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Part 1: Signed Statement and Certification 

1.1 Statement of Intent 

We want to submit a GRAS notice concerning the microorganism Carnobacterium divergens M35 used as 
a protective culture in ready-to-eat fish product {excluding catfish in this document) in accordance with 
the regulation 21 CFR §170, subpart Eof the US Food and Drug Administration. 

1.2 Name and Address of the Organization 

Fumoir Grizzly Inc. 
159 d'Amsterdam street, Saint-Augustin-De-Desmaures 
Quebec, Canada, G3A 2VS 
Contact name: 
Michelle Tessier, Manager, Quality Management Program 
+1 (418) 878-8941 extension 26 
mt@grizzly.qc.ca 

1.3 Name of the Notified Substance 

Carnobacterium divergens M35 is also known as BacM35, which is the commercial name of the bio­
ingredient. It can be included in the ingredient list as "Bacterial culture". 

1.4 Intended Conditions of Use 

The bio-preservative preparation containing Carnobacterium divergens M35 cells and its metabolites, 
including the bacteriocin divergicin M35, is intended for the inhibition of Listeria monocytogenes in fresh, 
frozen or smoked fish (excluding catfish) See part 7.2. Its efficiency was scientifically demonstrated in cold­
smoked Coho salmon, as well as in frozen tuna. The microorganism can be applied to fresh or frozen fish 
(catfish specifically excluded in this submission). The lyophilized microorganism shall be re-suspended in 
water ofsuitable microbiological quality (drinking water or higher grade ofwater) and applied by spraying 
or mixing to obtain a final concentration of 106 CFU (colony forming unit) pergram of product. The treated 
product can be stored at 4 •c or frozen during its respective conservation time. 

There is no specific subpopulation expected to consume the microorganism, the targeted consumer is the 
general population. 

1.5 Statutory basis for Conclusion of GRAS Status 

The strain Carnobacterium divergens M35 GRAS status is based on scientific procedures §170.30(a) and 
(b) and literature information regarding the safety of the species divergens and the scientific data 
generated by experts from a research group at Universite Laval, Quebec, Canada and lnnodal through 
a collaborative research project with Fumoir Grizzly. Based on all this information, there is a certitude 
that viable Carnobacterium divergens M35 is GRAS under the intended condition of use. Also, the 
bio-preservative preparation has already been accepted by Health Canada as a New Food Additive, 

as an 
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Antimicrobial Preservative, in Sliced Ready-to-Eat Cold-Smoked Sa lmon and Sliced Ready-to-Eat Cold­
Smoked Trout (Reference Number: NOP/ AVP-0018: https://www.canada .ca/ en/ health­
canada/ services/ food-nutrition/ public-involvement-partnerships/ proposal-use-new-food-additive­
carnobacterium-divergens-antimicrobial-preservative-sliced-ready-cold-smoked-salmon-sliced.html, 
consulted December l't, 2021). 

1.6 Premarket Approval Requirements 

The bio-preservative is not subject to the premarket approval requirements of Federal Food drugs and 
Cosmetic act, because it is thought to be Generally Recognized as Safe (GRAS) under the conditions of use 
and it does not technically affect food from a nutritional and toxicological point of view. It does not impart 
color to the food or changes it's chemical and physical properties. 

1.7 Availabilty of Information and Data 

We agree to make the data and information available for the evaluation commit tee. When requested, 
available data w ill be sent (hard or electronic copy) to the committee and we allow the evaluation 
committee to review and copy t he data and information. Fumoir Grizzly may be contacted at t he address 
indicated in point #2, during business hours. 

1.8 Disclosure under the Freedom of Information Act 

Any data and information in Parts 2 through 7 of this GRAS notice are not exempt from disclosure under 
the Freedom of Information Act,5 U.S.C.552. 

1.9 Certification 

Based on the information and t he best of our knowledge, we certify that our GRAS notice is complete, 
representative and balanced. It includes favorable and unfavorable information known to us and pertinent 
to the evaluation of the safety and GRAS status of the use of the substance. 

1.10 Signature 

1- R'-1 01v1n

o'I/tJ1' /ao~~ 

 Signature of responsible official:

Printed name and title: 

Date (mm/dd/yyyy): 

If necessary, we authorize to send any trade secret to the Food Safety and Inspection Service of the U.S 
Department ofAgriculture. 
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Part 2: Identity} Method of Manufacture, Specifications and Physical or 
Technical Effect 

2.1 Scientific Data and Information that Identifies the Notified Substance 

2.1.1 Identification of the strain, its metabolites and information substantiating the identification 
The strain concerning this New Substances Notification form is Carnobacterium divergens M35. Isolate 
M35 was identified as Carnobacterium divergens by phenotypic characteristics, carbohydrate 
fermentation profile (API Gallery} and genetic identification (1). Numerous strains of lactic acid bacteria, 
isolated from ready-to-eat fish and seafood product, have demonstrated an inhibitory effect against the 
pathogen Listeria monocytogenes. Carnobacterium divergens M35 has shown higher potential and was 
therefore selected to make a protective culture for use in ready-to-eat food. Using standard methods of 
characterization, the biochemical and physiological profiles (e.g. production of Dor L lactic acid, ability to 
grow at low temperatures) has been examined in order to establish its presumptive taxonomical 
classification. Isolate M35 was also selected for its significant inhibitory activity against L. monocytogenes. 

