products Recalled:
•

Standard Drops

Product I.D.9’s Administrative Hold and Recalled10
•
•
•
•
•

M00000021820: Tin Oral Admin-4-0-27.5
M00000023909: Tin Oral Admin-3.67-0-30
M00000028304: Tin Oral Admin-4.64-0-23.7
M00000029501: Tin Oral Admin-4-0-27.5 Lemon
M00000029502: Tin Oral Admin-4-0-27.5 Spearmint

Product and Dispensary Metrics
•
•
•
•
•

Retail units delivered to dispensaries: 4,517
Number of patients that purchased product: 2,556 patients
Number of units dispensed to patients: 3,897
Returns: 696 patients returned product to dispensaries
Number of dispensaries impacted by recall: 18

Patient Adverse Events:
•
•
V.

Three adverse events were received by the Pharmacy Board.
Three complaints were received by Standard Wellness.
Conclusion

The MMCP, working in coordination with Standard Wellness, suspended sales of all “Standard
Drops” to investigate product issues. The subsequent testing, as part of the investigation,
identified that two samples from Standard Wellness’s “Standard Drops” product inventory were

All medical marijuana products must have an assigned Product ID to be accepted by a dispensary and
to enable submission of dispensation data to the Ohio Automated Rx Reporting System. This applies
to each medical marijuana strain and medical marijuana form and dose. The assignment of a Product
ID is to ensure that only products in compliance with MMCP regulations are available to patients and
their caregivers.
10
Two Product I.D.’s were available at dispensaries for purchase and recalled: M00000021820: Tin Oral Admin-40-27.5 and M00000028304. The additional Product I.D.s represents products that were in processor inventory and
placed on administrative hold.
9
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contaminated with the fungus Aspergillus. Aspergillus can pose a health risk to patients,
specifically those with weakened immune systems.
It is necessary for the MMCP to understand the full circumstances of the recall in order to
identify program improvements and reduce the potential for similar circumstances occurring in
the future. The MMCP performed a review and analysis of the Standard Wellness voluntary
recall which included but was not limited to, multiple conversations with Standard Wellness,
North Coast Testing Laboratories, and the bottle manufacturer. Standard Wellness also engaged
in an internal investigation and review of its facility.
To reduce the potential for future product contamination, Standard Wellness submitted extensive
documentation that detailed improved sterilization protocols for product manufacturing and
performed a shelf life study, which identifies how a product changes as it ages. The facility has
also passed multiple MMCP inspections. In addition to implementing process improvements
related to program recalls, the MMCP issued several communications to all licensees with
reminders that the Ohio Administrative Code requires MMCP licensees to implement practices
in facilities to maintain a safe and sterile environment.11 The MMCP is committed to ensuring
patients have access to safe products and will continue to identify program improvements, which
may include future regulatory updates, to ensure facilities are operating appropriately.

11

Ohio Administrative Code 3796:2-2-01 and Ohio Administrative Code 3796:3-2-01
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November 12, 2019
To: Jared Maloof, Standard Wellness
From: The Medical Marijuana Control Program, the Ohio Department of Commerce
The Ohio Medical Marijuana Control Program (MMCP) is performing a review of the
circumstances surrounding the voluntary recall. In order to assist the MMCP in the review, please
provide information and answers to the following questions. Please put an internal hold on all
documents related to voluntary recall. The MMCP may follow-up with additional questions.
1. What is the manufacturing process for “Standard Drops”?
Please see attachment A for our current SOP’s and information regarding the Company’s
reformulation.
2. When did manufacturing of “Standard Drops” begin?
The first Metrc tag was created on April 24, 2019
3. Were any changes made to the manufacturing process, after the date manufacturing began?
a. If so, please describe what and when:
On July 3rd, the Company made changes to the sterilization procedures of the bottles and droppers.
A copy of the original SOP’s (Attachment B) and the revised SOP’s (Attachment C) are attached to
this communication. Both of these versions of SOP’s have been superseded by those contained in
Appendix A.
As outlined in Attachment A, Standard Drops were reformulated to lower the pH to ≤ 3.6 using
citric acid. Acidification is to control the growth of pathogenic organisms. Antimicrobial
potassium sorbate was added to inhibit the growth of yeast, molds and spoilage organisms.
4. Were any operational changes made to Standard Wellness from the date manufacturing began
to the time the voluntary recalled occurred?
Among other changes, on July 23, 2019, Jared Maloof assumed the role of President of Standard
Wellness Company, LLC. Standard made the decision to recall the Drops on July 26. On the date
we communicated the recall Standard Wellness engaged a food safety expert to consult on, among
other things, our operating procedures for Drop production.
5. Did Standard Wellness perform any quality testing prior to manufacturing and selling “Standard
Drops”?
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Standard Wellness sent batches of Drops to North Coast Testing Lab to test for the following:
cannabinoid potency, cannabinoid profile, pesticides, residual solvents, microbials, moisture, heavy
metals, foreign matter, and mycotoxins.
6. If so, what were the results of the testing?
No batches tested exceeded the allowable limits for any of the above matters.
7. When did Standard Wellness first receive complaints regarding the condition of “Standard
Drops”?
The first complaint was submitted on June 25, 2019 and was received by management on June 26,
2019.
8. How many complaints did you receive prior to communicating the “voluntary recall” to
patients?
Three complaints from patients not associated with Standard Wellness and one from a patient who
is associated with Standard Wellness.
9. How did Standard Wellness address the complaints for “Standard Drops”?
On July 3, Standard Wellness verbally communicated to dispensaries with product that they should
replace or refund any patients who complained of discoloration or foreign matter in the Drops.
Standard Wellness would then provide to dispensaries a credit for any bottles reclaimed. Prior to
the recall, only one unrelated dispensary requested a refund for one bottle of drops. Additionally,
one patient from the Forest (related dispensary) returned a bottle of Drops and a refund was
provided. Certain communications with regulators occurred surrounding this procedure.
10. Provide any communications between Standard Wellness and dispensaries regarding “Standard
Drops”?
No written communications were made to dispensaries when the updated handling instructions
were provided. The Company initiated its communications with a phone call and then followed up
by delivering the updated handling instruction stickers in person to each dispensary which had
ordered the drops. Various emails were exchanged between Standard Wellness and dispensary
partners after the updated handling instructions were communicated. See attachment D for copies
of those communications.
11. Standard Wellness updated the labeling to include instructions on refrigerating the product after
use.
a. Why was this decision made?
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i. Was supporting information used to include the refrigerating after use label?
As a result of the patient complaint on received on June 26 and the internal employee’s report of
discoloration, Standard Wellness researched potential causes. However, having no means to test
the product, and no way to independently verify what the congealment or foreign matter was,
Standard took the following actions:
1) Improved sanitation procedures could only enhance what we believed to already be a safe
product
2) Encouraging patients to refrigerate after opening is a reliable method of inhibiting spoilage
and microbial growth and would serve to reduce the risk that Drops were being stored in
warm, damp areas where mold growth is enhanced.
The revised SOP’s which can be found in Attachment C detail the changes that Standard Wellness
made at that time. Additional changes outlined in Attachment A were deployed after the voluntary
recall.
12. Has Standard Wellness performed any additional investigation into how the contamination
occurred? If so, please provide details and findings.
Standard Wellness submitted approximately 20 bottles and droppers which were previously
contained in sealed boxes at Standard Wellness’s facility to North Coast testing labs to test for
aspergillus. The tested bottles were bought from the same supplier at approximately the same time
as the bottles used in the manufacture of the recalled Drops. Some of the bottles tested positive for
pathogenic Aspergillus spp. The results of that testing are incorporated as Attachment E to this
document.
Bottles and dropper lids were stored in sealed original packaging from the manufacturer. Standard
Wellness did not identify any potential source of contamination at the Gibsonburg facility.
13. Has Standard Wellness performed any additional investigation into the source of the aspergillus
contamination? If so, please provide details and findings.
See response to question 12. The dried marijuana flower used in the manufacture of the extract was
tested for pathogens, yeasts, molds, and mycotoxins prior to processing. All test results were
determined to be within acceptable range before utilization. The extraction and distillation process
is also sufficient to kill any pathogens, including aspergillus. Multiple tests conducted by North
Coast indicate the bottle to be the likely source of the Aspergillus contamination.
The MMCP may follow-up with additional questions. This could include in-person or
additional information requests.

Attachment A

October 21, 2019
Standard Wellness
105 Commerce Drive
Gibsonburg, OH 43431
Re: Reformulation of Standard Wellness Medicinal Drops
In response to complaints of spoilage in the Standard Wellness Medicinal Drops, the product has been
reformulated and additional safety measures have been taken with packaging. Formulation changes
include acidification to pH of ≤3.6 and the addition of Potassium Sorbate as a preservative/antimicrobial.
Packaging is sanitized with a quaternary ammonium compound and with heat, by bringing bottle and
dropper components to a surface temperature of ≥180˚F immediately prior to filling.
Included in this package is a HACCP plan to manage the manufacture of the Standard Wellness
Medicinal Drops, Validation of Critical Limits, and Certificated of Analysis of ongoing microbial studies.

Process Flow and Narrative – Medicinal Drops
Receiving Packaging

THC Distillate Input (From
Extraction/ Distillation Process)

Receive Ingredients

Ambient Storage

Ambient Storage

Ambient Storage

Calculate and Measure
Ingredients

Nano Stabilizer Input

Mix and Heat Distillate and Nano
Stabilizer
Add Water and Distillate/Nano
Stabilizer to Batch Reservoir

Distilled Water Input

Sonification

Aliquot Testing
THC Distillate/Nano Stabilizer
Stock Acidification – CCP
Unpack/Disassemble Lids

WIP Storage

Sanitize Lids and Bottles

Final Drops Formulation,
Acidification, Preservation – CCP

Heat Sanitization of
Containers – CCP

Bottle Filling

Lid Assembly

Capping

Sorbic Acid Input

Distilled Water, Sorbic Acid,
Potassium Sorbate Input

Labeling, Coding, Casing

Ambient Storage

Testing/Release

Standard Wellness
105 Commerce Dr.
Gibsonburg, OH 43431

Document #:
Revised: 10/06/2019

4.2.1 Manufacture of Concentrated Water-Sol Stock
Overview
This protocol outlines the procedure for the creation of a concentrated nanoemulsion which is
used to infuse edibles, and create a diluted version to be sold as “Drops.” The primary
equipment used in the manufacture of our concentrated water-soluble stock is a sonicator
manufactured by Industrial Sonomechanics. Besides the sonicator, we also utilize a proprietary
blend of oils and emulsifiers manufactured by Industrial Sonomechanics. This blend is
formulated to stabilize cannabinoids in a water-based mixture. The ingredients in this blend
are:
•
•
•
•
•
•

Refined Coconut Oil (carrier oil)
Vitamin E
Mixed Phospholipids
Distilled Water
Sorbic Acid (oil-soluble preservative)
Sodium Benzoate (water-soluble preservative)

This oil will be blended with distillate at a ratio of 5 parts oil to 1 part distillate and processed
in the Sonication equipment until particle size has been reduced and the emulsion has
stabilized.
Employee Safety
Noise is the biggest concern to employee safety during the manufacture of our concentrated
nanoemulsion. The employee should be outfitted with all basic laboratory PPE in additions to
ear plugs.
•

Protective eyewear with side guards

•

Nitrile exam gloves

•

Chemical resistant lab apron

•

Close toed shoes

•

Ear plugs

Equipment
In addition to the PPE listed above the processing agent will need to have at hand:
•

“Water-Sol Production Batch Sheets”

•

Industrial Sonomechanics BSP-1200 (flow-through configuration)

•

Brewer’s Edge Mash & Boil (heated ingredients reservoir)

•

IKA overhead stirrer

•

Heidolph peristaltic pump

•

Unused medical grade silicone tubing

Procedure
All contact surfaces must be sanitized prior to use. Employees must follow manufacturers
recommendations when mixing the sanitizer. Once the sanitizer has been mixed the technician
must use test strips to ensure the sanitizing solution has been mixed to the proper parts per
million range recommended by the manufacturer. At the point the technician should proceed
to sanitize all surfaces that will come in contact with product, including the batch reservoir,
stirring impeller, and reaction chamber of the sonication equipment. All hose fittings should
be sterilized as well. Once all surfaces have been cleaned and sanitized, the equipment should
be set up. Employees should assemble the reaction chamber, connect all hose fittings, and
position the batch reservoir and overhead stirrer in the proper configuration. Once all
components are in place the technician should acquire new medical grade silicone tubing and
connect the batch reservoir and the reaction chamber, so that product is being syphoned from
the bottom of the batch reservoir, and pumped into the top of the batch reservoir.
Once all components of the apparatus have been set up the technician should utilize the “Watersol Production Batch Sheets” to calculate how much Nanostabilizer, distillate, and distilled
water to prepare for the batch. The distilled water should be weighed out and added to the batch
reservoir. The reservoir should be set at 45o C and the water should be allowed to come up to
temperature.
Distillate and nanostabilizer should be weighed out at a 1:5 ratio (Distillate:Stabilizer) as per
the manufacturers recommendation into a cleaned tared beaker. This beaker should be placed
in a sanitized oven or on a hotplate set to 65o C until the mixture has been liquified and
homogenized.
Once the distilled water has reached 45o C, and the oil/distillate blend has been liquified and
homogenized, the peristaltic pump and overhead stirrer should be turned on to begin batch
flow. Just before adding the oil mixture the technician should turn on the sonication equipment.
At this point the oil mixture should be given a final stir before pouring it into the batch
reservoir. All weights and parameters should be recorded on the “Water-Sol Production Batch
Sheets.”
Depending on batch size it could take up to 5 or more hours for particle size reduction. While
the batch is circulating through the reaction chamber technicians should pull aliquots
throughout the run in order to determine how much progress is being made. Once the technician
has observed consistent clarity between 3 sequential aliquots, then the batch should be
considered finished. All data should be recorded in the “Water-Sol Production Batch Sheets.”
Once the batch is complete the technician should disconnect the silicone tubing from the inlet
of the reaction chamber. An 220nm in-line filter should be attached to the end of this tubing,
and the batch should be transferred into a cleaned, tared carboy. Once the entire batch has been
filtered and transferred into the storage carboy it should be stored in the walk-in refrigerator.

4.2.2 Manufacture of Drops - Updated
Overview
This protocol outlines the procedure for the creation of a diluted nanoemuslion to be sold as
“Drops.” These Drops are created by diluting a stock of concentrated nanoemulsion to a final
concentration dependent on product type. Once the nanoemulsion has been diluted to it’s final
target potency, the solution should be packaged into appropriately sized dropper bottles.
Employee Safety
Employees should utilize heat gloves when loading and removing trays from the vacuum oven.
Besides heat gloves, basic laboratory PPE should be utilized when making Drops.
•

Heat gloves

•

Protective eyewear with side guards

•

Nitrile exam gloves

•

Chemical resistant lab apron

•

Close toed shoes

Equipment
In addition to the PPE listed above the processing agent will need to have at hand:
•

“DROPS Production Batch Sheets”

•

Floor scale

•

Vacuum oven

•

Sanitized funnel

•

Sanitized carboy

•

VWR Zippette Pro Bottle-Top Dispenser

•

Growler bottles

•

Bench Scales (0.01g)

•

Dropper bottles and droppers.

Procedure
All contact surfaces must be sanitized prior to use. Before any packaging is sanitized
technicians should clean out the vacuum oven they intend to use with 200 proof ethanol and
sanitizer. Employees must follow manufacturers recommendations when mixing the sanitizer.
Once the sanitizer has been mixed the technician must use test strips to ensure the sanitizing
solution has been mixed to the proper parts per million range recommended by the
manufacturer. At this point the technician should proceed to sanitize all surfaces that will come
in contact with product. Dropper bottles and dropper tops should be sanitized first so that they
have time to dry in the oven. Dropper tops should be disassembled and soaked in sanitizer

along with dropper bottles. After these have soaked according to the instructions supplied by
the manufacturer of the sanitizer, the droppers and bottles should be loaded onto oven trays
and placed inside of a vacuum oven set at 94o C. Once the oven is loaded, vacuum should be
applied in order to speed the drying process. Growler bottles being used for packaging should
be sanitized and dried in the vacuum oven as well.
While the packaging is drying, technicians should prepare the diluted nanoemulsion.
Technicians should utilize the “DROPS Production Batch Sheets,” along with testing results
supplied by the internal testing lab, or third party testing lab, in order to determine their
dilution. Once all weights have been calculated, the technician should acquire a sanitized and
tared carboy and zero it out on the floor scale. Concentrated nanoemulsion and distilled water
should be added to this carboy in the calculated ratios filled out in the “DROPS Production
Batch Sheets”
Once packaging has been sanitized and the emulsion has been diluted to its final concentration
technicians should set up to fill dropper bottles. VWR Zippette Pro pumps should be fully
disassembled and sanitized. Technicians should sanitize and prepare their workspace by setting
up their benchtops scales, dropper bottles, dropper tops, growlers, and Zippette Pro Pumps.
Once the workstation has been set up technicians should fill the packaging growlers with the
diluted nanoemulsion and affix the Zippette Pro pumps to the top. The technician should begin
by setting the mL setting on the Zippette Pro equal to the number of grams of nanoemulsion
they wish to package. Once the first bottle is filled the technician should confirm that solution
weight dispensed is within +/- 0.02g of the desired value. The fill level of the pump should be
adjusted until it consistently dispenses the desired mass. Once the pump has been dialed in,
technicians should continue to fill bottles checking that each unit is within +/- 0.02g of the
desired value. A second technician should be capping the filled bottles with sanitized dropper
tops as soon as they have been filled. Packaging should commence until all bottles are filled.

Hazard Analysis – Medicinal Drops
Hazard Analysis

Process Step

Receive Packaging

THC Distillate Input

Identify all Potential
Biological, Chemical,
and Physical Hazards

Ambient Storage

Justify Decision in
Previous Column

Biological: Listeria
spp., E. coli,
Salmonella spp.,
Yeast/Mold

YES

Chemical: Allergen,
Contaminants

NO

Physical: Foreign
Objects

NO

Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold

NO

Distillation Process

Chemical: Allergen,
Contaminants

NO

Distillation Process;
No major food
allergens.

NO

Distillation Process

NO

Not likely to occur.
Shelf Stable

Physical: Foreign
Objects
Biological: Listeria
spp., E. coli,
Salmonella spp.,
Yeast/Mold
Receive Ingredients

Are Potential
Hazards
Significant at
this Step
(Yes/No)

Chemical: Allergen,
Contaminants
Physical: Foreign
Objects
Biological: Listeria
spp., E. coli,
Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects

NO
NO
NO
NO
NO

Historical risk of
contaminated
bottles.

What
Preventive
Controls can
be applied for
the Significant
Hazards?
Container and
Lid Heat
Sanitization

Is this
step a
Critical
Control
Point?
NO

Packaging fully
packaged;
manufactured under
GMP for food
products;
No major food
allergens.
Packaging fully
packaged during
transportation.

No major food
allergens; Food
grade additives
Product fully
packaged
Products are fully
packaged and Shelf
Stable.
Products are fully
packaged.
Products are fully
packaged.

Standard Wellness
105 Commerce Dr.
Gibsonburg, OH 43431

Document #:
Revised: 10/08/2019

Hazard Analysis – Medicinal Drops

Process Step

Nano Stabilizer Input

Identify all Potential
Biological, Chemical,
and Physical Hazards
Biological: Listeria
spp., E. coli,
Salmonella spp.,
Yeast/Mold
Chemical: Allergen,
Contaminants
Physical: Foreign
Objects
Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold

Calculate and
Measure Ingredients

Mix and Heat THC
Distillate and Nano
Stabilizer

Distilled Water Input

Are Potential
Hazards
Significant at
this Step
(Yes/No)

Justify Decision in
Previous Column

NO

Nano Stabilizer Shelf
Stable

NO

No major food
allergens.

NO

Not likely to occur

YES

Pathogens may grow
if not controlled

Chemical: Misformulation,
Contaminants

NO

Physical: Foreign
Objects

Not likely to occur.
Formulation control
and finished product
testing.

NO

Not likely to occur.

YES

Pathogens may grow
if not controlled

NO

Not likely to occur.

NO

Not likely to occur.

NO

Not likely to occur,
distilled.

NO

Not likely to occur

NO

Not likely to occur.

Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria
spp., E. coli,
Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects

Standard Wellness
105 Commerce Dr.
Gibsonburg, OH 43431

What
Preventive
Controls can
be applied for
the Significant
Hazards?

Is this
step a
Critical
Control
Point?

Acidification
for Shelf
Stability after
Sonification

NO

Acidification
for Shelf
Stability after
Sonification

NO
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Hazard Analysis – Medicinal Drops

Process Step

Add Distilled Water
and THC Distillate/
Nano Stabilizer

Sonification

Identify all Potential
Biological, Chemical,
and Physical Hazards

Are Potential
Hazards
Significant at
this Step
(Yes/No)

Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold

YES

Pathogens may grow
if not controlled

NO

Not likely to occur.

NO

Not likely to occur.

Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold

Aliquot Testing

Sorbic Acid Input

THC Distillate/ Nano
Stabilizer Stock
Acidification

Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects

Justify Decision in
Previous Column

YES

Pathogens may grow
if not controlled

NO

Not likely to occur.

NO

Not likely to occur.

YES

Pathogens may grow
if not controlled

NO

Not likely to occur.

NO

Not likely to occur.

YES

Pathogens may grow
if not controlled

NO

Not likely to occur,
formulation control
and pH monitoring

NO

Not likely to occur.

YES

Pathogens may grow
if not controlled

NO

Not likely to occur.

NO

Not likely to occur.

Standard Wellness
105 Commerce Dr.
Gibsonburg, OH 43431

What
Preventive
Controls can
be applied for
the Significant
Hazards?
Acidification
for Shelf
Stability after
Sonification

Is this
step a
Critical
Control
Point?
NO

Acidification
for Shelf
Stability after
Sonification

NO

Acidification
for Shelf
Stability after
Sonification

NO

Acidification
for Shelf
Stability

NO

Acidification
for Shelf
Stability

YES
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Hazard Analysis – Medicinal Drops

Process Step

WIP Storage

Distilled Water,
Sorbic Acid,
Potassium Sorbate
Input

Distilled Water Input

Final Drops
Formulation,
Acidification,
Preservation

Unpack/Disassemble
Lids

Identify all Potential
Biological, Chemical,
and Physical Hazards
Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria
spp., E. coli,
Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria
spp., E. coli,
Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects

Are Potential
Hazards
Significant at
this Step
(Yes/No)
NO
NO
NO

Justify Decision in
Previous Column
Not likely to occur,
acidified for shelf
stability
Not likely to occur,
sealed container.
Not likely to occur,
sealed container.

YES

Pathogens may grow
if not controlled

NO

Not likely to occur,
formulation control
and pH monitoring

NO

Not likely to occur.

NO

Not likely to occur,
distilled.

NO

Not likely to occur

NO

Not likely to occur.

YES

Pathogens may grow
if not controlled

NO

Not likely to occur.

NO

Not likely to occur.

YES

Historical risk of
contaminated
bottles.

NO

Not likely to occur.

NO

Not likely to occur.

Standard Wellness
105 Commerce Dr.
Gibsonburg, OH 43431

What
Preventive
Controls can
be applied for
the Significant
Hazards?

Is this
step a
Critical
Control
Point?

Acidification
for Shelf
Stability

NO

Acidification
for Shelf
Stability

YES

Container and
Lid Heat
Sanitization

NO
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Hazard Analysis – Medicinal Drops

Process Step

Sanitize Lids and
Bottles

Heat Sanitization of
Containers

Bottle Filling

Identify all Potential
Biological, Chemical,
and Physical Hazards
Biological: Listeria
spp., E. coli,
Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria
spp., E. coli,
Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria
spp., E. coli,
Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects

Lid Assembly

Capping

Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria
spp., E. coli,
Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects

Are Potential
Hazards
Significant at
this Step
(Yes/No)

Justify Decision in
Previous Column

YES

Historical risk of
contaminated
bottles.

NO

Not likely to occur,
Sanitizer Testing

NO

Not likely to occur.

YES

Historical risk of
contaminated
bottles.

NO

Not likely to occur.

NO

Not likely to occur.

NO

Not likely to occur,
pH controlled.

NO

Not likely to occur

NO

Not likely to occur,
VWR Zippette Filler
prevents F.O. over
3mm

NO

Not likely to occur.
Sanitized, GMP

NO

Not likely to occur.

NO

Not likely to occur.

NO

Not likely to occur,
pH controlled.

NO

Not likely to occur

NO

Not likely to occur.

Standard Wellness
105 Commerce Dr.
Gibsonburg, OH 43431

What
Preventive
Controls can
be applied for
the Significant
Hazards?

Is this
step a
Critical
Control
Point?

Container and
Lid Heat
Sanitization

NO

Container and
Lid Heat
Sanitization

YES
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Hazard Analysis – Medicinal Drops

Process Step

Labeling, Coding,
Casing

Ambient Storage

Testing/Release

Identify all Potential
Biological, Chemical,
and Physical Hazards
Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects

Are Potential
Hazards
Significant at
this Step
(Yes/No)
NO
NO
NO
NO
NO
NO
NO
NO
NO

Justify Decision in
Previous Column
Not likely to occur,
acidified for shelf
stability
Not likely to occur,
sealed package
Not likely to occur,
sealed package
Not likely to occur,
acidified for shelf
stability
Not likely to occur,
sealed package
Not likely to occur,
sealed package
Not likely to occur,
acidified for shelf
stability
Not likely to occur,
sealed bottle
Not likely to occur,
sealed package

Standard Wellness
105 Commerce Dr.
Gibsonburg, OH 43431

What
Preventive
Controls can
be applied for
the Significant
Hazards?

Is this
step a
Critical
Control
Point?
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Critical Control Points – Medicinal Drops
Critical Control
Point (CCP)
Significant
Hazard
Critical Limits
Monitoring

What
How
When
Who

Corrective Action
Records
Verifications
Critical Control
Point (CCP)
Significant
Hazard
Critical Limits
Monitoring

What
How
When
Who

Corrective Action
Records
Verifications

Heat Sanitization of Containers
Pathogenic Bacteria Growth: Listeria monocytogenes, E. coli, Salmonella spp., Yeasts and
Molds
Surface Temperature of Containers is ≥180˚F
Surface Temperature of Containers
Temperature Indicating Strips
Every heat treatment
Trained personnel
If temperature indicating strip does not turn black, then replace sticker with unused
sticker and reprocess load. Do not use containers until heat sanitization has been
completed.
Drops Batch Sheet
Review monitoring, corrective action, verification records within 1 week of preparation.

THC Distillate/Nano Concentrate Stock Acidification
Pathogenic Bacteria Growth: Listeria monocytogenes, E. coli, Salmonella spp., Yeasts and
Molds
Stock pH ≤3.6
pH of Stock
Potentiometric Measurement with pH Meter
Every Batch
Trained personnel
If pH exceeds 3.6, have trained chemist check formulation and adjust as necessary.
Adjust pH to be ≤3.6 and remeasure. Do not complete or store stock until appropriate
pH has been met.
Drops Batch Sheet
pH Meter Calibration
Review monitoring, corrective action, verification records within 1 week of preparation.

Standard Wellness
105 Commerce Dr.
Gibsonburg, OH 43431
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Critical Control Points – Medicinal Drops
Critical Control
Point (CCP)
Significant
Hazard
Critical Limits
Monitoring

What
How
When
Who

Corrective Action
Records
Verifications

Final Formulation Acidification
Pathogenic Bacteria Growth: Listeria monocytogenes, E. coli, Salmonella spp., Yeasts and
Molds
Stock pH ≤3.6
pH of Stock
Potentiometric Measurement with pH Meter
Every Batch
Trained personnel
If pH exceeds 3.6, have trained chemist check formulation and adjust as necessary.
Adjust pH to be ≤3.6 and remeasure. Do not complete or store stock until appropriate
pH has been met.
Drops Batch Sheet
pH Meter Calibration
Review monitoring, corrective action, verification records within 1 week of preparation.

Standard Wellness
105 Commerce Dr.
Gibsonburg, OH 43431
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The thermal inactivation of microorganisms obeys the firstorder (FO) model (1, 12). The D value in sterilization is also
based on the same assumption. However, we have often observed a shoulder at the beginning of the thermal process and
a tail after an accelerated decline in the inactivation curve of
an organism. These are observed not only for bacteria but also
for fungi and yeasts (2, 3, 5, 9, 12). Moreover, D values are
generally obtained from the linear portion of a (sigmoidal)
survival curve (2, 5, 8, 12). Thus, thermal sterilization of products such as foods or drugs in factories calculated from D
values or the FO model only might lead to insufficient inactivation.
Cerf (3) reviewed the tailing of thermal inactivation of bacterial spores. Several investigators have proposed kinetic models to describe nonlinear inactivation of bacterial cells (2, 6, 7,
11). On the other hand, the inactivation kinetics for fungal
spores have been little studied (5). Tailing in the survival curve
for fungal spores is often striking compared with bacteria and
their spores. It is very difficult to completely destroy the viability of fungal spores in foods by pasteurization, even if they
had a D value shorter (a higher sensitivity to heat) than that of
bacterial cells. In this study, therefore, we investigated the
nonlinear thermal inactivation of fungal spores, especially the
tailing. Aspergillus niger was used as a test strain because it is a
common contaminant of foods and other products (10).

the spore suspension prepared as above was equilibrated at 258C in a Pyrex test
tube (10 mm in inner diameter and 100 mm high) with a tight plastic cap. The
sample was heated at a constant temperature of 56 to 628C in a water bath unit
(Jr-100; Taitec Corporation, Koshigaya, Japan). The surface of the sample was
positioned about 20 mm under the surface of the circulating water in the bath.
The temperature of the sample was monitored with a digital thermometer (HL-2;
Anritsu Meter Co., Ltd., Tokyo, Japan). The head of the thermometer probe was
positioned at the geometric (cylindric) center of the sample. The heating period,
t at a constant temperature was defined as t 5 tr 1 th, where tr is the temperaturerising period and th is the temperature-holding period. From the temperature
history patterns, the period tr was 2 min for all temperatures investigated. During
the period tr, the sample substantially reached the designated temperature, with
a difference of less than 0.28C.
Heat treatment of spore suspension. The cell suspension was heated in the
same manner as for the temperature measurement. Immediately after the treatment, the sample was cooled in ice water.
Estimation of viable-cell count. The heated cell suspension was diluted serially
with sterile saline. A 0.5-ml portion of the dilution was spread on a potato
dextrose agar plate in duplicate and incubated at 258C for 1 week. The numbers
of fungal colonies grown on the plates were then counted.
Thermotolerant-subpopulation (TTSP) model. The thermal inactivation curve
of A. niger spores consisted of a shoulder, an accelerated decline, and a tail. We
postulated that during heating, thermotolerant cells would be generated as a
proportion, p, of the total cell population. Here, 0 , p ! 1. The rest of the
population, 1 2 p, would consist of thermally normal, sensitive cells. Then we
postulated that both tolerant and normal cells would be inactivated following the
first-order kinetics with rate coefficients of k1 and k2, respectively. Here, k1 , k2.
In this model, the tolerant cells would dominate the surviving cells at the tailing
portion. The shoulder of the inactivation curve is treated as a time delay, td, of
the normal cell inactivation. The kinetics of the whole spore population of the
model, therefore, is shown by the following equation:
N/N0 5 p exp (2k1t) 1 (1 2 p) exp [2k2 (t 2 td)]

MATERIALS AND METHODS

(1)

where N and N0 are the numbers of living cells per unit volume at times t and 0,
respectively.
The model was applied during the temperature-holding period, th. The thermal inactivation during the temperature-rising, period tr, was not analyzed in this
study, because the inactivation during this period could not be analyzed. Thus,
N2, the number of surviving cells heated for 2 min (tr), was substituted for N0 in
equation 1 for each experiment.
Estimation of model parameters. The TTSP model describes a biphasic curve
in a semilogarithmic plot of the survival rate, N/N0, and t. The value of k1 was
estimated from the slope in the linear portion of the curve (4). All experimental
results in this study showed that the tailing was kept at a constant survival rate,
as shown below. This meant that k1 5 0 in those experiments. Thus, the survival
ratio at the tail was directly equal to p. Then the values of k2 and td were
estimated by a linear regression method for ln (N/N0) and t.
Estimation of rate coefficients of the FO model. The rate coefficient, k, of a
conventional FO model for a thermal inactivation curve shown in the following
equation was estimated (1): 2dN/dt 5 kN. That is, k was calculated by a linear
regression method from the linear portion of the curve showing the slope of
decline (2, 8)
Heating of cultured thermotolerant cells. The spore suspension (2 3 106 cells
per ml) was heated at 588C for 30 min and cooled in ice water. Some portion of

Fungal strain. A. niger 326 was isolated from food at our laboratory. The strain
had an intermediate thermal sensitivity with respect to several A. niger strains in
our collections.
Spore suspension. The strain was cultured on potato dextrose agar plates
(Eiken Chemical, Tokyo, Japan) with 0.01% (wt/vol) chloramphenicol at 258C at
a humidity of 94% for 1 week. After a portion (about 15 ml) of 0.1 M dibasic
sodium phosphate adjusted with 0.05 M citric acid monohydrate to pH 7.0 (PC)
with 0.005% (vol/vol) Tween 80 was poured onto the plate, spores were suspended in PC buffer by rubbing gently with a glass rod. Clumped spores in PC
buffer were scattered by sonication for 2 min. The suspension was filtered twice
through a glass wool column to remove hyphae. The spore concentration of the
suspension was estimated with a hemocytometer. The suspension was diluted
with PC buffer to make 2 3 106 cells per ml.
Temperature history measurement of spore suspension. A 3.5-ml portion of

* Corresponding author. Mailing address: Department of Microbiology, Tokyo Metropolitan Research Laboratory of Public Health,
3-24-1 Hyakunin-cho, Shinjuku, Tokyo 169, Japan. Phone: 03-33633231. Fax: 03-3368-4060.
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The nonlinear thermal inactivation of Aspergillus niger spores in phosphate-citrate buffer was studied. The
thermal inactivation pattern of the spore consisted of a shoulder, an accelerated decline, and a tail at various
constant temperatures around 60&C. The pattern fitted a thermotolerant subpopulation model. In the model,
we postulated that some spores in the initial population had become thermotolerant at a certain ratio during
heating. The model parameters including the rate coefficients, the time lag, and the existence ratio of thermotolerant cells were analyzed at various temperatures. The tailing was not observed at an initial concentration below 103 cells per ml. Cells cultured from thermotolerant cells showed an inactivation pattern similar to
that of the original cells. Also, cells at the second heating showed the same thermotolerance as or were slightly
more thermosensitive than the original cells. Intermittent heating was found to be effective to inactivate cells
at a high concentration.
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spore suspension was heated again at 588C in the same manner as for the
temperature measurement then cooled. As a control, previously unheated spores
at a concentration of about 103 cells per ml were also heated.
Heating at intervals. The spore suspension (about 107 cells per ml) was heated
at 588C for 30 min in the same manner as for the temperature measurement and
cooled. After 3 h at 258C, the spore suspension was heated again for 30 min and
cooled. Finally, after 3 h at 258C, the cell suspension was heated for 30 min and
cooled. For each heating, the thermal inactivation pattern of the spores was
investigated.
Statistical analyses. The experimental data were statistically analyzed by using
Student’s t test. The statistically processed values were expressed as the mean
and standard deviation.

RESULTS
Inactivation patterns at different temperatures. The thermal
inactivation pattern of A. niger spores at a constant temperature of 56 to 628C consisted of a shoulder, an accelerated
decline, and then a tail (Fig. 1). The shoulder (or the time lag)
was smaller at higher temperatures. The slope of the decline
portion was steeper at higher temperatures. The tail was unchanged during heating at all temperatures. The TTSP model
accurately described these inactivation patterns of the spores
(Fig. 1).
The parameter values of the model for these patterns were
then analyzed. The k1 value was zero at these temperatures,
because the tail was horizontal. The Arrhenius plot of k2 was
linear with a high correlation coefficient (r 5 0.9985) (Fig. 2).
From the slope of the plotted line, the activation energy of
inactivation was 6.50 3 105 6 2.47 3 104 J/mol. The rate
coefficients of the FO model for these inactivation patterns
were also analyzed for comparison. The Arrhenius plot for this
model was also highly linear (r 5 0.9981), and the activation
energy was 6.49 3 105 6 2.82 3 104 J/mol (Fig. 2). No significant differences in the rate coefficients and the activation
energy were found between the models at a level of 0.05.
The survival ratio, p, was then analyzed (Table 1). p was
categorized into p1 and p2, which are the survival ratios N/N2
FIG. 1. Thermal inactivation curve of A. niger cells at constant temperatures.
(a) 568C; (b) 588C; (c) 608C; (d) 628C. Dashed lines are lines fitted by the TTSP
model.

the heated suspension was spread on potato dextrose agar plates and incubated
at 258C for 1 week. The cultured spores were suspended in PC buffer and heated
at 588C in the same manner as for the temperature measurement then cooled.
Reheating of thermotolerant cells. The spore suspension (2 3 106 cells per ml)
was heated at 588C for 30 min and cooled. After different intervals at 258C, the

TABLE 1. Survival ratios of the TTSP model
Temp
(8C)

p1 (mean 6 SD)a

p2 (mean 6 SD)a

56
58
60
62

2.83 3 1024 6 1.78 3 1024
3.87 3 1024 6 1.03 3 1024
8.00 3 1024 6 2.00 3 1024
2.55 3 1023 6 3.50 3 1024

2.76 3 1024 6 1.68 3 1024
3.56 3 1024 6 9.80 3 1025
5.17 3 1024 6 1.23 3 1024
3.64 3 1024 6 3.79 3 1025

a

Values were obtained from four experiments at each temperature.
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FIG. 2. Arrhenius plot for the rate coefficient k2. Symbols: F, TTSP model;
■, FO model. Solid and dashed lines are linear regression lines for the TTSP and
FO models, respectively.

VOL. 62, 1996

TAILING OF THERMAL INACTIVATION OF FUNGAL SPORES

and N/N0, respectively. p1 was higher at higher temperatures.
Interestingly, the p2 values were almost constant, around 3 3
1024 to 5 3 1024, at these temperatures.
The delay, td, was longer at a lower temperature. The semologarithmic plot of td versus the temperature was linear (r 5
0.9826) (Fig. 3).
Inactivation patterns at different concentrations. Thermal
inactivation profiles of A. niger spores at different initial cell
concentrations were then studied. At a concentration higher
than 104 cells per ml, the inactivation pattern consisted of a
shoulder, an accelerated decline, and a tail (Fig. 4). At those
initial concentrations, the inactivation curves were almost in
parallel, suggesting that the rate coefficient of the decline portion and the survival ratio at the tail of these curves were
almost invariable. On the other hand, at concentrations lower
than about 103 cells per ml, the tail of the curve was not clear,
and during the heating phase, the cell concentration was finally
reduced to zero (Fig. 4).
Inactivation pattern of thermotolerant cells. The thermal
inactivation of thermotolerant spores was analyzed. The cells
surviving at the tail portion in the inactivation curve were
grown again on an agar plate. Those cells had an inactivation
pattern similar to that of the original cells (Fig. 5). This indicated that those cells were as thermosensitive as the original
cells.
The cells that survived at the tail portion in the inactivation
curve were heated again at different intervals. The reheated
cells had the same thermotolerance as or were slightly more

FIG. 4. Thermal inactivation curve of A. niger cells at various initial cell
concentrations. The initial cell concentrations were about 106 (■), 104 (F), 103
(ç), and 102 (å) cells per ml. Cells were heated at 588C.