Furthermore, using targeted primers (Cbl/Cb2) to amplify a specific ribosomal RNA sequence 340 base 
pairs in length, this isolate has been found to belong to the genus Carnobacterium (see figure 1). The full 
genome is not currently available. 

Other primers were then used to amplify sequences peculiar to known species of Carnobacterium which 
allowed us to identify a 199-bp amplicon characteristic of the species divergens, obtained using the primer 
pair 27F/cdi (see figure 2) (2). Isolate M35 was thus assigned to the species Carnobacterium divergens. 

s 4 3 2 1 

Figure 1. Genotyping of isolate M35 using primer pair Cb1/Cb2r to amplify a sequence of Carnobacterium 
165 rRNA by PCR. Lane 1-Lactoboci/fus farciminis; lane 2 - M35; lane 3 - Carnobacterium piscico/a CS74; 
lane 4 - negative control; lane 5 - molecular mass mark 
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13 11 9 7 5 3 1 
14 12 10 8 6 4 2 

199 bp-+ 

Figure 2. Genotyping of isolate M35 using PCR to amplify 165 rRNA with universal primer 27f and primers 
Cdi, Cmo, Cpg and Cga specific for Carnobacterium species divergens, mobile, piscicola/gallinarum and 
gallinarum respectively. 

Isolate C. divergens M35 was deposited at the International Depository Authority of Canada in Winnipeg, 
Manitoba, under the number ADI 050404-01 (https:ljwww.canada.ca/ en/ public­
health/programs/ internationa1-depository-authority-canada.htm 1. consulted December 1'1, 2021). 

Carnobacterium divergens M35 is known to produce the bacteriocin divergicin M35 (1). Bacteriocins are 
small peptides produced by bacteria that possess targeted antimicrobial activity against other genus 
and/or species of bacteria (3). This bacteriocin is 43 amino-acid long, as a molecular weight of 4525 Da 
and is classified as a class Ila bacteriocins, which are known for their consensus motif YGNGV (4). More 
precisely, the sequence of divergicin M35 is TKYYGNGVYC NSKKCWVDWG TAQGCIDWI GQLGGGIPGK GKC 
and its Uniprot access number is P84962 (https://www.uniprot.org/uniprot/ P84962. consulted January 
101h, 2022). 

2.1.2 The stra in history 
No genetic modifications have been done to the strain. It is used as it was isolated from frozen smoked 
mussels naturally found in the waters of St-Lawrence River in Gaspe, Quebec, Canada. Bivalve shellfish 
are known to accumulate some marine toxins through their feeding process. Those bio toxins can cause 
different types of illness such as paralytic shellfish poisoning (PSP), amnesic shellfish poisoning caused by 
domoic acid (ASP) and diarrhetic shellfish poisoning (DSP) (5). 

2.1.3 M ethods that can be used to distinguish and detect t he m icro-organ ism 
C. divergens M35 is a non-motile gram-positive rod lactic acid bacterium, non-spore forming, growing in 
short chains, catalase and oxidase negative. It produces only L-lactic acid and very little gas. Growth 
happens at 5° C but not at 45°C with an optimal growth temperature of 30°C, it can tolerate high amounts 
of salts and metabolize arginine at a glucose concentration of 0.5%. It appears that the growth of the 
strain is self-limited at 109 CFU (colony forming unit) in MRS broth at 30°C for 24h. On TSA media 
supplemented with 0.6% of Yeast Extract or MRS Agar, after 48h of incubation at 30°C, the colonies have 
a round shape, white opaque color and small size (1-2 mm). If put in broth (TSBYE) or STYA (fermentation 
media: Sg/L Sodium acetate, Sg/L dextrose, 43 g/L Yeast extract and lg/L polysorbate 80), the supernatant 
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is loaded with bacteriocin and it can inhibit the growth of Listeria monocytogenes in microplate or soft 
agar assay. 

To assess that the inhibitory activity of the strain was due only to the presence of t he bacteriocin divergicin 
M35 and not other toxicants or metabolites, t he antimicrobial activity of strain M35 was compared to 
another strain of Carnobacterium divergens {ATCC 35677) that does not produce bacteriocin (6). The 
results showed that the strain ATCC 35677, which does not produce any bacteriocin, has no effect on 
Listeria monocytogenes in a challenge test experiment or in an agar-well diffusion assay (see figure 3 and 
4). So, the antimicrobial properties of strain M35 is attributable to its bacteriocin production . 

..... 
C 

D 

Figure 3. Agar-well diffusion assay showing zones of inhibition of L. innocua HPB13 by (A) C. divergens 
M35 MRS culture supernatant concentrated 1O-fold, (B} divergicin M35 bio-ingredient obtained from C. 
divergens M35 SCH culture supernatant concentrated 10-fold, (C) purified divergicin M35, (D} C. divergens 
M35 un-concentrated MRS culture supernatant and (E} C. divergens ATCC 35677 MRS culture 
supernatant. From Tahiri et al. 2009 (6). 

5 a 

0 3 7 10 15 21 

Time (days) 

Figure 4. Evolution of viable Listeria monocytogenes LSDS32 count in cold-smoked salmon inoculated 
with L. monocytogenes and stored at 4 °C for 21 days.gJControl (treatment A, always at zero here)II L. 
monocytogenes alone (treatment B),~L. monocytogenes as a co-culture with C. divergens M35 
(treatment C),O L. monocytogenes as a co-culture with C. divergens ATCC 35677 (treatment D),mL. 

monocytogenes with purified divergicin M35; 50 mg/g (treatment E), ~ L. monocytogenes with 
divergicin M35 bio-ingredient (treatment F) and lllL. monocytogenes with MRS culture supernatant 
concentrated 1O-fold 
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{treatment G). Error bars indicate standard deviations of treatments and duplicate enumerations per 
treatment. Different letters at the same time point indicate significant difference (P < 0.05). From Tahiri 
et al. 2009 (6). 

Finally, two methods may be used for the specific detection and monitoring of C. divergens in foods. The 
first is based on a selective medium developed by Wasney et al. (7). CTSI agar contains sucrose, 
manganese sulfate, thallium acetate, inulin, thiamine hydrochloride, vancomycin, and nisin. On this 
medium, C. divergens produces high ly characteristic pink colonies. Using a top layer of tryptic soy soft 
agar inoculated with Listeria ivanovii (a non-pathogenic organism), M35 colonies that produce divergicin 
can be counted specifically. The second method is based on the amplification of a specific DNA sequence 
of 199 base pairs in length using the primer pair 27F/cdi. The details of this molecular method are 
described in scientific articles published by Barakat et al., Tahiri et al. 2004 and 2009 (1, 2, 6). These two 
methods have been successfully used for detection and monitoring C. divergens M35 in cold and frozen 
smoked salmon. Finally, its ability to grow at pH 9 and low tolerance to acidic media can also be used to 
distinguish Carnobacterium from other lactic acid bacteria (8). 

2.2 Method of manufacture of the notified substance 

2.2.1 Culture media ingredients 

An optimized culture medium {STYA) is used for the manufacture of the C. divergens M35-based bio­
preservative composed of: 

- Sodium acetate - (Sg/L) (Cas No 127-09-3) 
- Dextrose - (5g/L) (Cas No 50-99-7) 
- Yeast extract - (43g/L) {Cas No 8013-01-2) 
- Polysorbate 80 - (lg/L) {Cas No 9005-65-6) 
- Maltodextrin - (150g/L) {Cas No 9050-36-6) 

Each ingredient is certified food grade and allergen free by the manufacturer, following good 
manufacturing practices (GMP}. 

2.2.2 Fermentation conditions 

- Inoculation strain : Carnobacterium divergens M35 
- Inoculation volume ratio: 0.5 % 
- Incubation temperature: 30-37 °C 
- Agitation: 100 rpm 
- pH controlled at 7.0 using NH4OH solution {lOM) 
- Fermentation t ime: about 18h 

Seed culture is kept at -80°C in fresh culture media supplemented with 20% glycerol to protect the cells. 
Each culture is started from the seed culture and propagated only three times to ensure genomic stability. 

Under these culture conditions, an optical density of 1.04, equivalent to about 3 x 109 CFU/ml, is reached 
within 18 h. Based on agar diffusion and critical dilution methods, the inhibitory activity of the resulting 
culture broth is about 2.1 x 106 AU/ml, which corresponds to an inhibition zone diameter of 23 mm. 
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2.2.3 Stabilizing the C. divergens M35-based bio-preservative for storage 
Composit ion of the lyophil ization or spray-dried medium: 

- Culture broth obtained from the preceding production step 
- sucrose: 5-10 % w/v 

The mixture is frozen at - 25 ·c then lyophilized or directly spray-dried under the following conditions: 

Lyophilization : 
- Lyophilization time: 48h 
- Vacuum conditions:< 30 mTorr 

Spray drying: 
- Temperature during spray drying: between 180 t o 110°C entrance 
The product should be stored at 4 °C in t he dark. 

2.2.4 Labelling 

Labelling shall be done according the figure 5. 

B 

A 

[lli.cM35 ] 

~
6RIZZLY 
 

Production date: 20-02-2020 

Expiration date: 20-02-2021 
Batch number: 20022020 

Amount to dissolve : 2.33 g/L 
Concentration : lX

Quantity : 500g 

Production date: Date of production and packaging 

Expirat ion date: One year after the packaging date. 
The viability of C. divergens M35 is guaranteed to be 

stable during that period. 

Batch number: This number is linked to the 

ingredients used in the fermentation process and to 

the quality control testing. 