FIG. 5. Thermal inactivation curve of A. niger cells cultured from thermotolerant cells. Symbols: F, cells cultured from surviving cells; ■, original cells.
Asterisks show values that are significantly different at a level of 0.025.

thermosensitive than the original cells (Fig. 6). This showed
that the thermotolerance was easily lost once the cells were
heated. The duration of the interval had no effects on the
thermal inactivation of the cells (Fig. 6).
Inactivation of cells at a high concentration. Since the tailing in the thermal inactivation curve of the cells was marked at
a high cell concentrations, a set of thermal treatments at intervals was conducted for complete sterilization (Fig. 7). First,
cells at a high concentration of about 107 cells per ml were
heated at 588C for 30 min. At that time, the cell concentration
was reduced to about 104 cells per ml. For the second run, the
inactivation pattern also had a tail. The cell concentration at
the tail was about 101 to 102 cells per ml. For the third run, a
slight tail was observed, and the cell concentration was finally
reduced to less than 1 cell per ml. This indicated that complete
sterilization could be obtained by intermittent heating at a high
cell concentration.
DISCUSSION
The tailing in the thermal inactivation of A. niger spores was
observed for long periods and at high temperatures in a preliminary study. That is, the tailing was unchanged for periods
longer than 60 min at 588C and a slight tailing was observed at
high temperatures between 70 and 908C. At these higher temperatures, the decrease in cell number during the period tr was

FIG. 6. Reheating of thermotolerant A. niger cells after an interval. Surviving
cells heated at 588C for 30 min were reheated at 588C after intervals of 3 h (F),
6 h (å), or 24 h (Ç). The control (■) was heated at an initial cell concentration
of 103 cells per ml. Asterisks show values that are significantly different at a level
of 0.025.
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FIG. 3. Semilogarithmic plot of the time lag, td. A solid line is a linear
regression line for the time lag.
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ln td 5 35.0 2 0.587T

(2)

where T is the temperature. p1 was approximated by a polynomial equation:
ln p1 5 0.000103T 2 2 0.0118T 1 0.337

marked. Thus, the range for analyses in the kinetic study during th was very narrow at these temperatures, making it very
difficult to estimate the model parameters. The experiments,
therefore, were done at around 608C, where the inactivation
kinetics were studied with precision. On the other hand, agglomerated cells were not seen during thermal treatments.
This indicated that the thermotolerance of cells was not due to
the agglomeration of the cells.
In the TTSP model, thermotolerant cells were considered to
appear during heating in the initial population. Cells cultured
from surviving cells were not thermotolerant (Fig. 5). Also, the
tolerance was not observed once surviving cells were heated
(Fig. 6). Therefore, the nature of the tolerance may be transient or apparent. However, when the concentration of the
surviving cells was high, i.e., .103 cells per ml, some of these
cells survived at a similar ratio after the second heating (Fig. 7).
The survival ratio, p1 was higher at higher temperatures
(Table 1), because the survival ratio for the period tr, pr (5N2/
N0), was lower at higher temperatures and p2 was almost constant at all temperatures. Here, p2 5 p1pr.
The TTSP model parameters in equation 1 were evaluated
from the relationships between the parameters and the temperatures. k2 was evaluated from the Arrhenius plot (Fig. 2). td
was approximated from the semilogarithmic plot (Fig. 3) by the
following equation:

The parameter values at a given temperature could be calculated from those relationships. The predicted inactivation pattern at the temperature calculated with these parameter values
accurately described the experimental data (Fig. 8). This
showed that the TTSP model would be useful for prediction of
the thermal inactivation profile of the microbe.
The intermittent-heating experiment was performed because the cells at the tail portion were not thermotolerant once
they were heated (Fig. 6) and because some cells in the original
population had survived at a certain rate, p2, after a single
heating (Table 1). Intermittent heating has been used for inactivation of bacterial spores which transform into vegetative
forms during the interval. However, in our study, the treatment
was effective for sterilization from a different point of view.
Pasteurization is used to inactivate food-borne pathogens, not
to destroy all microorganisms in the products. Thus, if one
needs to completely destroy contaminating fungal spores in a
product and if the quality of the product is not damaged by
intermittent heating, the treatment would be effective. The
treatment might also be effective for elimination of bacterial
cells which show tailing after a single heating.
On the other hand, the 12-D concept has been widely applied for thermal sterilization in food industries. The concept is
based on the FO inactivation of microorganisms, especially
thermotolerant bacterial spores. Therefore, this would not be
simply compared with the intermittent heating studied in this
study, which is based on the characteristics of tailing of microbial cells.
Our study revealed that when the initial spore concentration
was less than 103 cells per ml, the tailing would not be observed
in thermal inactivation at the temperatures studied. This is
related to the fact that the value p2 was about 1/3,000 (Table 1).
That is, when the initial cell concentration was 103 cells per ml,
the cell concentration at the tail portion is less than 1 cell per
ml by use of the p2 value; the tail could not be observed.
The shoulder in the thermal-inactivation pattern of the
spores was described as the time lag in the TTSP model. This
makes the shoulder of the predicted curve a broken line. The
actual shoulder was not a broken line but a curve, as shown in
Fig. 1. Thus, the model requires further improvement.

ACKNOWLEDGMENTS
We thank S. Morozumi and T. Wauke for their helpful advice on
fungi and T. Tsuchido for his valuable suggestions about the experiments.
REFERENCES

FIG. 8. Inactivation curve predicted by the TTSP model. The parameters
were estimated at 588C by the interpolation method. A dashed line was generated by the model with these estimated parameters. The microbiological experimental data were those shown in Fig. 1b.

1. Bailey, J. E., and D. F. Ollis. 1986. Biochemical engineering fundamentals,
2nd ed. McGraw-Hill Book Co., New York.
2. Bhaduri, S., P. W. Smith, S. A. Palumbo, C. O. Turner-Jones, J. L. Smith,
B. S. Marmer, R. L. Buchanan, L. L. Zaika, and A. C. Williams. 1991.
Thermal destruction of Listeria monocytogenes in liver sausage slurry. Food
Microbiol. 8:75–78.
3. Cerf, O. 1977. A review: tailing of survival curves of bacterial spores. J. Appl.
Bacteriol. 42:1–19.
4. Fujikawa, H., and T. Itoh. Characteristics of a multicomponent first-order
model for thermal inactivation of microorganisms and enzymes. Int. J. Food
Microbiol., in press.
5. King, A. D., H. G. Bayne, Jr., and G. Alderton. 1979. Nonlogarithmic death
rate calculations for Byssochlamys fulva and other microorganisms. Appl.

Downloaded from http://aem.asm.org/ on October 7, 2019 by guest

FIG. 7. Intermittent heating of A. niger cells. Cells were heated up to three
times at 588C for 30 min at 3-h intervals. Inactivation curves I, II, and III
correspond to the numbers of heat treatments applied.

(3)

VOL. 62, 1996

TAILING OF THERMAL INACTIVATION OF FUNGAL SPORES

Environ. Microbiol. 37:596–600.
6. Komemushi, S., and G. Terui. 1967. On the change of death rate constant of
bacterial spores in the course of heat sterilization. J. Ferment. Technol.
45:764–768.
7. Moats, W. A. 1971. Kinetics of thermal death of bacteria. J. Bacteriol.
105:165–171.
8. Pfeifer, J., and H. G. Kessler. 1994. Effect of relative humidity of hot air in
the heat resistance of Bacillus cereus spores. J. Appl. Bacteriol. 77:121–128.
9. Roberts, T. A., and A. D. Hitchins. 1969. Resistance of spores, p. 611–670. In

3749

G. W. Gould and A. Hurst (ed.), The bacterial spore. Academic Press, Ltd.,
London.
10. Samson, R. A., E. S. Hoekstra, J. C. Frisvad, and O. Filtenborg. 1995.
Introduction to food-borne fungi, p. 64–65. Centraalbureau voor Schimmelcultures, Baan, The Netherlands.
11. Sapru, V., G. H. Smerage, A. A. Teixeira, and J. A. Lindsay. 1993. Comparison of predictive models for bacterial spore population resources to sterilization temperature. J. Food Sci. 58:223–228.
12. Stumbo, C. R. 1973. Thermobacteriology in food processing. Academic
Press, Inc., Orlando, Fla.

Downloaded from http://aem.asm.org/ on October 7, 2019 by guest

1257
Journal of Food Protection,
Copyrighl©,

International

Association

Vol. 58, No. 11, Pages 1257-1259
01 Milk, Food and Environmental

Sanitarians

A Research Note

Antimicrobial Effectiveness of Potassium Sorbate and
Sodium Benzoate against Zygosaccharomyces bailii in
a Salsa Mayonnaise
CHARLES E. WINDI* and LAWRENCE RESTAIN02
'Mullins Food Products, 2200 South 25th Avenue, Broadview, IL 60515; and 2R & F Laboratories,
(MS# 94-279: Received 8 December]

ABSTRACT

The antimicrobial effectiveness of sodium benzoate and potassium sorbate (0.05, 0.10,0.20 and 0.30%, wt/wt), separately and in
equal combinations,
were evaluated against the growth of
Zygosaccharomyces bailii in an artificially inoculated salsa mayonnaise stored at room temperature (23 to 25°C). Potassium sorbate
was able to suppress the growth of Z. bailii significantly (P < 0.05)
more than sodium benzoate did, whereas no significant difference in
growth was calculated between potassium sorb ate and the combination in equal amounts of the two preservatives. Equal concentrations
of the two preservati ves were, however, significantly (P < 0.05) more
effective than sodium benzoate in suppressing the growth of the yeast
in a salsa mayonnaise. At the investigated concentrations, the preservative systems did not prevent spoilage of the product by Z. bai/ii.
Therefore, the use of yeast-free ingredients, clean and sanitary
equipment, and strict adherence to good manufacturing practices
during manufacture and packaging is required to produce a salsa
mayonnaise free of spoilage microorganisms.
Key words: Zygosaccharomyces

bai/ii, preservative, mayonnaise

New products
such as salsa mayonnaise,
created by
adding spicy salsa sauce to traditional
condiments,
have
become popular in the United States. Salsa mayonnaise
is a
blend of mayonnaise and Mexican-style
salsa sauce, which is
a tomato-based
product containing
onions, chile peppers,
vinegar, and piquant spice (4, 7).
Spoilage of mayonnaise can occur when it is mixed with
brined products such as relish, chile sauce, olives, or pimentos
(1, 5). Mayonnaise
can be spoiled by yeasts (5), molds (12),
and lactic acid bacteria (12), with the osmotolerant
yeast
Zygosaccharomyces haifii being the most common spoilage
organism (4, 8-10,12,14-16). Spoilage is characterized
by
the production of gas, slight separation of product, and off or
"yeasty" odor (5,7,9,12,14).
Sodium benzoate and potassium sorbate are commonly
used alone or in combination
to control the growth of yeasts,
molds and bacteria in mayonnaise-based
products (2,10, 12,
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14). The activity ofthese preservatives
increases as the pH of
the product decreases due to the formation of undissociated
acid (14). The optimal pH ranges for these preservatives
are
2.5 to 4.0 for sodium benzoate (2) and 6.5 or less for potassium
sorbate (2, 14).
The purpose of this study was to determine the effects of
sodium benzoate and potassium sorbate at various concentrations against the growth of Z. baWi artificially inoculated into
a salsa mayonnaise product.
MATERIALS

AND METHODS

Preparation of salsa mayonnaise
The formulation of salsa mayonnaise consisted of 10,528.64 g
of soybean oil, 4,07 1.89 g of water, 934.09 g of egg yolks (containing
10% wt/wt, NaCl), 707.32 g of vinegar (120 grain), 489.72 g of
brinedjalapeno peppers, 353.68 g of high fructose com syrup, 335.55
g of tomato paste, 163.24 g of salt, 95.22 g of mustard. flour, 68.02
g of cumin, 54.41 g xanthan gum, 27.21 g cilantro, 13.60 g of garlic
powder, 9.07 g of onion powder, 9.07 g of dehydrated onions, 1.36
g of jalapeno powder, 0.75 g. of calcium disodium ethylenediaminetetraacetate, and 0.27 gof citric acid. All ingredients except
the egg yolks and oil were mixed and cooked to 100°C in a laboratory
scale steam-jacketed kettle. After the mixture cooled, the egg yolks
and soybean oil were added to form the emulsion, using a Scott
Turbon mixer. The product was packaged in a 5-gal polypropylene
pail (sanitized priorlo use) and refrigerated until use. Aliquots of250
g of salsa mayonnaise were aseptically added to sterile stomacher
bags (400-ml capacity; Tekmar). Various levels of sodium benzoate
and potassium sorbate (wt/wt) were added to the stomacher bags and
blended by the stomacher (Seward Medical) for 4 min at high speed
to completely dissolve the preservative in the mayonnaise. The final
preservative concentrations separately and in equal amounts were
0.05, OJ, 0.2, and 0.3%. The chemical characteristics of the salsa
mayonnaise were pH 3.74, acid (as acetic acid) 0.46%, salt (as NaCI)
1.51 %, fat 66.50%, and moisture 28.10%; the water activity was
0.949 (21.6°C).
Yeast strain culture and growth
Z. bailii (isolated from mayonnaise) was obtainedJrom Si11iker
Laboratories, Chicago Heights, fL. The culture was maintained on
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Difco Laboratories (Detroit, MI) Sabouraud dextrose agar slants
(SDA) and stored at 4°C. BBL (Cockeysville, MD) Sabouraud liquid
broth modified antibiotic medium 13 (SDB) was made according to
the manufacturer's directions and dispensed into 100-ml dilution
bottles and autoclaved. A loopful of yeast cells from the SDA was
aseptically transferred to the SDB bOllles and incubated at room
temperature (23to 25°C) for two days. After incubation, a loopful of
cells was transferred to a subsequent bottle of SDB. From the second
bottle ofSDB, 0.5 ml of yeast cells was transferred to lOOml ofDifco
tryptic soy broth without dextrose containing 0.3 g of Tween 80 and
160 g of salsa mayonnaise (without preservative) and incubated at
room temperature (23 to 25°C) for 22 days to provide a yeast culture
acclimated to the product environment.
Inoculation of the mayonnaise and enumerating procedures
The salsa mayonnaise containing the acclimated Z. bailii cells
was diluted I: 1,000 using sterile deionized water and 1.0 ml was
pipetted into the stomacher bags containing the salsa mayonnaise
with the various preservative levels, yielding approximately 500
yeast cells per ml. The inoculated bags were stomached for 2 min at
high speed. Appropriate controls with and without preservatives and
yeasts were prepared. Inoculated product was held at room temperature (23 to 25°C) and sampled for a 27-day period, enumerating
initial counts at day 0 and sampling every 3 days. Sampling continued until the population of a particular sample reached a level of 107
cells per g, at which time further enumeration of that sample was
ended.
Enumerationsof the surviving yeasts was obtained using the
pour plate technique. Samples were plated in triplicate on unacidified
BBL potato dextrose agar (PDA). Plates were incubated for 3 to 5
days at room temperature (23 to 25°C). Plates containing between 25
and 250 colonies were counted.

Statistical analysis
Data were converted to 10glOnumber of yeast cells per gram and
geometric means were obtained. Standard linear regression methods
for populations of exponentially growing cells were used to determine the slope. The number of generations was determined by the
following equation: (loglo final cell concentration -Ioglo initial cell
concentration)/0.301.
Therefore growth rates (number of generations per day) were plotted versus preservative concentration, and
the Hill model (11), a variation of the Michaelis-Menten equation,
was used to determine the relationship between growth rate and
preservative concentrations. F-tests at 95% confidence levels were
ised tp determine significance for the nonlinear inhibition curves (6).

RESULTS AND DISCUSSION

potasssium
sorbate, Z. bailii cells continued to grow
salsa mayonnaise after 28 days at room temperature.
potassium sorbate or sodium benzoate concentrations
be used due to government
regulations
and because
flavors due to the preservatives
(2, 14).

in the
Higher
cannot
of off

115

Col<eriralion 01Pr•••• ,O" (% wl'ltll

Figure 1. Effects of various concentrations of preservatives
on the survival ofZygosaccaromyces
bailii in salsa mayonnaise. Symbols: ~, sodium benzoate; 0, potassium sorbate;
0, combination of sodium benzoate and potassium sorbate.
The effectiveness
of preservative
action is attributed to
the amount of undissociated
acid formed (14), which may
explain why potassium sorbate is more effective than sodium
benzoate when equal weights of the two are compared in acid
products. At pH 3.74, 87.5% of sorbic acid exists in the
undissociated
form (13), compared with 66.7% of benzoic
acid (3), which may account for the significant
degree of
effectiveness
seen in controlling
the growth of Z. bailii for
potassium sorbate compared to sodium benzoate at the same
preservative
concentration.
Factors governing spoilage by microorganisms
are complex and may involve the environment,
food composition
including preservatives,
and processing conditions (2). Sodium benzoate and potassium
sorbate, commonly
used in
acidic food products such as mayonnaise,
are two antimicrobial agents whose antimicrobial
activity is dependent
on
inoculum level, kind of spoilage organisms, length of shelf
life, product storage temperature,
pH, and preservative
concentration (2, 14). In this investigation,
the growth of Z. bailii

The antimycotic
effects of potassium
sorbate, sodium
benzoate, and the two in combination
in a salsa mayonnaise
are shown in Figure l. The two preservatives
and the combinations differed in their effect on the growth rate (log-phase
cells) of Z. bailii. Potassium sorbate was significantly
(P <
0.05) more effective than sodium benzoate, whereas no significant difference (P > 0.05) was found between potassium
sorbate and the combination
in equal proportions of the two
preservatives
in controlling the growth of Z. bailii. However,
the combination
of the two preservatives
was significantly
more effecti ve (P <0.05) than sodium benzoate in suppressing
yeast growth in the salsa mayonnaise.
A reduced growth rate of Z. bailii was accompanied
by a

was not inhibited by any of the preservative systems, indicating a potential spoilage problem if the salsa mayonnaise
is
stored at room temperature.
Since Z. bailii is a very hardy
yeast, the cells can survive low pH levels and high salt
concentrations
(8,10,12,14-16), grow in the presence ofhigh
concentrations
of sorbic and benzoic acids commonly used as
preservatives
(8,12,15),
and exhibit adaptability
to higher
concentrations
of a preservative
after being grown in the
presence of moderate amounts ofthe preservative (10,16). Z.
bailii cells have been isolated from various sources, including
a wide variety of ingredients and unclean equipment (4, 7,9,

longer lag phase and a lower cell concentration
that was
directly related to an increase in the preservative
concentration (data not presented).
Even at a concentration
of 0.3%

14). Therefore,
the key to producing
a shelf-stable
salsa
mayonnaise
is the exclusion of this yeast from the finished
product. Since no heat treatment
is used to produce this
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product. ingredients. equipment, and the environment must be
free of Z. bailii. Consequently. the use of microbe-free ingredients, clean and sanitary equipment. the judicious use of
preservatives, and adherence to the tenents of good manufacturing practices during processing and packaging should
produce salsa mayonnaise free of spoilage microorganisms.
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0.83
0.85
0.97
0.94
0.96
0.945

STAPHYLOCOCCUS AUREUS
GROWTH

STAPHYLOCOCCUS AUREUS
TOXIN FORMATION

VIBRIO CHOLERAE

VIBRIO
PARAHAEMOLYTICUS

VIBRIO VULNIFICUS

YERSINIA ENTEROCOLITICA

Has significantly delayed growth (>24 hours) at 131°F (55°C).
Requires limited levels of oxygen.
Requires the absence of oxygen.
Grows either with or without oxygen.