Amount to dissolve : Amount determined to ensure 

that 10VcFU is applied per g of food product. In that 

particular case, there is 9,7 Log(CFU/g) of C. divergens 
M35 in the dried bio-ingredient. Knowing that 1ml of 
solution {dissolved bio-ingredient) is applied per 25g 

oi iood product, 1he solution must have a 
wncent1ation of 7,1 Log(CFU/ml). To obtain that 

concentration, you must dissolve 2,Sg/L of the dried 

bio-ingredient. 

Concentration: Based 011 the viability of the strain. lX 

=9,7 Log(CFU/g) 

Quantity: Amount of bt0-1ngred1eot BacM35 in each 

vacuum-sealerl bag. 

COR: Kosher approval by Kashruth Council of Canada 

IN NODAL 

Figure S. Labeling of the bio-ingredient BacM35 as sold in Canada. A: Front and B: Back. 
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The manufacturing process for the organism is described below. The purity of the culture is ensured by 
working in aseptic conditions and thorough microbiological testing (see below) between key steps of the 
process. Once lyophilized, the strain inoculum is stable for one years a4 °C. All the ingredients are food 
grade and certified allergen free and thus, the bio-ingredient is produced in accordance with current good 
manufacturing practices (cGMP). 

2.2. 5 Manufacturing process flow 

z 
0 
i= 
<( 
u 
;:.: 
~ 

0.. 
'.2 
<( 

0 
w 
w 
V') 

z 
0 
i= u 
::> 
0 
~ 
w 
u z 
~ 
V') 

ill 
a: 

z 
0 
i= 
u
::, 
0 
0 
a: 
0.. 
cc! 
:r 
I-
~ 
0 
a: 
\!I 

Protocol Overview - Upstream Process 

1) GLYCEROL STOCK 

Carnobacterium divergens M35 

2l 10m l Flask (Gl l 
STYA medium 

+ I TESTING (Pl) 

Gram stain -
30"C for 18h Bacteriocin and strain 

quantification 

3) 500ml Flask (G2) 

STYAmedium Note: All t heses 
production steps are♦ 
done in accordance3o•c for 18h 
with current GMP 

i 
4) 4L Flask (G3) 

STYA medium .-10-15% maltodextrin 

TESTING (Pl) 

Gram stain -

3o·c for 18h Bacteriocin and strain 
quantification.. 

111:~•li1H1J~~r -
!>) 120L Fermentor (Fl) 

MEDIUM PREPARATION: 

STYA medium .-10-15% maltodextrin 

MEDIUM STERILIZATION 

i TESTING (P2) 

121·c for 20 minutes Gram stain 

.. 
'7! 120l Fermentor 

~ 

ADDING INOCULUM* (2,So/ov/v) 

pH control 

NH4OH lOM addition to maintain pH 

t I TESTING (Pl) 

i 

Gram stain -

30'C for 12h ► Bacteriocin and strain 
quantification 

1) Harvest 
4•c Page j 8 



Protocol Overview - Downstream Process 

7) Harv~t 
4•cf l 

\!) 
8) SPRAY-DRYING OR 8) FREEZE-DRYING 

~ Inlet temp: between 180 
>-er:: 
a and u o·c 48h 

TESTING (Pl) 

•• Gram stain -
4'C Bacterioci n and strain 

quantification 

,. 
9) VACUUM-SEAL 

FillSOOg bag 

4MIL NYLON/PE·EVOH-PE 

l 
► contaminant absence 

\!)
:z 
G 
~ 
u 
<( 
0.. 

10) SHIPPING 

Ship to Fumoir Grizzly 

Protocol Outline - Medium recipes 

Bio-ingredient composition 

STYA - All fermentation steps 

Yeast extract 

Table sugar 

Sodium acetate 

Polysorbate 80 

Every preparations {G1-G2-G3-F1) are 

sterilized at 121 •c durina 20min 

Note: All ingredients are food 

grade and their quality certificates 

are kept for each lot to maintain 

the traceability of these 

ingredients 

Bio-ingredient f inal composition 

Fermented STYA 

10-15% maltodextrin 

Carnobacterium divergens M35 

9,71og(CFU/g} 

Divergicin M35 

Bacteriocin produced by C. divergens M35 

l,6xl06AU/g 

Trace amount ofothers metabolites and fermentative 

acids 
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Protocol Outline• Analytical and QC 

TESTING {Pl) 

• Gram stain: Validation of cu lture purity 

• Bacteriocin quantification: Quantification of the anti-Listeria 
bacteriocins produced exclusively by C.divergens M35 

• Strain quantification: Quantification of the pure strain (C. 
divergens M35) 

• Gram stain: Medium sterilization validation 

TESTING (P3) 

. Validation of microbial contaminant absence 

• Testing done by an accredited and independent laboratory: 

See Table 1 for details on 
methods 

Protocol Outline. Abbreviations 

Abbreviations 
STVA: name of the culture medium (see medium composition) 

PE: Polyethylene 
EVOH: Ethylene vinyl alcohol 
CFU: colony forming unit 

AU:Arbitrary unit used to quantify the anti-Listeria activity by 
microtitration 

2.2.6 The physical state of the microorganism 
The microorganism is sold as a fine orange/yellow powder of lyophilized (or spray-dried) fermentation 
culture. 