0.96

SHIGELLA SPP.

1.
2.
3.
4.

0.94

SALMONELLA SPP.

0.92

LISTERIA
MONOCYTOGENES

0.97

CLOSTRIDIUM BOTULINUM,
TYPE E, AND NON
PROTEOLYTIC
TYPES B AND F

0.95

0.935

CLOSTRIDIUM BOTULINUM,
TYPE A, AND PROTEOLYTIC
TYPES B AND F

PATHOGENIC STRAINS OF
ESCHERICHIA COLI

0.987

CAMPYLOBACTER JEJUNI

0.93

0.92

BACILLUS CEREUS

CLOSTRIDIUM PERFRINGENS

MIN. AW
(USING SALT)

PATHOGEN

4.2

5

4.8

5

4

4

4.8

3.7

4.4

4

5

5

4.6

4.9

4.3

MIN.
pH

10

10

11

10

9.8

10

9.3

9.5

9.4

10

9

9

9

9.5

9.3

MAX.
pH

7

5

10

6

10

20

5.2

8

10

6.5

7

5

10

1.7

10

MAX. % WATER
PHASE SALT

TABLE A-1
LIMITING CONDITIONS FOR PATHOGEN GROWTH

50°F
10°C
43.7°F
6.5°C
31.3°F
-0.4°C
41.4°F
5.2°C
43°F
6.1°C
44.6°F
7°C
50°F
10°C
50°F
10°C
41°F
5°C
46.4°F
8°C
29.7°F
-1.3°C

37.9°F
3.3°C

39.2°F
4°C
86°F
30°C
50°F
10°C

MIN. TEMP.

125.6°F
52°C
120.9°F
49.4°C
113°F
45°C
115.2°F
46.2°C
116.8°F
47.1°C
122°F
50°C
118°F
48°C
109.4°F
43°C
113.5°F
45.3°C
109.4°F
43°C
107.6°F
42°C

113°F
45°C

131°F1
55°C
113°F
45°C
118.4°F
48°C

MAX. TEMP.

facultative
anaerobe4
facultative
anaerobe4
facultative
anaerobe4
facultative
anaerobe4
facultative
anaerobe4
facultative
anaerobe4
facultative
anaerobe4
facultative
anaerobe4
facultative
anaerobe4
facultative
anaerobe4

anaerobe3

anaerobe3

facultative
anaerobe4
micro
aerophile2
anaerobe3

OXYGEN
REQUIREMENT

TABLE A-2
TIME AND TEMPERATURE GUIDANCE FOR
CONTROLLING PATHOGEN GROWTH AND TOXIN FORMATION IN FISH AND FISHERY PRODUCTS
POTENTIALLY HAZARDOUS CONDITION

PRODUCT TEMPERATURE

MAXIMUM CUMULATIVE
EXPOSURE TIME

GROWTH AND TOXIN FORMATION
BY BACILLUS CEREUS

39.2-43°F (4-6°C)
44-59°F (7-15°C)
60-70°F (16-21°C)
Above 70°F (21°C)
86-93°F (30-34°C)
Above 93°F (34°C)

5 days
1 day
6 hours
3 hours
48 hours
12 hours

GERMINATION, GROWTH, AND TOXIN
FORMATION BY CLOSTRIDIUM BOTULINUM
TYPE A, AND PROTEOLYTIC TYPES B AND F

50-70°F (10-21°C)
Above 70°F (21°C)

11 hours
2 hours

GERMINATION, GROWTH, AND TOXIN
FORMATION BY CLOSTRIDIUM BOTULINUM
TYPE E, AND NON-PROTEOLYTIC
TYPES B AND F

37.9-41°F (3.3-5°C)
42-50°F (6-10°C)
51-70°F (11-21°C)
Above 70°F (21°C)

7 days
2 days
11 hours
6 hours

GROWTH OF CLOSTRIDIUM PERFRINGENS

50-54°F (10-12°C)
55-57°F (13-14 °C)
58-70°F (15-21°C)
Above 70°F (21°C)

21 days
1 day
6 hours1
2 hours

GROWTH OF PATHOGENIC STRAINS OF
ESCHERICHIA COLI

43.7-50°F (6.6-10°C)
51-70°F (11-21°C)
Above 70°F (21°C)

2 days
5 hours
2 hours

GROWTH OF LISTERIA MONOCYTOGENES

31.3-41°F (-0.4-5°C)
42-50°F (6-10°C)
51-70°F (11-21°C)
71-86°F (22-30°C)
Above 86°F (30°C)

7 days
1 day
7 hours
3 hours
1 hour

GROWTH OF SALMONELLA SPECIES

41.4-50°F (5.2-10°C)
51-70°F (11-21°C)
Above 70°F (21°C)
43-50°F (6.1-10°C)
51-70°F (11-21°C)
Above 70°F (21°C)
50°F (7-10°C)
51-70°F (11-21°C)
Above 70°F (21°C)

2 days
5 hours
2 hours
2 days
5 hours
2 hours
14 days
12 hours1
3 hours

GROWTH OF VIBRIO CHOLERAE

50°F (10°C)
51-70°F (11-21°C)
71-80°F (22-27°C)
Above 80ºF (27ºC)

21 days
6 hours
2 hours
1 hour2

GROWTH OF VIBRIO PARAHAEMOLYTICUS

41-50°F (5-10°C)
51-70°F (11-21°C)
71-80°F (22-27°C)
Above 80ºF (27ºC)

21 days
6 hours
2 hours
1 hour2

GROWTH OF VIBRIO VULNIFICUS

46.4-50°F (8-10°C)
51-70°F (11-21°C)
71-80°F (22-27°C)
Above 80ºF (27ºC)

21 days
6 hours
2 hours
1 hour2

GROWTH OF YERSINIA ENTEROCOLITICA

29.7-50°F (-1.3-10°C)
51-70°F (11-21°C)
Above 70°F (21°C)

1 day
6 hours
2.5 hours

GROWTH OF CAMPYLOBACTER JEJUNI

GROWTH OF SHIGELLA SPECIES

GROWTH AND TOXIN FORMATION BY
STAPHYLOCOCCUS AUREUS

1.
2.

Additional data needed.
Applies to cooked, ready-to-eat foods only.
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63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

145

147

149

151

153

154

156

158

160

162

163

165

167

169

171

172

174

176

178

180

182

183

185

Note: z = 13.5°F (7.5°C).

INTERNAL PRODUCT
TEMPERATURE (°C)

INTERNAL PRODUCT
TEMPERATURE (°F)

100.000

73.564

54.116

39.810

29.286

21.544

15.849

11.659

8.577

6.310

4.642

3.415

2.512

1.848

1.359

1.000

0.736

0.541

0.398

0.293

0.215

0.158

0.117

LETHAL RATE

TABLE A-3
INACTIVATION OF LISTERIA MONOCYTOGENES

0.02

0.03

0.03

0.05

0.07

0.09

0.1

0.2

0.2

0.3

0.4

0.6

0.8

1.0

1.5

2.0

2.7

3.7

5.0

6.8

9.3

12.7

17.0

TIME FOR 6D PROCESS (MINUTES)

Medicinal Drops Shelf Life Study
The product submitted for testing has not been dosed with any medication, we are testing the carrier
solution. The carrier solution is distilled water, sorbic acid, potassium sorbate, and nanostabilizer
solution (Coconut oil, Vitamin E, Mixed Phospholipids, Distilled Water, Sorbic Acid, Sodium Benzoate).
The pH is ≤3.6. Product is in a 1oz glass bottle with dropper lid.
The product is distributed under ambient conditions. Anticipated use by customers is daily. Drops are
dispensed from dropper lid and added to a beverage or may be taken orally without dilution. Chance of
contamination is high when using.
Study A – Establish Shelf Life of sealed product. Product to be stored at ambient conditions during
length of study. Product to be tested Day 1 and every 14 days for 30 weeks (7 months). Tests to be
terminated if spoilage occurs. Retain unused product for additional microbial analysis. Microbial
analysis testing: Aerobic Plate Count, Yeast Plate Count, Mold Plate Count.
Study B – Establish Shelf life of opened product with simulated customer use patterns. All product
bottles are to be opened daily and exposed to non-sterile environmental conditions. 3 environmental
conditions will be tested, storage at 45˚F, 70˚F, and 100˚F. Products to be tested on Day 1 and every 7
days for 7 weeks. Continue testing for duration of study even if spoilage occurs, discuss additional
microbial testing with unused products. Please note on COA the simulated handling conditions,
temperature and daily exposure. Microbial analysis testing: Aerobic Plate Count, Yeast Plate Count,
Mold Plate Count.
Carrier solution submitted for microbial studies has been manufactured per the process outlined in the
attached HACCP plan.
As of October 18, 2019 4 weeks of microbial testing have been conducted. Analytical studies for control
of microorganisms have been indicative that reformulation has been successful in controlling pathogenic
and spoilage organisms. Upon completion of the analytical studies Standard Wellness intends to
achieve a 6 month shelf life of sealed product and an additional 4-6 weeks for use after opening. Testing
results attached.

PHOODIE SAFE LLC
1 LOUIS DRIVE
PEPPER PIKE, OH 44124
Testing Cert. # 2598.09

Certificate of Analysis
Client: E1422E
Control #: 0546054GF

Received Date: 9/12/2019
Received Time: 13:26

Sample:
Coll. Date:

WI-403929
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Normal

Description:

MEDICAL DROPS INITIAL WEEK 1

Temperature:

Aerobic Plate Count

Results: <1

Units: CFU/ML

Results: <1

Units: CFU/ML

PO #:
COC ID: E1422E-159355

01
1000136 - Other (Specify): DIETARY
SUPPLEMENT
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/ML

Method: Compendium 2nd Ed., Chapter 17

9/17/2019

Electronically verified by: Rueth, Todd - The results of these tests relate only to the samples received by
ALS Marshfield, LLC. This report shall not be reproduced except in full, without written approval of the
laboratory.

ALS MARSHFIELD, LLC
510 N ST JOSEPH AVE * MARSHFIELD, WI 54449-1830
1-877-318-4939
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PHOODIE SAFE LLC
1 LOUIS DRIVE
PEPPER PIKE, OH 44124
Testing Cert. # 2598.09

Certificate of Analysis
Client: E1422E
Control #: 0546340GF

Received Date: 9/19/2019
Received Time: 11:42

Series ID:
Source:

PO #:
COC ID: E1422E-159672

Sample:
Coll. Date:

WI-404733
9/5/2019

Coll. Time:
Condition:

Normal

Description:

MEDICINAL DROPS SEALED PRODUCT, AMBIENT CONDITION WEEK 2

Temperature:

Aerobic Plate Count

Results: <1

Units: CFU/G

Results: <1

Units: CFU/G

02
1000136 - Other (Specify): DIETARY
SUPPLEMENT
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/G

Method: Compendium 2nd Ed., Chapter 17

9/25/2019

Electronically verified by: Dammann, Hondo - The results of these tests relate only to the samples received
by ALS Marshfield, LLC. This report shall not be reproduced except in full, without written approval of the
laboratory.

ALS MARSHFIELD, LLC
510 N ST JOSEPH AVE * MARSHFIELD, WI 54449-1830
1-877-318-4939
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PHOODIE SAFE LLC
1 LOUIS DRIVE
PEPPER PIKE, OH 44124
Testing Cert. # 2598.09

Certificate of Analysis
Client: E1422E

Received Date: 9/19/2019

Control #: 0546341GF

Received Time: 11:50

Sample:
Coll. Date:

WI-404734
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Normal

Description:

MEDICINAL DROPS OPENED PRODUCT DAY 7 45 DEG F

Temperature:

Aerobic Plate Count

Results: 1

Units: CFU/G

Results: <1

Units: CFU/G

PO #:
COC ID: E1422E-159673

02
1000136 - Other (Specify): DIETARY
SUPPLEMENT
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/G

Method: Compendium 2nd Ed., Chapter 17

Sample:
Coll. Date:

WI-404735
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Temperature:
Normal

Description:

MEDICINAL DROPS OPENED PRODUCT DAY 7 70 DEG F

Aerobic Plate Count

Results: <1

Units: CFU/G

Results: <1

Units: CFU/G

02
1000136 - Other (Specify): DIETARY
SUPPLEMENT
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/G

Method: Compendium 2nd Ed., Chapter 17

ALS MARSHFIELD, LLC
510 N ST JOSEPH AVE * MARSHFIELD, WI 54449-1830
1-877-318-4939
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PHOODIE SAFE LLC
1 LOUIS DRIVE
PEPPER PIKE, OH 44124
Testing Cert. # 2598.09

Certificate of Analysis
Client: E1422E
Control #: 0546341GF

Received Date: 9/19/2019
Received Time: 11:50

Sample:
Coll. Date:

WI-404736
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Normal

Description:

MEDICINAL DROPS OPENED PRODUCT DAY 7 100 DEG F

Temperature:

Aerobic Plate Count

Results: <1

Units: CFU/G

Results: <1

Units: CFU/G

PO #:
COC ID: E1422E-159673

02
1000136 - Other (Specify): DIETARY
SUPPLEMENT
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/G

Method: Compendium 2nd Ed., Chapter 17

9/25/2019

Electronically verified by: Dammann, Hondo - The results of these tests relate only to the samples received
by ALS Marshfield, LLC. This report shall not be reproduced except in full, without written approval of the
laboratory.

ALS MARSHFIELD, LLC
510 N ST JOSEPH AVE * MARSHFIELD, WI 54449-1830
1-877-318-4939

Page 2/2

PHOODIE SAFE LLC
1 LOUIS DRIVE
PEPPER PIKE, OH 44124
Testing Cert. # 2598.09

Certificate of Analysis
Client: E1422E

Received Date: 9/26/2019

Control #: 0546684GF

Received Time: 13:32

Sample:
Coll. Date:

WI-405716
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Normal

Description:

MEDICINAL DROPS OPENED PRODUCT DAY 14 45 DEG F

Temperature:

Aerobic Plate Count

Results: <1

Units: CFU/G

Results: <1

Units: CFU/G

PO #:
COC ID: E1422E-160095

03
1000136 - Other (Specify): DIETARY
SUPPLEMENT
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/G

Method: Compendium 2nd Ed., Chapter 17

Sample:
Coll. Date:

WI-405717
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Temperature:
Normal

Description:

MEDICINAL DROPS OPENED PRODUCT DAY 14 70 DEG F

Aerobic Plate Count

Results: <1

Units: CFU/G

Results: 2

Units: CFU/G

03
1000136 - Other (Specify): DIETARY
SUPPLEMENT
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/G

Method: Compendium 2nd Ed., Chapter 17

ALS MARSHFIELD, LLC
510 N ST JOSEPH AVE * MARSHFIELD, WI 54449-1830
1-877-318-4939

Page 1/2

PHOODIE SAFE LLC
1 LOUIS DRIVE
PEPPER PIKE, OH 44124
Testing Cert. # 2598.09

Certificate of Analysis
Client: E1422E
Control #: 0546684GF

Received Date: 9/26/2019
Received Time: 13:32

Sample:
Coll. Date:

WI-405718
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Normal

Description:

MEDICINAL DROPS OPENED PRODUCT DAY 14 100 DEG F

Temperature:

Aerobic Plate Count

Results: <1

Units: CFU/G

Results: <1

Units: CFU/G

PO #:
COC ID: E1422E-160095

03
1000136 - Other (Specify): DIETARY
SUPPLEMENT
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/G

Method: Compendium 2nd Ed., Chapter 17

10/2/2019

Electronically verified by: Dammann, Hondo - The results of these tests relate only to the samples received
by ALS Marshfield, LLC. This report shall not be reproduced except in full, without written approval of the
laboratory.

ALS MARSHFIELD, LLC
510 N ST JOSEPH AVE * MARSHFIELD, WI 54449-1830
1-877-318-4939

Page 2/2

PHOODIE SAFE LLC
1 LOUIS DRIVE
PEPPER PIKE, OH 44124
Testing Cert. # 2598.09

Certificate of Analysis
Client: E1422E
Control #: 0546975GF

Received Date: 10/3/2019
Received Time: 13:47

Sample:
Coll. Date:

WI-406525
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Normal

Description:

MEDICINAL DROPS OPENED PRODUCT DAY 21 45 DEG F

Temperature:

Aerobic Plate Count

Results: <1

Units: CFU/ML

Results: <1

Units: CFU/ML

PO #:
COC ID: E1422E-160428

04
1000136 - Other (Specify): DIETARY
SUPPLEMENT
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/ML

Method: Compendium 2nd Ed., Chapter 17

Sample:
Coll. Date:

WI-406526
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Temperature:
Normal

Description:

MEDICINAL DROPS OPENED PRODUCT DAY 21 70 DEG F

Aerobic Plate Count

Results: <1

Units: CFU/ML

Results: <1

Units: CFU/ML

04
1000136 - Other (Specify): DIETARY
SUPPLEMENT
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/ML

Method: Compendium 2nd Ed., Chapter 17

ALS MARSHFIELD, LLC
510 N ST JOSEPH AVE * MARSHFIELD, WI 54449-1830
1-877-318-4939

Page 1/2

PHOODIE SAFE LLC
1 LOUIS DRIVE
PEPPER PIKE, OH 44124
Testing Cert. # 2598.09

Certificate of Analysis
Client: E1422E
Control #: 0546975GF

Received Date: 10/3/2019
Received Time: 13:47

Sample:
Coll. Date:

WI-406527
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Normal

Description:

MEDICINAL DROPS OPENED PRODUCT DAY 21 100 DEG F

Temperature:

Aerobic Plate Count

Results: <1

Units: CFU/ML

Results: <1

Units: CFU/ML

PO #:
COC ID: E1422E-160428

04
1000136 - Other (Specify): DIETARY
SUPPLEMENT
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/ML

Method: Compendium 2nd Ed., Chapter 17

10/9/2019

Electronically verified by: Dammann, Hondo - The results of these tests relate only to the samples received
by ALS Marshfield, LLC. This report shall not be reproduced except in full, without written approval of the
laboratory.

ALS MARSHFIELD, LLC
510 N ST JOSEPH AVE * MARSHFIELD, WI 54449-1830
1-877-318-4939

Page 2/2

PHOODIE SAFE LLC
1 LOUIS DRIVE
PEPPER PIKE, OH 44124
Testing Cert. # 2598.09

Certificate of Analysis
Client: E1422E

Received Date: 10/10/2019

Control #: 0547229GF

Received Time: 13:51

Sample:
Coll. Date:

WI-407389
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Normal

Description:

MEDICINAL DROPS OPENED DAY 28 45 DEG F

Temperature:

Aerobic Plate Count

Results: 3

Units: CFU/ML

Results: <1

Units: CFU/ML

PO #:
COC ID: E1422E-160723

05
1000136 - Other (Specify): DIETARY
SUPPLEMENTS
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/ML

Method: Compendium 2nd Ed., Chapter 17

Sample:
Coll. Date:

WI-407390
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Temperature:
Normal

Description:

MEDICINAL DROPS OPENED DAY 28 70 DEG F

Aerobic Plate Count

Results: 2

Units: CFU/ML

Results: <1

Units: CFU/ML

05
1000136 - Other (Specify): DIETARY
SUPPLEMENTS
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/ML

Method: Compendium 2nd Ed., Chapter 17

ALS MARSHFIELD, LLC
510 N ST JOSEPH AVE * MARSHFIELD, WI 54449-1830
1-877-318-4939
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PHOODIE SAFE LLC
1 LOUIS DRIVE
PEPPER PIKE, OH 44124
Testing Cert. # 2598.09

Certificate of Analysis
Client: E1422E

Received Date: 10/10/2019

Control #: 0547229GF

Received Time: 13:51

Sample:
Coll. Date:

WI-407391
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Normal

Description:

MEDICINAL DROPS OPENED DAY 28 100 DEG F

Temperature:

Aerobic Plate Count

Results: 1

Units: CFU/ML

Results: <1

Units: CFU/ML

PO #:
COC ID: E1422E-160723

05
1000136 - Other (Specify): DIETARY
SUPPLEMENTS
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/ML

Method: Compendium 2nd Ed., Chapter 17

10/16/2019 Electronically verified by: Dammann, Hondo - The results of these tests relate only to the samples received
by ALS Marshfield, LLC. This report shall not be reproduced except in full, without written approval of the
laboratory.

ALS MARSHFIELD, LLC
510 N ST JOSEPH AVE * MARSHFIELD, WI 54449-1830
1-877-318-4939

Page 2/2

PHOODIE SAFE LLC
1 LOUIS DRIVE
PEPPER PIKE, OH 44124
Testing Cert. # 2598.09

Certificate of Analysis
Client: E1422E
Control #: 0547230GF

Received Date: 10/10/2019

PO #:

Received Time: 13:57

Series ID:
Source:

COC ID: E1422E-160724

Sample:
Coll. Date:

WI-407392
9/5/2019

Coll. Time:
Condition:

Normal

Description:

MEDICINAL DROPS SEALED WEEK 4 AMBIENT CONDITIONS

Temperature:

Aerobic Plate Count

Results: <1

Units: CFU/ML

Results: <1

Units: CFU/ML

03
1000136 - Other (Specify): DIETARY
SUPPLEMENTS
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/ML

Method: Compendium 2nd Ed., Chapter 17

10/16/2019 Electronically verified by: Dammann, Hondo - The results of these tests relate only to the samples received
by ALS Marshfield, LLC. This report shall not be reproduced except in full, without written approval of the
laboratory.

ALS MARSHFIELD, LLC
510 N ST JOSEPH AVE * MARSHFIELD, WI 54449-1830
1-877-318-4939
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Attachment B - Drops SOP (Original)

4.2.2 Manufacture of Drops
Overview
This protocol outlines the procedure for the creation of a diluted nanoemuslion to be sold as
“Drops.” These Drops are created by diluting a stock of concentrated nanoemulsion to a final
concentration dependent on product type. Once the nanoemulsion has been diluted to it’s final
target potency, the solution should be packaged into appropriately sized dropper bottles.
Employee Safety
Basic laboratory PPE should be utilized when making Drops.
•

Protective eyewear with side guards

•

Nitrile exam gloves

•

Chemical resistant lab apron

•

Close toed shoes

Equipment
In addition to the PPE listed above the processing agent will need to have at hand:
•

“DROPS Production Batch Sheets”

•

Floor scale

•

Sanitized funnel

•

Sanitized carboy

•

VWR Zippette Pro Bottle-Top Dispenser

•

Growler bottles

•

Bench Scales (0.01g)

•

Dropper bottles and droppers.

Procedure
All contact surfaces must be sanitized prior to use. Employees must follow manufacturers
recommendations when mixing the sanitizer. Once the sanitizer has been mixed the technician
must use test strips to ensure the sanitizing solution has been mixed to the proper parts per
million range recommended by the manufacturer. At the point the technician should proceed
to sanitize all surfaces that will come in contact with product. Dropper bottles and dropper tops
should be sanitized first so that they can have time to air dry. Dropper tops should be
disassembled and soaked in sanitizer along with dropper bottles. After these have soaked
according to the instructions supplied by the manufacturer of the sanitizer, the droppers and
bottles should be loaded on racks and allowed to air dry. Bottles must be placed upside down
while drying.
While the packaging is drying, technicians should prepare the diluted nanoemulsion.
Technicians should utilize the “DROPS Production Batch Sheets,” along with testing results

supplied by the internal testing lab, or third party testing lab, in order to determine their
dilution. Once all weights have been calculated, the technician should acquire a sanitized and
tared carboy and zero it out on the floor scale. Concentrated nanoemulsion and distilled water
should be added to this carboy in the calculated ratios filled out in the “DROPS Production
Batch Sheets”
Once packaging has been sanitized and the emulsion has been diluted to its final concentration
technicians should set up to fill dropper bottles. VWR Zippette Pro pumps should be fully
disassembled and sanitized along with the growlers being used during packaging. Technicians
should sanitize and prepare their workspace by setting up their benchtops scales, dropper
bottles, dropper tops, growlers, and Zippette Pro Pumps. Once the workstation has been set up
technicians should fill the packaging growlers with the diluted nanoemulsion and affix the
Zippette Pro pumps to the top. The technician should begin by setting the mL setting on the
Zippette Pro equal to the number of grams of nanoemulsion they wish to package. Once the
first bottle is filled the technician should confirm that solution weight dispensed is within +/0.02g of the desired value. The fill level of the pump should be adjusted until it consistently
dispenses the desired mass. Once the pump has been dialed in, technicians should continue to
fill bottles checking that each unit is within +/- 0.02g of the desired value. A second technician
should be capping the filled bottles with sanitized dropper tops as soon as they have been filled.
Packaging should commence until all bottles are filled.

Attachment C - Drops SOP Modified (7/3/2019)

4.2.2 Manufacture of Drops - Updated
Overview
This protocol outlines the procedure for the creation of a diluted nanoemuslion to be sold as
“Drops.” These Drops are created by diluting a stock of concentrated nanoemulsion to a final
concentration dependent on product type. Once the nanoemulsion has been diluted to it’s final
target potency, the solution should be packaged into appropriately sized dropper bottles.
Employee Safety
Employees should utilize heat gloves when loading and removing trays from the vacuum oven.
Besides heat gloves, basic laboratory PPE should be utilized when making Drops.
•

Heat gloves

•

Protective eyewear with side guards

•

Nitrile exam gloves

•

Chemical resistant lab apron

•

Close toed shoes

Equipment
In addition to the PPE listed above the processing agent will need to have at hand:
•

“DROPS Production Batch Sheets”

•

Floor scale

•

Vacuum oven

•

Sanitized funnel

•

Sanitized carboy

•

VWR Zippette Pro Bottle-Top Dispenser

•

Growler bottles

•

Bench Scales (0.01g)

•

Dropper bottles and droppers.

Procedure
All contact surfaces must be sanitized prior to use. Before any packaging is sanitized
technicians should clean out the vacuum oven they intend to use with 200 proof ethanol and
sanitizer. Employees must follow manufacturers recommendations when mixing the sanitizer.
Once the sanitizer has been mixed the technician must use test strips to ensure the sanitizing
solution has been mixed to the proper parts per million range recommended by the
manufacturer. At this point the technician should proceed to sanitize all surfaces that will come
in contact with product. Dropper bottles and dropper tops should be sanitized first so that they
have time to dry in the oven. Dropper tops should be disassembled and soaked in sanitizer

along with dropper bottles. After these have soaked according to the instructions supplied by
the manufacturer of the sanitizer, the droppers and bottles should be loaded onto oven trays
and placed inside of a vacuum oven set at 94o C. Once the oven is loaded, vacuum should be
applied in order to speed the drying process. Growler bottles being used for packaging should
be sanitized and dried in the vacuum oven as well.
While the packaging is drying, technicians should prepare the diluted nanoemulsion.
Technicians should utilize the “DROPS Production Batch Sheets,” along with testing results
supplied by the internal testing lab, or third party testing lab, in order to determine their
dilution. Once all weights have been calculated, the technician should acquire a sanitized and
tared carboy and zero it out on the floor scale. Concentrated nanoemulsion and distilled water
should be added to this carboy in the calculated ratios filled out in the “DROPS Production
Batch Sheets”
Once packaging has been sanitized and the emulsion has been diluted to its final concentration
technicians should set up to fill dropper bottles. VWR Zippette Pro pumps should be fully
disassembled and sanitized. Technicians should sanitize and prepare their workspace by setting
up their benchtops scales, dropper bottles, dropper tops, growlers, and Zippette Pro Pumps.
Once the workstation has been set up technicians should fill the packaging growlers with the
diluted nanoemulsion and affix the Zippette Pro pumps to the top. The technician should begin
by setting the mL setting on the Zippette Pro equal to the number of grams of nanoemulsion
they wish to package. Once the first bottle is filled the technician should confirm that solution
weight dispensed is within +/- 0.02g of the desired value. The fill level of the pump should be
adjusted until it consistently dispenses the desired mass. Once the pump has been dialed in,
technicians should continue to fill bottles checking that each unit is within +/- 0.02g of the
desired value. A second technician should be capping the filled bottles with sanitized dropper
tops as soon as they have been filled. Packaging should commence until all bottles are filled.

Attachment E

Report
Standard Wellness Tincture Recall
Summary of Results

Report Date:
9-9-2019

Results from 8/29/2019 Collection of Standard Wellness Tinctures


Each sample was plated following NCTL SOP-101 ‘Microbiological Testing of Cannabis
products using 3M PetrifilmTM’. A Table 1 of these results were below.

Table 1: Summary of results of 28 tincture samples from 3M Petrifilm TM plates.


We had a sample we collected on 7/15/2019 that was collected, analyzed, and stored using
our NCTL sterile protocol. This sample was plated on the 3M petrifilmTM and run on
8/30/2019 along with the tincture recalled product samples. This sample did not show any
growth on our plates.



All samples were run also using our qPCR method for total yeast and molds. Our qPCR
results all confirmed the 3M petrifilmTM results. All samples that did not show growth on
the 3M petrifilmTM also did not have positive results using qPCR. Likewise, all samples
that did show growth on the 3M petrifilm TM also showed positive results using qPCR. We
have a meeting with the State scheduled for September 23rd to go over our qPCR studies,
so we will wait until that meeting to discuss qPCR results/validation in more detail.
10100 Wellman Road, Streetsboro, OH 44241
www.northcoasttestinglabs.com
Property of North Coast Testing Labs
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October 21, 2019
Standard Wellness
105 Commerce Drive
Gibsonburg, OH 43431
Re: Reformulation of Standard Wellness Medicinal Drops
In response to complaints of spoilage in the Standard Wellness Medicinal Drops, the product has been
reformulated and additional safety measures have been taken with packaging. Formulation changes
include acidification to pH of ≤3.6 and the addition of Potassium Sorbate as a preservative/antimicrobial.
Packaging is sanitized with a quaternary ammonium compound and with heat, by bringing bottle and
dropper components to a surface temperature of ≥180˚F immediately prior to filling.
Included in this package is a HACCP plan to manage the manufacture of the Standard Wellness
Medicinal Drops, Validation of Critical Limits, and Certificated of Analysis of ongoing microbial studies.

Process Flow and Narrative – Medicinal Drops
Receiving Packaging

THC Distillate Input (From
Extraction/ Distillation Process)

Receive Ingredients

Ambient Storage

Ambient Storage

Ambient Storage

Calculate and Measure
Ingredients

Nano Stabilizer Input

Mix and Heat Distillate and Nano
Stabilizer
Add Water and Distillate/Nano
Stabilizer to Batch Reservoir

Distilled Water Input

Sonification

Aliquot Testing
THC Distillate/Nano Stabilizer
Stock Acidification – CCP
Unpack/Disassemble Lids

WIP Storage

Sanitize Lids and Bottles

Final Drops Formulation,
Acidification, Preservation – CCP

Heat Sanitization of
Containers – CCP

Bottle Filling

Lid Assembly

Capping

Sorbic Acid Input

Distilled Water, Sorbic Acid,
Potassium Sorbate Input

Labeling, Coding, Casing

Ambient Storage

Testing/Release

Standard Wellness
105 Commerce Dr.
Gibsonburg, OH 43431

Document #:
Revised: 10/06/2019

4.2.1 Manufacture of Concentrated Water-Sol Stock
Overview
This protocol outlines the procedure for the creation of a concentrated nanoemulsion which is
used to infuse edibles, and create a diluted version to be sold as “Drops.” The primary
equipment used in the manufacture of our concentrated water-soluble stock is a sonicator
manufactured by Industrial Sonomechanics. Besides the sonicator, we also utilize a proprietary
blend of oils and emulsifiers manufactured by Industrial Sonomechanics. This blend is
formulated to stabilize cannabinoids in a water-based mixture. The ingredients in this blend
are:
•
•
•
•
•
•

Refined Coconut Oil (carrier oil)
Vitamin E
Mixed Phospholipids
Distilled Water
Sorbic Acid (oil-soluble preservative)
Sodium Benzoate (water-soluble preservative)

This oil will be blended with distillate at a ratio of 5 parts oil to 1 part distillate and processed
in the Sonication equipment until particle size has been reduced and the emulsion has
stabilized.
Employee Safety
Noise is the biggest concern to employee safety during the manufacture of our concentrated
nanoemulsion. The employee should be outfitted with all basic laboratory PPE in additions to
ear plugs.
•

Protective eyewear with side guards

•

Nitrile exam gloves

•

Chemical resistant lab apron

•

Close toed shoes

•

Ear plugs

Equipment
In addition to the PPE listed above the processing agent will need to have at hand:
•

“Water-Sol Production Batch Sheets”

•

Industrial Sonomechanics BSP-1200 (flow-through configuration)

•

Brewer’s Edge Mash & Boil (heated ingredients reservoir)

•

IKA overhead stirrer

•

Heidolph peristaltic pump

•

Unused medical grade silicone tubing

Procedure
All contact surfaces must be sanitized prior to use. Employees must follow manufacturers
recommendations when mixing the sanitizer. Once the sanitizer has been mixed the technician
must use test strips to ensure the sanitizing solution has been mixed to the proper parts per
million range recommended by the manufacturer. At the point the technician should proceed
to sanitize all surfaces that will come in contact with product, including the batch reservoir,
stirring impeller, and reaction chamber of the sonication equipment. All hose fittings should
be sterilized as well. Once all surfaces have been cleaned and sanitized, the equipment should
be set up. Employees should assemble the reaction chamber, connect all hose fittings, and
position the batch reservoir and overhead stirrer in the proper configuration. Once all
components are in place the technician should acquire new medical grade silicone tubing and
connect the batch reservoir and the reaction chamber, so that product is being syphoned from
the bottom of the batch reservoir, and pumped into the top of the batch reservoir.
Once all components of the apparatus have been set up the technician should utilize the “Watersol Production Batch Sheets” to calculate how much Nanostabilizer, distillate, and distilled
water to prepare for the batch. The distilled water should be weighed out and added to the batch
reservoir. The reservoir should be set at 45o C and the water should be allowed to come up to
temperature.
Distillate and nanostabilizer should be weighed out at a 1:5 ratio (Distillate:Stabilizer) as per
the manufacturers recommendation into a cleaned tared beaker. This beaker should be placed
in a sanitized oven or on a hotplate set to 65o C until the mixture has been liquified and
homogenized.
Once the distilled water has reached 45o C, and the oil/distillate blend has been liquified and
homogenized, the peristaltic pump and overhead stirrer should be turned on to begin batch
flow. Just before adding the oil mixture the technician should turn on the sonication equipment.
At this point the oil mixture should be given a final stir before pouring it into the batch
reservoir. All weights and parameters should be recorded on the “Water-Sol Production Batch
Sheets.”
Depending on batch size it could take up to 5 or more hours for particle size reduction. While
the batch is circulating through the reaction chamber technicians should pull aliquots
throughout the run in order to determine how much progress is being made. Once the technician
has observed consistent clarity between 3 sequential aliquots, then the batch should be
considered finished. All data should be recorded in the “Water-Sol Production Batch Sheets.”
Once the batch is complete the technician should disconnect the silicone tubing from the inlet
of the reaction chamber. An 220nm in-line filter should be attached to the end of this tubing,
and the batch should be transferred into a cleaned, tared carboy. Once the entire batch has been
filtered and transferred into the storage carboy it should be stored in the walk-in refrigerator.

4.2.2 Manufacture of Drops - Updated
Overview
This protocol outlines the procedure for the creation of a diluted nanoemuslion to be sold as
“Drops.” These Drops are created by diluting a stock of concentrated nanoemulsion to a final
concentration dependent on product type. Once the nanoemulsion has been diluted to it’s final
target potency, the solution should be packaged into appropriately sized dropper bottles.
Employee Safety
Employees should utilize heat gloves when loading and removing trays from the vacuum oven.
Besides heat gloves, basic laboratory PPE should be utilized when making Drops.
•

Heat gloves

•

Protective eyewear with side guards

•

Nitrile exam gloves

•

Chemical resistant lab apron

•

Close toed shoes

Equipment
In addition to the PPE listed above the processing agent will need to have at hand:
•

“DROPS Production Batch Sheets”

•

Floor scale

•

Vacuum oven

•

Sanitized funnel

•

Sanitized carboy

•

VWR Zippette Pro Bottle-Top Dispenser

•

Growler bottles

•

Bench Scales (0.01g)

•

Dropper bottles and droppers.

Procedure
All contact surfaces must be sanitized prior to use. Before any packaging is sanitized
technicians should clean out the vacuum oven they intend to use with 200 proof ethanol and
sanitizer. Employees must follow manufacturers recommendations when mixing the sanitizer.
Once the sanitizer has been mixed the technician must use test strips to ensure the sanitizing
solution has been mixed to the proper parts per million range recommended by the
manufacturer. At this point the technician should proceed to sanitize all surfaces that will come
in contact with product. Dropper bottles and dropper tops should be sanitized first so that they
have time to dry in the oven. Dropper tops should be disassembled and soaked in sanitizer

along with dropper bottles. After these have soaked according to the instructions supplied by
the manufacturer of the sanitizer, the droppers and bottles should be loaded onto oven trays
and placed inside of a vacuum oven set at 94o C. Once the oven is loaded, vacuum should be
applied in order to speed the drying process. Growler bottles being used for packaging should
be sanitized and dried in the vacuum oven as well.
While the packaging is drying, technicians should prepare the diluted nanoemulsion.
Technicians should utilize the “DROPS Production Batch Sheets,” along with testing results
supplied by the internal testing lab, or third party testing lab, in order to determine their
dilution. Once all weights have been calculated, the technician should acquire a sanitized and
tared carboy and zero it out on the floor scale. Concentrated nanoemulsion and distilled water
should be added to this carboy in the calculated ratios filled out in the “DROPS Production
Batch Sheets”
Once packaging has been sanitized and the emulsion has been diluted to its final concentration
technicians should set up to fill dropper bottles. VWR Zippette Pro pumps should be fully
disassembled and sanitized. Technicians should sanitize and prepare their workspace by setting
up their benchtops scales, dropper bottles, dropper tops, growlers, and Zippette Pro Pumps.
Once the workstation has been set up technicians should fill the packaging growlers with the
diluted nanoemulsion and affix the Zippette Pro pumps to the top. The technician should begin
by setting the mL setting on the Zippette Pro equal to the number of grams of nanoemulsion
they wish to package. Once the first bottle is filled the technician should confirm that solution
weight dispensed is within +/- 0.02g of the desired value. The fill level of the pump should be
adjusted until it consistently dispenses the desired mass. Once the pump has been dialed in,
technicians should continue to fill bottles checking that each unit is within +/- 0.02g of the
desired value. A second technician should be capping the filled bottles with sanitized dropper
tops as soon as they have been filled. Packaging should commence until all bottles are filled.

Hazard Analysis – Medicinal Drops
Hazard Analysis

Process Step

Receive Packaging

THC Distillate Input

Identify all Potential
Biological, Chemical,
and Physical Hazards

Ambient Storage

Justify Decision in
Previous Column

Biological: Listeria
spp., E. coli,
Salmonella spp.,
Yeast/Mold

YES

Chemical: Allergen,
Contaminants

NO

Physical: Foreign
Objects

NO

Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold

NO

Distillation Process

Chemical: Allergen,
Contaminants

NO

Distillation Process;
No major food
allergens.