2.2.7 Concentration and viability of the microorganism in the formulation 
The microorganism is produced to a concentration of 8Log to 9Log viable cells per gram of powder. 

2.2.8 Identif ication and concentration of other ingredients and of any contaminants in the 
formulation 
The formulation contains only culture media ingredients (Sodium acetate· (Sg/L), Dextrose - (Sg/L), Yeast 
extract - (43g/L), Polysorbate 80 - (lg/L), Maltodextrin - (150g/L), cells from the fermentation and the 
bacteriocin produced from this fermentation. The product is regularly analyzed for pathogens and heavy 
metals (see Table 1). 
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2.2.9 Description of any recommended storage and disposal procedures 
The product should be stored at 4°C or-20°C for up to one years. The product can be disposed of in waste 
waters. 

2.3 Specificat ions of food grade material 

Every material and ingredient used for the manufacture of BaM35 is certified food grade. Certificates of 
the ingredients are present in Part 7. Table 1 resumes the testing done to each batch produced to monitor 
the microbiological contaminants and the presence of heavy metals. 

Seed and resistance induction steps: All these steps are carried out in glass falcons (Borosilicate) 
which are washed beforehand before adding the culture medium and sterilized in an autoclave 
(121°C for lSmin) before inoculation of the strain. All the fermentation residues or remainders 
are then sterilized in a decontamination cycle (121 •c for 45min) before being cleaned/ reused. 

Growth and production steps: These two stages are carried out in one and the same fermenter 
which has been previously washed (CIP} and sterilized (SIP) before filling it with culture medium. 
This fermenter is of pharmaceutical grade (SS316) and allows the control of temperature, 
agitation, pH, as well as the monitoring of these data. The system also allows aseptic transfer to 
polypropylene transfer containers. 

Drying step: The drying step can be done by freeze-drying or by spray-drying depending on the 
availability of the equipment. In the case of lyophilization, the culture medium is placed on 55316 
drying trays and dried for 48 hours in order to obtain dry crystals of product in a food grade freeze 
dryer. In the case of atomization, the liquid product is poured into a transfer tank in 55316. The 
spray dryer pumps the medium and atomizes it into a drying tank. The product dries instantly in 
a powder form and is recovered by a cyclone in a holding tank. 

Packaging step: The dried product is then packed in plastic bags under vacuum impermeable to 
oxygen. Generally, the product is portioned per 500g packet and vacuum packed in a vacuum bell. 

Table 1. Methods for microbiological testing and monitoring the presence of heavy metals and 
contaminants. 

Method Specification Limits 

MFHPB-18 Aerobic Bacteria Count l0Log 

MFHB-22 Yeast and Moulds <20cfu/g 

MFHPB-21 Staphylococcus aureus <25 cfu/g 

MFLP-09 Enterobacteria <10 cfu/g 

MFLP-06 Salmonella spp. Absent in 25g 

MFHPB-72 Listeria monocytogenes Absent in 25g 
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MFHPB-73 Escherichia coli O157:H7 Absent in 25g 

SOP MET-101-6102F Mercury Analysis MA. 200 Hg 1.1 <0.2 

SOP FC-102-1501F Arsenic (Food) AOAC MET-101- <0.1 
6107F 

SOP FC-102-1512F Cadmium (Food) AOAC MET- <0.1 
101-6107F 

SOP FC-102-1512F Lead (Food) AOAC MET-101- <0.1 
6107F 

2.3 l Description of the location of manufacturing facilities in Canada 

The first stages of preculture takes place at the lnnodal microbiological laboratory (201 Mgr-Bourget, Levis 
(QC) G6V6Z3). lnnodal also has a license (L-R2-80312-18-KC-00) for its biosafety level 2 laboratory. This 

laboratory possesses all the equipment required for these steps, but also to perform all types of 

manipulations typical of classical microbiology. Product efficacy tests are carried out in this laboratory. 
The team there is composed of microbiologists and laboratory technicians. All access is controlled with 

key-cards, registry of entry, security cameras and security guards. 

lnnodal performs the final fermentation step, drying and packaging of the product at Saint-Hyacinthe 

Research and Development Center (AAC). This is a pilot-sized plant allowing fermentation productions 

of 100-300L and it has all the equipment required to dry the product, as well as its packaging. These are 

food grade installations and equipment that are frequently inspected by the MAPAQ. The equipment is 
therefore rented and operated by the lnnodal team. The maintenance and cleaning of the equipment are 

carried out by the AAFC technical team according to standardized protocols. https://profils­

profiles.science.gc.ca/en/research-centre/saint-hyacinthe-research-and-development-centre, consulted 
January 10th, 2022) 

2.4 Safety, relevant data and information bearing on the physical or technical effect 

2.4.1 Safety of the strain and relevant data 

2.4.1.1 Life cycle 
As mentioned previously, Carnobacterium divergens M35 is non-motile gram-positive rod, non-spore 
forming, growing in short chains, catalase and oxidase negative. It produces only L-lactic acid and very 

little gas. Growth happens at s•c but not at 45°C with an optimal growth temperature of 30°C, it is 
facultatively anaerobic and it can tolerate high amounts of salts. It can metabolize arginine at a glucose 

concentration of0.5% (8). On TSA media supplemented with 0.6% ofYeast Extract or MRS agar, after 48h 

of incubation at 30°C, the colonies have a round shape, white opaque color, shiny texture and small size 