NO

Distillation Process

NO

Not likely to occur.
Shelf Stable

Physical: Foreign
Objects
Biological: Listeria
spp., E. coli,
Salmonella spp.,
Yeast/Mold
Receive Ingredients

Are Potential
Hazards
Significant at
this Step
(Yes/No)

Chemical: Allergen,
Contaminants
Physical: Foreign
Objects
Biological: Listeria
spp., E. coli,
Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects

NO
NO
NO
NO
NO

Historical risk of
contaminated
bottles.

What
Preventive
Controls can
be applied for
the Significant
Hazards?
Container and
Lid Heat
Sanitization

Is this
step a
Critical
Control
Point?
NO

Packaging fully
packaged;
manufactured under
GMP for food
products;
No major food
allergens.
Packaging fully
packaged during
transportation.

No major food
allergens; Food
grade additives
Product fully
packaged
Products are fully
packaged and Shelf
Stable.
Products are fully
packaged.
Products are fully
packaged.

Standard Wellness
105 Commerce Dr.
Gibsonburg, OH 43431
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Process Step

Nano Stabilizer Input

Identify all Potential
Biological, Chemical,
and Physical Hazards
Biological: Listeria
spp., E. coli,
Salmonella spp.,
Yeast/Mold
Chemical: Allergen,
Contaminants
Physical: Foreign
Objects
Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold

Calculate and
Measure Ingredients

Mix and Heat THC
Distillate and Nano
Stabilizer

Distilled Water Input

Are Potential
Hazards
Significant at
this Step
(Yes/No)

Justify Decision in
Previous Column

NO

Nano Stabilizer Shelf
Stable

NO

No major food
allergens.

NO

Not likely to occur

YES

Pathogens may grow
if not controlled

Chemical: Misformulation,
Contaminants

NO

Physical: Foreign
Objects

Not likely to occur.
Formulation control
and finished product
testing.

NO

Not likely to occur.

YES

Pathogens may grow
if not controlled

NO

Not likely to occur.

NO

Not likely to occur.

NO

Not likely to occur,
distilled.

NO

Not likely to occur

NO

Not likely to occur.

Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria
spp., E. coli,
Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects

Standard Wellness
105 Commerce Dr.
Gibsonburg, OH 43431

What
Preventive
Controls can
be applied for
the Significant
Hazards?

Is this
step a
Critical
Control
Point?

Acidification
for Shelf
Stability after
Sonification

NO

Acidification
for Shelf
Stability after
Sonification

NO
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Process Step

Add Distilled Water
and THC Distillate/
Nano Stabilizer

Sonification

Identify all Potential
Biological, Chemical,
and Physical Hazards

Are Potential
Hazards
Significant at
this Step
(Yes/No)

Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold

YES

Pathogens may grow
if not controlled

NO

Not likely to occur.

NO

Not likely to occur.

Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold

Aliquot Testing

Sorbic Acid Input

THC Distillate/ Nano
Stabilizer Stock
Acidification

Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects

Justify Decision in
Previous Column

YES

Pathogens may grow
if not controlled

NO

Not likely to occur.

NO

Not likely to occur.

YES

Pathogens may grow
if not controlled

NO

Not likely to occur.

NO

Not likely to occur.

YES

Pathogens may grow
if not controlled

NO

Not likely to occur,
formulation control
and pH monitoring

NO

Not likely to occur.

YES

Pathogens may grow
if not controlled

NO

Not likely to occur.

NO

Not likely to occur.

Standard Wellness
105 Commerce Dr.
Gibsonburg, OH 43431

What
Preventive
Controls can
be applied for
the Significant
Hazards?
Acidification
for Shelf
Stability after
Sonification

Is this
step a
Critical
Control
Point?
NO

Acidification
for Shelf
Stability after
Sonification

NO

Acidification
for Shelf
Stability after
Sonification

NO

Acidification
for Shelf
Stability

NO

Acidification
for Shelf
Stability

YES
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Process Step

WIP Storage

Distilled Water,
Sorbic Acid,
Potassium Sorbate
Input

Distilled Water Input

Final Drops
Formulation,
Acidification,
Preservation

Unpack/Disassemble
Lids

Identify all Potential
Biological, Chemical,
and Physical Hazards
Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria
spp., E. coli,
Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria
spp., E. coli,
Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects

Are Potential
Hazards
Significant at
this Step
(Yes/No)
NO
NO
NO

Justify Decision in
Previous Column
Not likely to occur,
acidified for shelf
stability
Not likely to occur,
sealed container.
Not likely to occur,
sealed container.

YES

Pathogens may grow
if not controlled

NO

Not likely to occur,
formulation control
and pH monitoring

NO

Not likely to occur.

NO

Not likely to occur,
distilled.

NO

Not likely to occur

NO

Not likely to occur.

YES

Pathogens may grow
if not controlled

NO

Not likely to occur.

NO

Not likely to occur.

YES

Historical risk of
contaminated
bottles.

NO

Not likely to occur.

NO

Not likely to occur.

Standard Wellness
105 Commerce Dr.
Gibsonburg, OH 43431

What
Preventive
Controls can
be applied for
the Significant
Hazards?

Is this
step a
Critical
Control
Point?

Acidification
for Shelf
Stability

NO

Acidification
for Shelf
Stability

YES

Container and
Lid Heat
Sanitization

NO

Document #:
Revised: 10/08/2019

Hazard Analysis – Medicinal Drops

Process Step

Sanitize Lids and
Bottles

Heat Sanitization of
Containers

Bottle Filling

Identify all Potential
Biological, Chemical,
and Physical Hazards
Biological: Listeria
spp., E. coli,
Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria
spp., E. coli,
Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria
spp., E. coli,
Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects

Lid Assembly

Capping

Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria
spp., E. coli,
Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects

Are Potential
Hazards
Significant at
this Step
(Yes/No)

Justify Decision in
Previous Column

YES

Historical risk of
contaminated
bottles.

NO

Not likely to occur,
Sanitizer Testing

NO

Not likely to occur.

YES

Historical risk of
contaminated
bottles.

NO

Not likely to occur.

NO

Not likely to occur.

NO

Not likely to occur,
pH controlled.

NO

Not likely to occur

NO

Not likely to occur,
VWR Zippette Filler
prevents F.O. over
3mm

NO

Not likely to occur.
Sanitized, GMP

NO

Not likely to occur.

NO

Not likely to occur.

NO

Not likely to occur,
pH controlled.

NO

Not likely to occur

NO

Not likely to occur.

Standard Wellness
105 Commerce Dr.
Gibsonburg, OH 43431

What
Preventive
Controls can
be applied for
the Significant
Hazards?

Is this
step a
Critical
Control
Point?

Container and
Lid Heat
Sanitization

NO

Container and
Lid Heat
Sanitization

YES
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Process Step

Labeling, Coding,
Casing

Ambient Storage

Testing/Release

Identify all Potential
Biological, Chemical,
and Physical Hazards
Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects
Biological: Listeria, E.
coli, Salmonella spp.,
Yeast/Mold
Chemical:
Contaminants
Physical: Foreign
Objects

Are Potential
Hazards
Significant at
this Step
(Yes/No)
NO
NO
NO
NO
NO
NO
NO
NO
NO

Justify Decision in
Previous Column
Not likely to occur,
acidified for shelf
stability
Not likely to occur,
sealed package
Not likely to occur,
sealed package
Not likely to occur,
acidified for shelf
stability
Not likely to occur,
sealed package
Not likely to occur,
sealed package
Not likely to occur,
acidified for shelf
stability
Not likely to occur,
sealed bottle
Not likely to occur,
sealed package

Standard Wellness
105 Commerce Dr.
Gibsonburg, OH 43431

What
Preventive
Controls can
be applied for
the Significant
Hazards?

Is this
step a
Critical
Control
Point?
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Critical Control Points – Medicinal Drops
Critical Control
Point (CCP)
Significant
Hazard
Critical Limits
Monitoring

What
How
When
Who

Corrective Action
Records
Verifications
Critical Control
Point (CCP)
Significant
Hazard
Critical Limits
Monitoring

What
How
When
Who

Corrective Action
Records
Verifications

Heat Sanitization of Containers
Pathogenic Bacteria Growth: Listeria monocytogenes, E. coli, Salmonella spp., Yeasts and
Molds
Surface Temperature of Containers is ≥180˚F
Surface Temperature of Containers
Temperature Indicating Strips
Every heat treatment
Trained personnel
If temperature indicating strip does not turn black, then replace sticker with unused
sticker and reprocess load. Do not use containers until heat sanitization has been
completed.
Drops Batch Sheet
Review monitoring, corrective action, verification records within 1 week of preparation.

THC Distillate/Nano Concentrate Stock Acidification
Pathogenic Bacteria Growth: Listeria monocytogenes, E. coli, Salmonella spp., Yeasts and
Molds
Stock pH ≤3.6
pH of Stock
Potentiometric Measurement with pH Meter
Every Batch
Trained personnel
If pH exceeds 3.6, have trained chemist check formulation and adjust as necessary.
Adjust pH to be ≤3.6 and remeasure. Do not complete or store stock until appropriate
pH has been met.
Drops Batch Sheet
pH Meter Calibration
Review monitoring, corrective action, verification records within 1 week of preparation.

Standard Wellness
105 Commerce Dr.
Gibsonburg, OH 43431
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Critical Control Points – Medicinal Drops
Critical Control
Point (CCP)
Significant
Hazard
Critical Limits
Monitoring

What
How
When
Who

Corrective Action
Records
Verifications

Final Formulation Acidification
Pathogenic Bacteria Growth: Listeria monocytogenes, E. coli, Salmonella spp., Yeasts and
Molds
Stock pH ≤3.6
pH of Stock
Potentiometric Measurement with pH Meter
Every Batch
Trained personnel
If pH exceeds 3.6, have trained chemist check formulation and adjust as necessary.
Adjust pH to be ≤3.6 and remeasure. Do not complete or store stock until appropriate
pH has been met.
Drops Batch Sheet
pH Meter Calibration
Review monitoring, corrective action, verification records within 1 week of preparation.

Standard Wellness
105 Commerce Dr.
Gibsonburg, OH 43431
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The thermal inactivation of microorganisms obeys the firstorder (FO) model (1, 12). The D value in sterilization is also
based on the same assumption. However, we have often observed a shoulder at the beginning of the thermal process and
a tail after an accelerated decline in the inactivation curve of
an organism. These are observed not only for bacteria but also
for fungi and yeasts (2, 3, 5, 9, 12). Moreover, D values are
generally obtained from the linear portion of a (sigmoidal)
survival curve (2, 5, 8, 12). Thus, thermal sterilization of products such as foods or drugs in factories calculated from D
values or the FO model only might lead to insufficient inactivation.
Cerf (3) reviewed the tailing of thermal inactivation of bacterial spores. Several investigators have proposed kinetic models to describe nonlinear inactivation of bacterial cells (2, 6, 7,
11). On the other hand, the inactivation kinetics for fungal
spores have been little studied (5). Tailing in the survival curve
for fungal spores is often striking compared with bacteria and
their spores. It is very difficult to completely destroy the viability of fungal spores in foods by pasteurization, even if they
had a D value shorter (a higher sensitivity to heat) than that of
bacterial cells. In this study, therefore, we investigated the
nonlinear thermal inactivation of fungal spores, especially the
tailing. Aspergillus niger was used as a test strain because it is a
common contaminant of foods and other products (10).

the spore suspension prepared as above was equilibrated at 258C in a Pyrex test
tube (10 mm in inner diameter and 100 mm high) with a tight plastic cap. The
sample was heated at a constant temperature of 56 to 628C in a water bath unit
(Jr-100; Taitec Corporation, Koshigaya, Japan). The surface of the sample was
positioned about 20 mm under the surface of the circulating water in the bath.
The temperature of the sample was monitored with a digital thermometer (HL-2;
Anritsu Meter Co., Ltd., Tokyo, Japan). The head of the thermometer probe was
positioned at the geometric (cylindric) center of the sample. The heating period,
t at a constant temperature was defined as t 5 tr 1 th, where tr is the temperaturerising period and th is the temperature-holding period. From the temperature
history patterns, the period tr was 2 min for all temperatures investigated. During
the period tr, the sample substantially reached the designated temperature, with
a difference of less than 0.28C.
Heat treatment of spore suspension. The cell suspension was heated in the
same manner as for the temperature measurement. Immediately after the treatment, the sample was cooled in ice water.
Estimation of viable-cell count. The heated cell suspension was diluted serially
with sterile saline. A 0.5-ml portion of the dilution was spread on a potato
dextrose agar plate in duplicate and incubated at 258C for 1 week. The numbers
of fungal colonies grown on the plates were then counted.
Thermotolerant-subpopulation (TTSP) model. The thermal inactivation curve
of A. niger spores consisted of a shoulder, an accelerated decline, and a tail. We
postulated that during heating, thermotolerant cells would be generated as a
proportion, p, of the total cell population. Here, 0 , p ! 1. The rest of the
population, 1 2 p, would consist of thermally normal, sensitive cells. Then we
postulated that both tolerant and normal cells would be inactivated following the
first-order kinetics with rate coefficients of k1 and k2, respectively. Here, k1 , k2.
In this model, the tolerant cells would dominate the surviving cells at the tailing
portion. The shoulder of the inactivation curve is treated as a time delay, td, of
the normal cell inactivation. The kinetics of the whole spore population of the
model, therefore, is shown by the following equation:
N/N0 5 p exp (2k1t) 1 (1 2 p) exp [2k2 (t 2 td)]

MATERIALS AND METHODS

(1)

where N and N0 are the numbers of living cells per unit volume at times t and 0,
respectively.
The model was applied during the temperature-holding period, th. The thermal inactivation during the temperature-rising, period tr, was not analyzed in this
study, because the inactivation during this period could not be analyzed. Thus,
N2, the number of surviving cells heated for 2 min (tr), was substituted for N0 in
equation 1 for each experiment.
Estimation of model parameters. The TTSP model describes a biphasic curve
in a semilogarithmic plot of the survival rate, N/N0, and t. The value of k1 was
estimated from the slope in the linear portion of the curve (4). All experimental
results in this study showed that the tailing was kept at a constant survival rate,
as shown below. This meant that k1 5 0 in those experiments. Thus, the survival
ratio at the tail was directly equal to p. Then the values of k2 and td were
estimated by a linear regression method for ln (N/N0) and t.
Estimation of rate coefficients of the FO model. The rate coefficient, k, of a
conventional FO model for a thermal inactivation curve shown in the following
equation was estimated (1): 2dN/dt 5 kN. That is, k was calculated by a linear
regression method from the linear portion of the curve showing the slope of
decline (2, 8)
Heating of cultured thermotolerant cells. The spore suspension (2 3 106 cells
per ml) was heated at 588C for 30 min and cooled in ice water. Some portion of

Fungal strain. A. niger 326 was isolated from food at our laboratory. The strain
had an intermediate thermal sensitivity with respect to several A. niger strains in
our collections.
Spore suspension. The strain was cultured on potato dextrose agar plates
(Eiken Chemical, Tokyo, Japan) with 0.01% (wt/vol) chloramphenicol at 258C at
a humidity of 94% for 1 week. After a portion (about 15 ml) of 0.1 M dibasic
sodium phosphate adjusted with 0.05 M citric acid monohydrate to pH 7.0 (PC)
with 0.005% (vol/vol) Tween 80 was poured onto the plate, spores were suspended in PC buffer by rubbing gently with a glass rod. Clumped spores in PC
buffer were scattered by sonication for 2 min. The suspension was filtered twice
through a glass wool column to remove hyphae. The spore concentration of the
suspension was estimated with a hemocytometer. The suspension was diluted
with PC buffer to make 2 3 106 cells per ml.
Temperature history measurement of spore suspension. A 3.5-ml portion of

* Corresponding author. Mailing address: Department of Microbiology, Tokyo Metropolitan Research Laboratory of Public Health,
3-24-1 Hyakunin-cho, Shinjuku, Tokyo 169, Japan. Phone: 03-33633231. Fax: 03-3368-4060.
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The nonlinear thermal inactivation of Aspergillus niger spores in phosphate-citrate buffer was studied. The
thermal inactivation pattern of the spore consisted of a shoulder, an accelerated decline, and a tail at various
constant temperatures around 60&C. The pattern fitted a thermotolerant subpopulation model. In the model,
we postulated that some spores in the initial population had become thermotolerant at a certain ratio during
heating. The model parameters including the rate coefficients, the time lag, and the existence ratio of thermotolerant cells were analyzed at various temperatures. The tailing was not observed at an initial concentration below 103 cells per ml. Cells cultured from thermotolerant cells showed an inactivation pattern similar to
that of the original cells. Also, cells at the second heating showed the same thermotolerance as or were slightly
more thermosensitive than the original cells. Intermittent heating was found to be effective to inactivate cells
at a high concentration.
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spore suspension was heated again at 588C in the same manner as for the
temperature measurement then cooled. As a control, previously unheated spores
at a concentration of about 103 cells per ml were also heated.
Heating at intervals. The spore suspension (about 107 cells per ml) was heated
at 588C for 30 min in the same manner as for the temperature measurement and
cooled. After 3 h at 258C, the spore suspension was heated again for 30 min and
cooled. Finally, after 3 h at 258C, the cell suspension was heated for 30 min and
cooled. For each heating, the thermal inactivation pattern of the spores was
investigated.
Statistical analyses. The experimental data were statistically analyzed by using
Student’s t test. The statistically processed values were expressed as the mean
and standard deviation.

RESULTS
Inactivation patterns at different temperatures. The thermal
inactivation pattern of A. niger spores at a constant temperature of 56 to 628C consisted of a shoulder, an accelerated
decline, and then a tail (Fig. 1). The shoulder (or the time lag)
was smaller at higher temperatures. The slope of the decline
portion was steeper at higher temperatures. The tail was unchanged during heating at all temperatures. The TTSP model
accurately described these inactivation patterns of the spores
(Fig. 1).
The parameter values of the model for these patterns were
then analyzed. The k1 value was zero at these temperatures,
because the tail was horizontal. The Arrhenius plot of k2 was
linear with a high correlation coefficient (r 5 0.9985) (Fig. 2).
From the slope of the plotted line, the activation energy of
inactivation was 6.50 3 105 6 2.47 3 104 J/mol. The rate
coefficients of the FO model for these inactivation patterns
were also analyzed for comparison. The Arrhenius plot for this
model was also highly linear (r 5 0.9981), and the activation
energy was 6.49 3 105 6 2.82 3 104 J/mol (Fig. 2). No significant differences in the rate coefficients and the activation
energy were found between the models at a level of 0.05.
The survival ratio, p, was then analyzed (Table 1). p was
categorized into p1 and p2, which are the survival ratios N/N2
FIG. 1. Thermal inactivation curve of A. niger cells at constant temperatures.
(a) 568C; (b) 588C; (c) 608C; (d) 628C. Dashed lines are lines fitted by the TTSP
model.

the heated suspension was spread on potato dextrose agar plates and incubated
at 258C for 1 week. The cultured spores were suspended in PC buffer and heated
at 588C in the same manner as for the temperature measurement then cooled.
Reheating of thermotolerant cells. The spore suspension (2 3 106 cells per ml)
was heated at 588C for 30 min and cooled. After different intervals at 258C, the

TABLE 1. Survival ratios of the TTSP model
Temp
(8C)

p1 (mean 6 SD)a

p2 (mean 6 SD)a

56
58
60
62

2.83 3 1024 6 1.78 3 1024
3.87 3 1024 6 1.03 3 1024
8.00 3 1024 6 2.00 3 1024
2.55 3 1023 6 3.50 3 1024

2.76 3 1024 6 1.68 3 1024
3.56 3 1024 6 9.80 3 1025
5.17 3 1024 6 1.23 3 1024
3.64 3 1024 6 3.79 3 1025

a

Values were obtained from four experiments at each temperature.
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FIG. 2. Arrhenius plot for the rate coefficient k2. Symbols: F, TTSP model;
■, FO model. Solid and dashed lines are linear regression lines for the TTSP and
FO models, respectively.
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and N/N0, respectively. p1 was higher at higher temperatures.
Interestingly, the p2 values were almost constant, around 3 3
1024 to 5 3 1024, at these temperatures.
The delay, td, was longer at a lower temperature. The semologarithmic plot of td versus the temperature was linear (r 5
0.9826) (Fig. 3).
Inactivation patterns at different concentrations. Thermal
inactivation profiles of A. niger spores at different initial cell
concentrations were then studied. At a concentration higher
than 104 cells per ml, the inactivation pattern consisted of a
shoulder, an accelerated decline, and a tail (Fig. 4). At those
initial concentrations, the inactivation curves were almost in
parallel, suggesting that the rate coefficient of the decline portion and the survival ratio at the tail of these curves were
almost invariable. On the other hand, at concentrations lower
than about 103 cells per ml, the tail of the curve was not clear,
and during the heating phase, the cell concentration was finally
reduced to zero (Fig. 4).
Inactivation pattern of thermotolerant cells. The thermal
inactivation of thermotolerant spores was analyzed. The cells
surviving at the tail portion in the inactivation curve were
grown again on an agar plate. Those cells had an inactivation
pattern similar to that of the original cells (Fig. 5). This indicated that those cells were as thermosensitive as the original
cells.
The cells that survived at the tail portion in the inactivation
curve were heated again at different intervals. The reheated
cells had the same thermotolerance as or were slightly more

FIG. 4. Thermal inactivation curve of A. niger cells at various initial cell
concentrations. The initial cell concentrations were about 106 (■), 104 (F), 103
(ç), and 102 (å) cells per ml. Cells were heated at 588C.

FIG. 5. Thermal inactivation curve of A. niger cells cultured from thermotolerant cells. Symbols: F, cells cultured from surviving cells; ■, original cells.
Asterisks show values that are significantly different at a level of 0.025.

thermosensitive than the original cells (Fig. 6). This showed
that the thermotolerance was easily lost once the cells were
heated. The duration of the interval had no effects on the
thermal inactivation of the cells (Fig. 6).
Inactivation of cells at a high concentration. Since the tailing in the thermal inactivation curve of the cells was marked at
a high cell concentrations, a set of thermal treatments at intervals was conducted for complete sterilization (Fig. 7). First,
cells at a high concentration of about 107 cells per ml were
heated at 588C for 30 min. At that time, the cell concentration
was reduced to about 104 cells per ml. For the second run, the
inactivation pattern also had a tail. The cell concentration at
the tail was about 101 to 102 cells per ml. For the third run, a
slight tail was observed, and the cell concentration was finally
reduced to less than 1 cell per ml. This indicated that complete
sterilization could be obtained by intermittent heating at a high
cell concentration.
DISCUSSION
The tailing in the thermal inactivation of A. niger spores was
observed for long periods and at high temperatures in a preliminary study. That is, the tailing was unchanged for periods
longer than 60 min at 588C and a slight tailing was observed at
high temperatures between 70 and 908C. At these higher temperatures, the decrease in cell number during the period tr was

FIG. 6. Reheating of thermotolerant A. niger cells after an interval. Surviving
cells heated at 588C for 30 min were reheated at 588C after intervals of 3 h (F),
6 h (å), or 24 h (Ç). The control (■) was heated at an initial cell concentration
of 103 cells per ml. Asterisks show values that are significantly different at a level
of 0.025.
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FIG. 3. Semilogarithmic plot of the time lag, td. A solid line is a linear
regression line for the time lag.
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ln td 5 35.0 2 0.587T

(2)

where T is the temperature. p1 was approximated by a polynomial equation:
ln p1 5 0.000103T 2 2 0.0118T 1 0.337

marked. Thus, the range for analyses in the kinetic study during th was very narrow at these temperatures, making it very
difficult to estimate the model parameters. The experiments,
therefore, were done at around 608C, where the inactivation
kinetics were studied with precision. On the other hand, agglomerated cells were not seen during thermal treatments.
This indicated that the thermotolerance of cells was not due to
the agglomeration of the cells.
In the TTSP model, thermotolerant cells were considered to
appear during heating in the initial population. Cells cultured
from surviving cells were not thermotolerant (Fig. 5). Also, the
tolerance was not observed once surviving cells were heated
(Fig. 6). Therefore, the nature of the tolerance may be transient or apparent. However, when the concentration of the
surviving cells was high, i.e., .103 cells per ml, some of these
cells survived at a similar ratio after the second heating (Fig. 7).
The survival ratio, p1 was higher at higher temperatures
(Table 1), because the survival ratio for the period tr, pr (5N2/
N0), was lower at higher temperatures and p2 was almost constant at all temperatures. Here, p2 5 p1pr.
The TTSP model parameters in equation 1 were evaluated
from the relationships between the parameters and the temperatures. k2 was evaluated from the Arrhenius plot (Fig. 2). td
was approximated from the semilogarithmic plot (Fig. 3) by the
following equation:

The parameter values at a given temperature could be calculated from those relationships. The predicted inactivation pattern at the temperature calculated with these parameter values
accurately described the experimental data (Fig. 8). This
showed that the TTSP model would be useful for prediction of
the thermal inactivation profile of the microbe.
The intermittent-heating experiment was performed because the cells at the tail portion were not thermotolerant once
they were heated (Fig. 6) and because some cells in the original
population had survived at a certain rate, p2, after a single
heating (Table 1). Intermittent heating has been used for inactivation of bacterial spores which transform into vegetative
forms during the interval. However, in our study, the treatment
was effective for sterilization from a different point of view.
Pasteurization is used to inactivate food-borne pathogens, not
to destroy all microorganisms in the products. Thus, if one
needs to completely destroy contaminating fungal spores in a
product and if the quality of the product is not damaged by
intermittent heating, the treatment would be effective. The
treatment might also be effective for elimination of bacterial
cells which show tailing after a single heating.
On the other hand, the 12-D concept has been widely applied for thermal sterilization in food industries. The concept is
based on the FO inactivation of microorganisms, especially
thermotolerant bacterial spores. Therefore, this would not be
simply compared with the intermittent heating studied in this
study, which is based on the characteristics of tailing of microbial cells.
Our study revealed that when the initial spore concentration
was less than 103 cells per ml, the tailing would not be observed
in thermal inactivation at the temperatures studied. This is
related to the fact that the value p2 was about 1/3,000 (Table 1).
That is, when the initial cell concentration was 103 cells per ml,
the cell concentration at the tail portion is less than 1 cell per
ml by use of the p2 value; the tail could not be observed.
The shoulder in the thermal-inactivation pattern of the
spores was described as the time lag in the TTSP model. This
makes the shoulder of the predicted curve a broken line. The
actual shoulder was not a broken line but a curve, as shown in
Fig. 1. Thus, the model requires further improvement.
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ABSTRACT

The antimicrobial effectiveness of sodium benzoate and potassium sorbate (0.05, 0.10,0.20 and 0.30%, wt/wt), separately and in
equal combinations,
were evaluated against the growth of
Zygosaccharomyces bailii in an artificially inoculated salsa mayonnaise stored at room temperature (23 to 25°C). Potassium sorbate
was able to suppress the growth of Z. bailii significantly (P < 0.05)
more than sodium benzoate did, whereas no significant difference in
growth was calculated between potassium sorb ate and the combination in equal amounts of the two preservatives. Equal concentrations
of the two preservati ves were, however, significantly (P < 0.05) more
effective than sodium benzoate in suppressing the growth of the yeast
in a salsa mayonnaise. At the investigated concentrations, the preservative systems did not prevent spoilage of the product by Z. bai/ii.
Therefore, the use of yeast-free ingredients, clean and sanitary
equipment, and strict adherence to good manufacturing practices
during manufacture and packaging is required to produce a salsa
mayonnaise free of spoilage microorganisms.
Key words: Zygosaccharomyces

bai/ii, preservative, mayonnaise

New products
such as salsa mayonnaise,
created by
adding spicy salsa sauce to traditional
condiments,
have
become popular in the United States. Salsa mayonnaise
is a
blend of mayonnaise and Mexican-style
salsa sauce, which is
a tomato-based
product containing
onions, chile peppers,
vinegar, and piquant spice (4, 7).
Spoilage of mayonnaise can occur when it is mixed with
brined products such as relish, chile sauce, olives, or pimentos
(1, 5). Mayonnaise
can be spoiled by yeasts (5), molds (12),
and lactic acid bacteria (12), with the osmotolerant
yeast
Zygosaccharomyces haifii being the most common spoilage
organism (4, 8-10,12,14-16). Spoilage is characterized
by
the production of gas, slight separation of product, and off or
"yeasty" odor (5,7,9,12,14).
Sodium benzoate and potassium sorbate are commonly
used alone or in combination
to control the growth of yeasts,
molds and bacteria in mayonnaise-based
products (2,10, 12,
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14). The activity ofthese preservatives
increases as the pH of
the product decreases due to the formation of undissociated
acid (14). The optimal pH ranges for these preservatives
are
2.5 to 4.0 for sodium benzoate (2) and 6.5 or less for potassium
sorbate (2, 14).
The purpose of this study was to determine the effects of
sodium benzoate and potassium sorbate at various concentrations against the growth of Z. baWi artificially inoculated into
a salsa mayonnaise product.
MATERIALS

AND METHODS

Preparation of salsa mayonnaise
The formulation of salsa mayonnaise consisted of 10,528.64 g
of soybean oil, 4,07 1.89 g of water, 934.09 g of egg yolks (containing
10% wt/wt, NaCl), 707.32 g of vinegar (120 grain), 489.72 g of
brinedjalapeno peppers, 353.68 g of high fructose com syrup, 335.55
g of tomato paste, 163.24 g of salt, 95.22 g of mustard. flour, 68.02
g of cumin, 54.41 g xanthan gum, 27.21 g cilantro, 13.60 g of garlic
powder, 9.07 g of onion powder, 9.07 g of dehydrated onions, 1.36
g of jalapeno powder, 0.75 g. of calcium disodium ethylenediaminetetraacetate, and 0.27 gof citric acid. All ingredients except
the egg yolks and oil were mixed and cooked to 100°C in a laboratory
scale steam-jacketed kettle. After the mixture cooled, the egg yolks
and soybean oil were added to form the emulsion, using a Scott
Turbon mixer. The product was packaged in a 5-gal polypropylene
pail (sanitized priorlo use) and refrigerated until use. Aliquots of250
g of salsa mayonnaise were aseptically added to sterile stomacher
bags (400-ml capacity; Tekmar). Various levels of sodium benzoate
and potassium sorbate (wt/wt) were added to the stomacher bags and
blended by the stomacher (Seward Medical) for 4 min at high speed
to completely dissolve the preservative in the mayonnaise. The final
preservative concentrations separately and in equal amounts were
0.05, OJ, 0.2, and 0.3%. The chemical characteristics of the salsa
mayonnaise were pH 3.74, acid (as acetic acid) 0.46%, salt (as NaCI)
1.51 %, fat 66.50%, and moisture 28.10%; the water activity was
0.949 (21.6°C).
Yeast strain culture and growth
Z. bailii (isolated from mayonnaise) was obtainedJrom Si11iker
Laboratories, Chicago Heights, fL. The culture was maintained on
VOL. 58, NOVEMBER
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Difco Laboratories (Detroit, MI) Sabouraud dextrose agar slants
(SDA) and stored at 4°C. BBL (Cockeysville, MD) Sabouraud liquid
broth modified antibiotic medium 13 (SDB) was made according to
the manufacturer's directions and dispensed into 100-ml dilution
bottles and autoclaved. A loopful of yeast cells from the SDA was
aseptically transferred to the SDB bOllles and incubated at room
temperature (23to 25°C) for two days. After incubation, a loopful of
cells was transferred to a subsequent bottle of SDB. From the second
bottle ofSDB, 0.5 ml of yeast cells was transferred to lOOml ofDifco
tryptic soy broth without dextrose containing 0.3 g of Tween 80 and
160 g of salsa mayonnaise (without preservative) and incubated at
room temperature (23 to 25°C) for 22 days to provide a yeast culture
acclimated to the product environment.
Inoculation of the mayonnaise and enumerating procedures
The salsa mayonnaise containing the acclimated Z. bailii cells
was diluted I: 1,000 using sterile deionized water and 1.0 ml was
pipetted into the stomacher bags containing the salsa mayonnaise
with the various preservative levels, yielding approximately 500
yeast cells per ml. The inoculated bags were stomached for 2 min at
high speed. Appropriate controls with and without preservatives and
yeasts were prepared. Inoculated product was held at room temperature (23 to 25°C) and sampled for a 27-day period, enumerating
initial counts at day 0 and sampling every 3 days. Sampling continued until the population of a particular sample reached a level of 107
cells per g, at which time further enumeration of that sample was
ended.
Enumerationsof the surviving yeasts was obtained using the
pour plate technique. Samples were plated in triplicate on unacidified
BBL potato dextrose agar (PDA). Plates were incubated for 3 to 5
days at room temperature (23 to 25°C). Plates containing between 25
and 250 colonies were counted.

Statistical analysis
Data were converted to 10glOnumber of yeast cells per gram and
geometric means were obtained. Standard linear regression methods
for populations of exponentially growing cells were used to determine the slope. The number of generations was determined by the
following equation: (loglo final cell concentration -Ioglo initial cell
concentration)/0.301.
Therefore growth rates (number of generations per day) were plotted versus preservative concentration, and
the Hill model (11), a variation of the Michaelis-Menten equation,
was used to determine the relationship between growth rate and
preservative concentrations. F-tests at 95% confidence levels were
ised tp determine significance for the nonlinear inhibition curves (6).

RESULTS AND DISCUSSION

potasssium
sorbate, Z. bailii cells continued to grow
salsa mayonnaise after 28 days at room temperature.
potassium sorbate or sodium benzoate concentrations
be used due to government
regulations
and because
flavors due to the preservatives
(2, 14).

in the
Higher
cannot
of off

115

Col<eriralion 01Pr•••• ,O" (% wl'ltll

Figure 1. Effects of various concentrations of preservatives
on the survival ofZygosaccaromyces
bailii in salsa mayonnaise. Symbols: ~, sodium benzoate; 0, potassium sorbate;
0, combination of sodium benzoate and potassium sorbate.
The effectiveness
of preservative
action is attributed to
the amount of undissociated
acid formed (14), which may
explain why potassium sorbate is more effective than sodium
benzoate when equal weights of the two are compared in acid
products. At pH 3.74, 87.5% of sorbic acid exists in the
undissociated
form (13), compared with 66.7% of benzoic
acid (3), which may account for the significant
degree of
effectiveness
seen in controlling
the growth of Z. bailii for
potassium sorbate compared to sodium benzoate at the same
preservative
concentration.
Factors governing spoilage by microorganisms
are complex and may involve the environment,
food composition
including preservatives,
and processing conditions (2). Sodium benzoate and potassium
sorbate, commonly
used in
acidic food products such as mayonnaise,
are two antimicrobial agents whose antimicrobial
activity is dependent
on
inoculum level, kind of spoilage organisms, length of shelf
life, product storage temperature,
pH, and preservative
concentration (2, 14). In this investigation,
the growth of Z. bailii

The antimycotic
effects of potassium
sorbate, sodium
benzoate, and the two in combination
in a salsa mayonnaise
are shown in Figure l. The two preservatives
and the combinations differed in their effect on the growth rate (log-phase
cells) of Z. bailii. Potassium sorbate was significantly
(P <
0.05) more effective than sodium benzoate, whereas no significant difference (P > 0.05) was found between potassium
sorbate and the combination
in equal proportions of the two
preservatives
in controlling the growth of Z. bailii. However,
the combination
of the two preservatives
was significantly
more effecti ve (P <0.05) than sodium benzoate in suppressing
yeast growth in the salsa mayonnaise.
A reduced growth rate of Z. bailii was accompanied
by a

was not inhibited by any of the preservative systems, indicating a potential spoilage problem if the salsa mayonnaise
is
stored at room temperature.
Since Z. bailii is a very hardy
yeast, the cells can survive low pH levels and high salt
concentrations
(8,10,12,14-16), grow in the presence ofhigh
concentrations
of sorbic and benzoic acids commonly used as
preservatives
(8,12,15),
and exhibit adaptability
to higher
concentrations
of a preservative
after being grown in the
presence of moderate amounts ofthe preservative (10,16). Z.
bailii cells have been isolated from various sources, including
a wide variety of ingredients and unclean equipment (4, 7,9,

longer lag phase and a lower cell concentration
that was
directly related to an increase in the preservative
concentration (data not presented).
Even at a concentration
of 0.3%

14). Therefore,
the key to producing
a shelf-stable
salsa
mayonnaise
is the exclusion of this yeast from the finished
product. Since no heat treatment
is used to produce this
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product. ingredients. equipment, and the environment must be
free of Z. bailii. Consequently. the use of microbe-free ingredients, clean and sanitary equipment. the judicious use of
preservatives, and adherence to the tenents of good manufacturing practices during processing and packaging should
produce salsa mayonnaise free of spoilage microorganisms.
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APPENDIX 4: Bacterial Pathogen Growth and Inactivation

420
0.83
0.85
0.97
0.94
0.96
0.945

STAPHYLOCOCCUS AUREUS
GROWTH

STAPHYLOCOCCUS AUREUS
TOXIN FORMATION

VIBRIO CHOLERAE

VIBRIO
PARAHAEMOLYTICUS

VIBRIO VULNIFICUS

YERSINIA ENTEROCOLITICA

Has significantly delayed growth (>24 hours) at 131°F (55°C).
Requires limited levels of oxygen.
Requires the absence of oxygen.
Grows either with or without oxygen.

0.96

SHIGELLA SPP.

1.
2.
3.
4.

0.94

SALMONELLA SPP.

0.92

LISTERIA
MONOCYTOGENES

0.97

CLOSTRIDIUM BOTULINUM,
TYPE E, AND NON
PROTEOLYTIC
TYPES B AND F

0.95

0.935

CLOSTRIDIUM BOTULINUM,
TYPE A, AND PROTEOLYTIC
TYPES B AND F

PATHOGENIC STRAINS OF
ESCHERICHIA COLI

0.987

CAMPYLOBACTER JEJUNI

0.93

0.92

BACILLUS CEREUS

CLOSTRIDIUM PERFRINGENS

MIN. AW
(USING SALT)

PATHOGEN

4.2

5

4.8

5

4

4

4.8

3.7

4.4

4

5

5

4.6

4.9

4.3

MIN.
pH

10

10

11

10

9.8

10

9.3

9.5

9.4

10

9

9

9

9.5

9.3

MAX.
pH

7

5

10

6

10

20

5.2

8

10

6.5

7

5

10

1.7

10

MAX. % WATER
PHASE SALT

TABLE A-1
LIMITING CONDITIONS FOR PATHOGEN GROWTH

50°F
10°C
43.7°F
6.5°C
31.3°F
-0.4°C
41.4°F
5.2°C
43°F
6.1°C
44.6°F
7°C
50°F
10°C
50°F
10°C
41°F
5°C
46.4°F
8°C
29.7°F
-1.3°C

37.9°F
3.3°C

39.2°F
4°C
86°F
30°C
50°F
10°C

MIN. TEMP.