(1-2 mm). 
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The genus Carnobacterium is composed of 9 species (divergens, alterfunditum, funditum, gallinarum, 
inhibens, maltoramaticum, mobile, pleistocenium, viridans) of which the species divergens is the type 

species of the genus. The genus is classified within the Lactic acid bacteria group and is generally found 

on food of animal origin and living fish, but also in Antarctic ice lakes, permafrost ice, Canadian w int er soil 

and compost (9, 10). It seems to be ubiquitous to cold/temperate soi l and water. Carnobacterium 
divergens has also been isolated from dairy products (10). 

Bacteria from the Carnobacterium genus are psychrotolerant and can survive freeze-thaw cycles (8). They 

are indeed well adapted to cold temperatures due to cold adapted enzymes such as the 13-galactosidase 

from C maltoramaticum and alanine dehydrogenase in Canobacterium sp. (11, 12). They are able to 

survive in awide range ofenvironment because they can metabolise manydifferent carbohydrate sources 

(8, 10) and can survive high pressure treat ment and a wide pH variation (10). Not many studies have been 

done to understand the underlying mechanisms of its surviva l adaptation, but the sequencing of t he 

genomes of some isolate showed a bigger genome size compared to other LABs. This suggests the 

presence of unknown genes that could contribute to its tolerance to harsh environments (10). 

As the species divergens has been isolated from the gastrointestinal track of live fish, it can also adapt to 

seafood since C. divergens M35 has been isolated on commercial frozen smoked mussels in Gaspe, Qc, 

Canada (1). Also, C. divergens, has been isolated very often and is found is many ecological niches 

(vaccumed-paked meat, intestine of live fish, sphagnum pond and alpine permafrost) (10). 

Carnobacterium divergens M35 needs a rich culture media t o grow, the high protein content requirement 

suggests that this strain is more adapted to a food ecological niche {meat product or intestine) than ice 

lakes and permafrost (10, 13). As seen by the growth curve (figure 6), C. divergens M35 has a lag phase of 

5 hours and an exponential phase of 5 hours in MRS broth when cultured at 30°C with an inoculum of 

0.1% (13). 

0,5 

0,4 

0 

15 20 

Temps (h) 
-0.1 

Figure 6 . Growth curve of Carnobacterium divergens M35 in MRS broth at 30°Cwith an inoculum of 

0.1% (13). 

2.4.1.2 lnfectivity, pathogenicity to non-human species and toxicity. 

A Published cases of bacteremia 
Only two cases of bacteremia from Carnobacterium divergens has been reported in a woman and a 

male (14, 15). It is important to notice that the woman affected by that bacterium was previously very ill 
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from diabetes and exterior factors, such as severe undernutrition and chronic alcoholism that are known 
to weaken the body. It is also suspected that the bacteremia was caused by a contamination of the feeding 

tube or the solution given to the woman by enteral feeding and not by direct consumption. During enteral 

feeding, the stomach is usually bypassed, and the bacteria is not exposed to digestive fluids. In this case, 

the strain was directly in contact, in a very high concentration with the weaken intestine of a very ill 
woman, so we believe the infection was a very rare case of opportunistic infection, as it is the case for the 

male patient. 

In this case, a 65 years-old male previously operated for a lymphoma removal surgery was admitted to 

the hospital due to a fever. Later, a blood culture uncovered the presence of Comobacterium divergens 

and the presumed cause of the infection was thought to be the operation (15). So far other infections of 

other members of the Camobocterium gender are very rare are always thought to be opportunistic from 
a cut or other contact with water of food (see table 2). People with systemic infections are always 

associated with risk factors that can make them susceptible to opportunistic infections and it is very 
important to note that the infection can be cured with a course of antibiotics without any known 

resistance. Finally, Carnobacterium divergens is naturally found in dairy products, meat and fish and no 

other case has been reported in the literature. Also, its approval and consumption in Canada since June 
7tn,2016 has not caused an increase of infection or any new reported case (notice number NOP/AVP-
0018). 

Table 2. Literature review of human infections with Carnobacterium spp. isolated in cultures. 

Case Age/ Country Possible risk Type of Iso late Presentation Treatment Outcome 
Sex factors culture/ 

body Site 

Amputatioo, Cured 35/ Czech None Wound Mixed flnr,1 Trau111a1ic ndffomwdb'f 
M Rcpublir swab of with C. pllckolu sawmill debndement 

abscess Abx 

l l.i/F China None Wound Mixed flora Traumatic hdnd with pool water Amputation, <..urcd 
swab of With exposure debndement; 
ganqren,~ Carnobacterium 1PM 

spp. 

3 43/ Austri,1 Exten~ive hx of ½ blond C mobile or C Sepsis SU5pectcd from GI source CRO/AMP ➔ Cured 
handling and culture funditum MXf 
consuming fish sets 

4 57/r France DM; EtOH TPN; 4 blood C divergens Septic shock post cardiac arrest; B1oad Cured 
post cardiac arrest culture esophagcctomy for nccroti21nq spectru111 Abx 

sets esophagitis on TPN/EN ➔ AMX 

5 65/ South Cancer; ½ blood C divefgens Febrile neutropenia with oral TZPNAN Cured 
Korea neutropenia on culture mucositis on TPN 

etoposide sets 

(j 81/ Canadd Cancer; chronic 'Ii blood C inhibens Seps1~ with mwftifoc.11 pna CRO/VAN ➔ Cured 
M steroid use culture AMC 

sets 

Table from Prameet et al. (16) 
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B. Virulence factors 
There is no thorough research on possible virulence factors of C. divergens but assessment of the 
hemolytic activity was done for isolate M35 (Table 3). The method described by Giraffa et al. was used to 
evaluate the hemolytic activity of C. divergens M35 compared to P. acidilactici PACl.0 commercially used 

in the food industry (Quest) (17). C. divergens (30°() and P. acidilactici (35°C) were incubated 

simultaneously under aerobic or anaerobic conditions for 24 hours in different media containing 

defibrinated sheep blood. Zones of alpha or beta hemolysis were noted. Based on the growth obtained, 
the plates were incubated again under the same conditions. Neither C. divergens M35 nor P. acidilactici 

showed hemolyt ic activity, under aerobic or anaerobic conditions on TSA or MRS7 agar. 

Table 3. Hemolytic capability of the tested strains. 
Strain ·c Medium Hemolysis 
C. divergens 30 TSA + defibrinated sheep blood 

Idem, anaerobic conditions 
MRS7 + defibrinated sheep blood 
Idem, anaerobic conditions 

None 
None 

* 
* 

P. acidilactici 35 TSA + defibrinated sheep blood 
Idem, anaerobic conditions 
MRS7 + defibrinated sheep blood 
Idem, anaerobic conditions 

None 
None 

* 
* 

*This medium was greenish colored at the start and likely of sub-standard quality 

The genus is mostly associated to food spoilage bacteria, but it is mentioned that Carnobacterium 

maltaromaticum can be a fish pathogen in some cases (10, 18). In opportunistic cases of infection in 

stressed fish, only the species maltaromaticum has been reported (10, 19, 20). C. divergens has not been 
reported as a fish pathogen nor has been reported as pathogenic to any other organism. It has been 
isolated often from a variety of healthy fishes like salmon, Artie charr, wolffish, Atlantic cod and rainbow 
trout (10, 21}. In some cases, C. divergens has even been studied as a fish probiotic bacteria for the control 

of infections from other bacteria like Vibrio spp., Aeromonas salmonicida and Pseudomonas fluorescens 

(22- 24). 

C. Biogenic amine production (toxicity) 
The analysis of biogenic amines in food (fishes, cheeses, and vegetables) is a current method to determine 
matrix degradation in the food industry and possible metabolism that cou ld be toxic for humans. The 

decomposition process produces characteristic compounds frequently associated with bacterial 
microflora. This explains why the production of biogenic amines should be quantified after the application 

of Carnobacterium divergens M35 on food. This ensures that the bacteria do not accelerate the 
decomposition process or produce any harmful component. This was always performed by the external 

technology transfer center TransBIOTech. The method was developed by Maxim Maheux (Head of 

Chemistry and Biochemistry Sector) and always analyzed by a member of the chemistry department 

registered in the Ordre des Chimistes du Quebec (Chemistry Order of Quebec) . 
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Table 4: Level of toxicity ofsome biogenic amines in food. 
Molecule Maximale concentration 

Histamine 
(µg/g or ppm) 

100 
Putrescine 2000 
Tyramine 

Cadaverine 
2000 
2000 

Spermine 
Spermidine 

600 
600 

First, the product ion of biogenic amines in smoked salmon and in fresh tuna to which C. divergens M35 
was added, was examined weekly. The quantification of eight amines, methylamine, tryptamine, 

putrescine, spermidine, spermine, tyramine, histamine, and cadaverine, was carried out using the method 

of Valle et al. (1997) (25). 

Table 5. Biogenic amine production (µg/g) in slices of cold•smoked Coho salmon (S g) with and without 
the presence of C. divergens M35. 