125.6°F
52°C
120.9°F
49.4°C
113°F
45°C
115.2°F
46.2°C
116.8°F
47.1°C
122°F
50°C
118°F
48°C
109.4°F
43°C
113.5°F
45.3°C
109.4°F
43°C
107.6°F
42°C

113°F
45°C

131°F1
55°C
113°F
45°C
118.4°F
48°C

MAX. TEMP.

facultative
anaerobe4
facultative
anaerobe4
facultative
anaerobe4
facultative
anaerobe4
facultative
anaerobe4
facultative
anaerobe4
facultative
anaerobe4
facultative
anaerobe4
facultative
anaerobe4
facultative
anaerobe4

anaerobe3

anaerobe3

facultative
anaerobe4
micro
aerophile2
anaerobe3

OXYGEN
REQUIREMENT

TABLE A-2
TIME AND TEMPERATURE GUIDANCE FOR
CONTROLLING PATHOGEN GROWTH AND TOXIN FORMATION IN FISH AND FISHERY PRODUCTS
POTENTIALLY HAZARDOUS CONDITION

PRODUCT TEMPERATURE

MAXIMUM CUMULATIVE
EXPOSURE TIME

GROWTH AND TOXIN FORMATION
BY BACILLUS CEREUS

39.2-43°F (4-6°C)
44-59°F (7-15°C)
60-70°F (16-21°C)
Above 70°F (21°C)
86-93°F (30-34°C)
Above 93°F (34°C)

5 days
1 day
6 hours
3 hours
48 hours
12 hours

GERMINATION, GROWTH, AND TOXIN
FORMATION BY CLOSTRIDIUM BOTULINUM
TYPE A, AND PROTEOLYTIC TYPES B AND F

50-70°F (10-21°C)
Above 70°F (21°C)

11 hours
2 hours

GERMINATION, GROWTH, AND TOXIN
FORMATION BY CLOSTRIDIUM BOTULINUM
TYPE E, AND NON-PROTEOLYTIC
TYPES B AND F

37.9-41°F (3.3-5°C)
42-50°F (6-10°C)
51-70°F (11-21°C)
Above 70°F (21°C)

7 days
2 days
11 hours
6 hours

GROWTH OF CLOSTRIDIUM PERFRINGENS

50-54°F (10-12°C)
55-57°F (13-14 °C)
58-70°F (15-21°C)
Above 70°F (21°C)

21 days
1 day
6 hours1
2 hours

GROWTH OF PATHOGENIC STRAINS OF
ESCHERICHIA COLI

43.7-50°F (6.6-10°C)
51-70°F (11-21°C)
Above 70°F (21°C)

2 days
5 hours
2 hours

GROWTH OF LISTERIA MONOCYTOGENES

31.3-41°F (-0.4-5°C)
42-50°F (6-10°C)
51-70°F (11-21°C)
71-86°F (22-30°C)
Above 86°F (30°C)

7 days
1 day
7 hours
3 hours
1 hour

GROWTH OF SALMONELLA SPECIES

41.4-50°F (5.2-10°C)
51-70°F (11-21°C)
Above 70°F (21°C)
43-50°F (6.1-10°C)
51-70°F (11-21°C)
Above 70°F (21°C)
50°F (7-10°C)
51-70°F (11-21°C)
Above 70°F (21°C)

2 days
5 hours
2 hours
2 days
5 hours
2 hours
14 days
12 hours1
3 hours

GROWTH OF VIBRIO CHOLERAE

50°F (10°C)
51-70°F (11-21°C)
71-80°F (22-27°C)
Above 80ºF (27ºC)

21 days
6 hours
2 hours
1 hour2

GROWTH OF VIBRIO PARAHAEMOLYTICUS

41-50°F (5-10°C)
51-70°F (11-21°C)
71-80°F (22-27°C)
Above 80ºF (27ºC)

21 days
6 hours
2 hours
1 hour2

GROWTH OF VIBRIO VULNIFICUS

46.4-50°F (8-10°C)
51-70°F (11-21°C)
71-80°F (22-27°C)
Above 80ºF (27ºC)

21 days
6 hours
2 hours
1 hour2

GROWTH OF YERSINIA ENTEROCOLITICA

29.7-50°F (-1.3-10°C)
51-70°F (11-21°C)
Above 70°F (21°C)

1 day
6 hours
2.5 hours

GROWTH OF CAMPYLOBACTER JEJUNI

GROWTH OF SHIGELLA SPECIES

GROWTH AND TOXIN FORMATION BY
STAPHYLOCOCCUS AUREUS

1.
2.

Additional data needed.
Applies to cooked, ready-to-eat foods only.
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63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

145

147

149

151

153

154

156

158

160

162

163

165

167

169

171

172

174

176

178

180

182

183

185

Note: z = 13.5°F (7.5°C).

INTERNAL PRODUCT
TEMPERATURE (°C)

INTERNAL PRODUCT
TEMPERATURE (°F)

100.000

73.564

54.116

39.810

29.286

21.544

15.849

11.659

8.577

6.310

4.642

3.415

2.512

1.848

1.359

1.000

0.736

0.541

0.398

0.293

0.215

0.158

0.117

LETHAL RATE

TABLE A-3
INACTIVATION OF LISTERIA MONOCYTOGENES

0.02

0.03

0.03

0.05

0.07

0.09

0.1

0.2

0.2

0.3

0.4

0.6

0.8

1.0

1.5

2.0

2.7

3.7

5.0

6.8

9.3

12.7

17.0

TIME FOR 6D PROCESS (MINUTES)

Medicinal Drops Shelf Life Study
The product submitted for testing has not been dosed with any medication, we are testing the carrier
solution. The carrier solution is distilled water, sorbic acid, potassium sorbate, and nanostabilizer
solution (Coconut oil, Vitamin E, Mixed Phospholipids, Distilled Water, Sorbic Acid, Sodium Benzoate).
The pH is ≤3.6. Product is in a 1oz glass bottle with dropper lid.
The product is distributed under ambient conditions. Anticipated use by customers is daily. Drops are
dispensed from dropper lid and added to a beverage or may be taken orally without dilution. Chance of
contamination is high when using.
Study A – Establish Shelf Life of sealed product. Product to be stored at ambient conditions during
length of study. Product to be tested Day 1 and every 14 days for 30 weeks (7 months). Tests to be
terminated if spoilage occurs. Retain unused product for additional microbial analysis. Microbial
analysis testing: Aerobic Plate Count, Yeast Plate Count, Mold Plate Count.
Study B – Establish Shelf life of opened product with simulated customer use patterns. All product
bottles are to be opened daily and exposed to non-sterile environmental conditions. 3 environmental
conditions will be tested, storage at 45˚F, 70˚F, and 100˚F. Products to be tested on Day 1 and every 7
days for 7 weeks. Continue testing for duration of study even if spoilage occurs, discuss additional
microbial testing with unused products. Please note on COA the simulated handling conditions,
temperature and daily exposure. Microbial analysis testing: Aerobic Plate Count, Yeast Plate Count,
Mold Plate Count.
Carrier solution submitted for microbial studies has been manufactured per the process outlined in the
attached HACCP plan.
As of October 18, 2019 4 weeks of microbial testing have been conducted. Analytical studies for control
of microorganisms have been indicative that reformulation has been successful in controlling pathogenic
and spoilage organisms. Upon completion of the analytical studies Standard Wellness intends to
achieve a 6 month shelf life of sealed product and an additional 4-6 weeks for use after opening. Testing
results attached.

PHOODIE SAFE LLC
1 LOUIS DRIVE
PEPPER PIKE, OH 44124
Testing Cert. # 2598.09

Certificate of Analysis
Client: E1422E
Control #: 0546054GF

Received Date: 9/12/2019
Received Time: 13:26

Sample:
Coll. Date:

WI-403929
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Normal

Description:

MEDICAL DROPS INITIAL WEEK 1

Temperature:

Aerobic Plate Count

Results: <1

Units: CFU/ML

Results: <1

Units: CFU/ML

PO #:
COC ID: E1422E-159355

01
1000136 - Other (Specify): DIETARY
SUPPLEMENT
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/ML

Method: Compendium 2nd Ed., Chapter 17

9/17/2019

Electronically verified by: Rueth, Todd - The results of these tests relate only to the samples received by
ALS Marshfield, LLC. This report shall not be reproduced except in full, without written approval of the
laboratory.

ALS MARSHFIELD, LLC
510 N ST JOSEPH AVE * MARSHFIELD, WI 54449-1830
1-877-318-4939

Page 1/1

PHOODIE SAFE LLC
1 LOUIS DRIVE
PEPPER PIKE, OH 44124
Testing Cert. # 2598.09

Certificate of Analysis
Client: E1422E
Control #: 0546340GF

Received Date: 9/19/2019
Received Time: 11:42

Series ID:
Source:

PO #:
COC ID: E1422E-159672

Sample:
Coll. Date:

WI-404733
9/5/2019

Coll. Time:
Condition:

Normal

Description:

MEDICINAL DROPS SEALED PRODUCT, AMBIENT CONDITION WEEK 2

Temperature:

Aerobic Plate Count

Results: <1

Units: CFU/G

Results: <1

Units: CFU/G

02
1000136 - Other (Specify): DIETARY
SUPPLEMENT
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/G

Method: Compendium 2nd Ed., Chapter 17

9/25/2019

Electronically verified by: Dammann, Hondo - The results of these tests relate only to the samples received
by ALS Marshfield, LLC. This report shall not be reproduced except in full, without written approval of the
laboratory.

ALS MARSHFIELD, LLC
510 N ST JOSEPH AVE * MARSHFIELD, WI 54449-1830
1-877-318-4939

Page 1/1

PHOODIE SAFE LLC
1 LOUIS DRIVE
PEPPER PIKE, OH 44124
Testing Cert. # 2598.09

Certificate of Analysis
Client: E1422E

Received Date: 9/19/2019

Control #: 0546341GF

Received Time: 11:50

Sample:
Coll. Date:

WI-404734
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Normal

Description:

MEDICINAL DROPS OPENED PRODUCT DAY 7 45 DEG F

Temperature:

Aerobic Plate Count

Results: 1

Units: CFU/G

Results: <1

Units: CFU/G

PO #:
COC ID: E1422E-159673

02
1000136 - Other (Specify): DIETARY
SUPPLEMENT
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/G

Method: Compendium 2nd Ed., Chapter 17

Sample:
Coll. Date:

WI-404735
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Temperature:
Normal

Description:

MEDICINAL DROPS OPENED PRODUCT DAY 7 70 DEG F

Aerobic Plate Count

Results: <1

Units: CFU/G

Results: <1

Units: CFU/G

02
1000136 - Other (Specify): DIETARY
SUPPLEMENT
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/G

Method: Compendium 2nd Ed., Chapter 17

ALS MARSHFIELD, LLC
510 N ST JOSEPH AVE * MARSHFIELD, WI 54449-1830
1-877-318-4939

Page 1/2

PHOODIE SAFE LLC
1 LOUIS DRIVE
PEPPER PIKE, OH 44124
Testing Cert. # 2598.09

Certificate of Analysis
Client: E1422E
Control #: 0546341GF

Received Date: 9/19/2019
Received Time: 11:50

Sample:
Coll. Date:

WI-404736
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Normal

Description:

MEDICINAL DROPS OPENED PRODUCT DAY 7 100 DEG F

Temperature:

Aerobic Plate Count

Results: <1

Units: CFU/G

Results: <1

Units: CFU/G

PO #:
COC ID: E1422E-159673

02
1000136 - Other (Specify): DIETARY
SUPPLEMENT
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/G

Method: Compendium 2nd Ed., Chapter 17

9/25/2019

Electronically verified by: Dammann, Hondo - The results of these tests relate only to the samples received
by ALS Marshfield, LLC. This report shall not be reproduced except in full, without written approval of the
laboratory.

ALS MARSHFIELD, LLC
510 N ST JOSEPH AVE * MARSHFIELD, WI 54449-1830
1-877-318-4939

Page 2/2

PHOODIE SAFE LLC
1 LOUIS DRIVE
PEPPER PIKE, OH 44124
Testing Cert. # 2598.09

Certificate of Analysis
Client: E1422E

Received Date: 9/26/2019

Control #: 0546684GF

Received Time: 13:32

Sample:
Coll. Date:

WI-405716
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Normal

Description:

MEDICINAL DROPS OPENED PRODUCT DAY 14 45 DEG F

Temperature:

Aerobic Plate Count

Results: <1

Units: CFU/G

Results: <1

Units: CFU/G

PO #:
COC ID: E1422E-160095

03
1000136 - Other (Specify): DIETARY
SUPPLEMENT
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/G

Method: Compendium 2nd Ed., Chapter 17

Sample:
Coll. Date:

WI-405717
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Temperature:
Normal

Description:

MEDICINAL DROPS OPENED PRODUCT DAY 14 70 DEG F

Aerobic Plate Count

Results: <1

Units: CFU/G

Results: 2

Units: CFU/G

03
1000136 - Other (Specify): DIETARY
SUPPLEMENT
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/G

Method: Compendium 2nd Ed., Chapter 17

ALS MARSHFIELD, LLC
510 N ST JOSEPH AVE * MARSHFIELD, WI 54449-1830
1-877-318-4939

Page 1/2

PHOODIE SAFE LLC
1 LOUIS DRIVE
PEPPER PIKE, OH 44124
Testing Cert. # 2598.09

Certificate of Analysis
Client: E1422E
Control #: 0546684GF

Received Date: 9/26/2019
Received Time: 13:32

Sample:
Coll. Date:

WI-405718
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Normal

Description:

MEDICINAL DROPS OPENED PRODUCT DAY 14 100 DEG F

Temperature:

Aerobic Plate Count

Results: <1

Units: CFU/G

Results: <1

Units: CFU/G

PO #:
COC ID: E1422E-160095

03
1000136 - Other (Specify): DIETARY
SUPPLEMENT
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/G

Method: Compendium 2nd Ed., Chapter 17

10/2/2019

Electronically verified by: Dammann, Hondo - The results of these tests relate only to the samples received
by ALS Marshfield, LLC. This report shall not be reproduced except in full, without written approval of the
laboratory.

ALS MARSHFIELD, LLC
510 N ST JOSEPH AVE * MARSHFIELD, WI 54449-1830
1-877-318-4939

Page 2/2

PHOODIE SAFE LLC
1 LOUIS DRIVE
PEPPER PIKE, OH 44124
Testing Cert. # 2598.09

Certificate of Analysis
Client: E1422E
Control #: 0546975GF

Received Date: 10/3/2019
Received Time: 13:47

Sample:
Coll. Date:

WI-406525
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Normal

Description:

MEDICINAL DROPS OPENED PRODUCT DAY 21 45 DEG F

Temperature:

Aerobic Plate Count

Results: <1

Units: CFU/ML

Results: <1

Units: CFU/ML

PO #:
COC ID: E1422E-160428

04
1000136 - Other (Specify): DIETARY
SUPPLEMENT
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/ML

Method: Compendium 2nd Ed., Chapter 17

Sample:
Coll. Date:

WI-406526
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Temperature:
Normal

Description:

MEDICINAL DROPS OPENED PRODUCT DAY 21 70 DEG F

Aerobic Plate Count

Results: <1

Units: CFU/ML

Results: <1

Units: CFU/ML

04
1000136 - Other (Specify): DIETARY
SUPPLEMENT
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/ML

Method: Compendium 2nd Ed., Chapter 17

ALS MARSHFIELD, LLC
510 N ST JOSEPH AVE * MARSHFIELD, WI 54449-1830
1-877-318-4939

Page 1/2

PHOODIE SAFE LLC
1 LOUIS DRIVE
PEPPER PIKE, OH 44124
Testing Cert. # 2598.09

Certificate of Analysis
Client: E1422E
Control #: 0546975GF

Received Date: 10/3/2019
Received Time: 13:47

Sample:
Coll. Date:

WI-406527
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Normal

Description:

MEDICINAL DROPS OPENED PRODUCT DAY 21 100 DEG F

Temperature:

Aerobic Plate Count

Results: <1

Units: CFU/ML

Results: <1

Units: CFU/ML

PO #:
COC ID: E1422E-160428

04
1000136 - Other (Specify): DIETARY
SUPPLEMENT
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/ML

Method: Compendium 2nd Ed., Chapter 17

10/9/2019

Electronically verified by: Dammann, Hondo - The results of these tests relate only to the samples received
by ALS Marshfield, LLC. This report shall not be reproduced except in full, without written approval of the
laboratory.

ALS MARSHFIELD, LLC
510 N ST JOSEPH AVE * MARSHFIELD, WI 54449-1830
1-877-318-4939

Page 2/2

PHOODIE SAFE LLC
1 LOUIS DRIVE
PEPPER PIKE, OH 44124
Testing Cert. # 2598.09

Certificate of Analysis
Client: E1422E

Received Date: 10/10/2019

Control #: 0547229GF

Received Time: 13:51

Sample:
Coll. Date:

WI-407389
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Normal

Description:

MEDICINAL DROPS OPENED DAY 28 45 DEG F

Temperature:

Aerobic Plate Count

Results: 3

Units: CFU/ML

Results: <1

Units: CFU/ML

PO #:
COC ID: E1422E-160723

05
1000136 - Other (Specify): DIETARY
SUPPLEMENTS
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/ML

Method: Compendium 2nd Ed., Chapter 17

Sample:
Coll. Date:

WI-407390
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Temperature:
Normal

Description:

MEDICINAL DROPS OPENED DAY 28 70 DEG F

Aerobic Plate Count

Results: 2

Units: CFU/ML

Results: <1

Units: CFU/ML

05
1000136 - Other (Specify): DIETARY
SUPPLEMENTS
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/ML

Method: Compendium 2nd Ed., Chapter 17

ALS MARSHFIELD, LLC
510 N ST JOSEPH AVE * MARSHFIELD, WI 54449-1830
1-877-318-4939

Page 1/2

PHOODIE SAFE LLC
1 LOUIS DRIVE
PEPPER PIKE, OH 44124
Testing Cert. # 2598.09

Certificate of Analysis
Client: E1422E

Received Date: 10/10/2019

Control #: 0547229GF

Received Time: 13:51

Sample:
Coll. Date:

WI-407391
9/5/2019

Series ID:
Source:

Coll. Time:
Condition:

Normal

Description:

MEDICINAL DROPS OPENED DAY 28 100 DEG F

Temperature:

Aerobic Plate Count

Results: 1

Units: CFU/ML

Results: <1

Units: CFU/ML

PO #:
COC ID: E1422E-160723

05
1000136 - Other (Specify): DIETARY
SUPPLEMENTS
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/ML

Method: Compendium 2nd Ed., Chapter 17

10/16/2019 Electronically verified by: Dammann, Hondo - The results of these tests relate only to the samples received
by ALS Marshfield, LLC. This report shall not be reproduced except in full, without written approval of the
laboratory.

ALS MARSHFIELD, LLC
510 N ST JOSEPH AVE * MARSHFIELD, WI 54449-1830
1-877-318-4939

Page 2/2

PHOODIE SAFE LLC
1 LOUIS DRIVE
PEPPER PIKE, OH 44124
Testing Cert. # 2598.09

Certificate of Analysis
Client: E1422E
Control #: 0547230GF

Received Date: 10/10/2019

PO #:

Received Time: 13:57

Series ID:
Source:

COC ID: E1422E-160724

Sample:
Coll. Date:

WI-407392
9/5/2019

Coll. Time:
Condition:

Normal

Description:

MEDICINAL DROPS SEALED WEEK 4 AMBIENT CONDITIONS

Temperature:

Aerobic Plate Count

Results: <1

Units: CFU/ML

Results: <1

Units: CFU/ML

03
1000136 - Other (Specify): DIETARY
SUPPLEMENTS
20.0 DEG-C

Method: AOAC 966.23

Mold Plate Count

Method: Compendium 2nd Ed., Chapter 17

Yeast Plate Count

Results: <1

Units: CFU/ML

Method: Compendium 2nd Ed., Chapter 17

10/16/2019 Electronically verified by: Dammann, Hondo - The results of these tests relate only to the samples received
by ALS Marshfield, LLC. This report shall not be reproduced except in full, without written approval of the
laboratory.

ALS MARSHFIELD, LLC
510 N ST JOSEPH AVE * MARSHFIELD, WI 54449-1830
1-877-318-4939
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