Strain Day Amine 
MET TRP PUT SPM SPD TYR HIS CAD 

Control 1 5.94 i 59.41 1.98 3.96 3.96 ND ND ND 
8 7.94 59.52 1.98 3.97 ND ND ND ND 
16 
22 

9.77 
5.94 

ND 
ND 

1.95 
1.98 

3.91-
5.94 

1.95 -
1.98 

ND 
ND 

ND 
ND 

ND 
ND 

28 5.98 ND 1.99 3.98 ND ND ND ND 
M35 1 5.93 27.67 1.98 3.95 1.98 ND ND ND 

8 7.98 31.94 2.00 3.99 ND ND ND ND 
16 7.84 21.57 ND 3.92 ND 62.75 ND ND 
22 7.84 15.69 1.96 3.92 1.96 74.51 ND ND 
28 15.24 13.33 3.81 3.81 1.90 80.00 ND ND 

Methylamine (MET), tryptamine (TRP), putrescine {PUT), spermine (5PM), spermidine {SPD), 
tyramine (TYR), histamine (HIS), cadaverine (CAD) 
ND = not detect 

The analysis for smoked salmon revealed that C. divergens M35 did not produce significant quantities of 

any of these substances compared to non•inoculated salmon, except for tyramine and tryptamine after 

16 and 28 days of storage respectively, which is passed its consumption date of 14 days (Table 5). The 

tryptamine concentrations are also very low compared to those produced by other species of 

Carnobacterium in salmon (up to 4000 µg/g). Furthermore, this concentration is considered below the 

current toxic limit of 2000 ppm. It should be noted that C. divergens M35 does not produce the toxic 

amine histamine. 

For fresh tuna, the results of the biogenic amines analysis are present in table 6. After 14 days ofexposure 
to the bio•ingredient, the concentration of biogenic amines is very low or below the limit of detection. 

The only amines detected were cadaverine and tyramine between 327 µg/g to 378 µg/g for cadaverine 
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and 69 µg/g to 83 µg/g for tyramine, but as for smoked salmon this is passed the recommended 

consumption date for tuna, that is 48h after thawing. The maximal amount considered toxic in seafood 

and fish for those biog_enic amines is 2000 µg/g for cadaverine and tyramine {26, 27). Therefore, the 

amount present on fresh tuna is not considered harmful or toxic for health. It is also noticeable that the 
addition of BacM35 did not increase the number of biogenic amines produces compared to the non­

inoculated sample (batch 1) for any concentration of use tested (batch 2 to 4) and thus, the process of 

biodegradation is not accelerated by the ingredient. 

Table 6. Biogenic amine production (ug/g) in fresh tuna (Sg) with and without the presence ofC. divergens 

M3S at three different concentration of use (104, 105 and 106 CFU of BacM3S/g of fresh tuna) after 14 

days. 

Amine Methylamine

(µg/g) 

 Tryptamine 

(µg/g) 

Putrescine 

(µg/g) 

Cadaverine 

(nl/g) 

Histamine 

(µg/g) 

Tyramine 

(µg/g) 

Spermidine 

(µg/g) 
Spermine 

(µg/g) 

Batch 1 

(Control) 

<5 ug/g < 20 ug/g < 20 ug/g 357 ± 26.3 < 10 ug/g 79 ± 7.0 < 30 ug/g < 100 ug/g 

Batch 2 

(104 

CFU/g) 

< 5 ug/g < 20 ug/g < 20 ug/g 327 ± 11.4 < 10 ug/g 69 ±2.2 < 30 ug/g < 100 ug/g 

Batch 3 

(105 

CFU/g) 

< 5 ug/g < 20 ug/g < 20 ug/g 378 ± 13.8 < 10 ug/g 83 ±3.2 < 30 ug/g < 100 ug/g 

Batch 4 

{106 

CFU/g) 

< 5 ug/g < 20 ug/g < 20 ug/g 334 ± 21.0 < 10 ug/g 76 ±4.1 < 30 ug/g < 100 ug/g 

Biogenic amine was measured because there are some concerns about the use of Carnobacterium 

divergens as a bio-preservative in food. First, C. divergens and C. ma/taromaticum can produce tyramine 
which is known to affect blood pressure and therefore causes migraines in sensitive individuals with 

decreased monoamine oxidase activity (10, 28). In this case, the concentration of tyramine obtained at 
day 0 for cold-smoked salmon inoculated with Carnobacterium divergens M35 was non detected, like the 

control. For day 16, cold-smoked salmon yielded a concentration of 63 µg/g. According to the Dietary 

Guideline for Americans (2020-2025} chapter 4, page 96, adults should consume a weekly amount of 8 to 

10 ounces of fish/seafood, which is equivalent to about 225 to 285 grams of salmon 

(https://www.dietaryguidelines.gov/, consulted January 10th
, 2022}. So, the maximum amount of 

tyramine consumed with 285g of salmon at day 16 would be of 17.9 mg total, which is equivalent to 63 

mg/kg of salmon. For tuna at day 14, it is 21.6 mg total, for an amount of 76 mg/kg of tuna. 

Even with the addition of the bio-ingredient, the concentration of tyramine detected is still very low in 

contrast to some species of Carnobacterium and below the threshold value to trigger a vasoactive effect 

(100-800 mg/kg of food) (29). Those results are in accordance with another strain of Carnobacterium 

divergens, strain V41, who possesses similar characteristics (30). This strain produces about 34 µg/ml of 

tyramine and 43 µg/ml of cadaverine after 27 days (results obtained from different growth conditions} 

which is similar to the strain M35 at day 0 (31) . This proves that even though some Carnobacterium have 
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a high tyrosine decarboxylase activity (32- 34) and can produce high amounts of tyramine, some stra ins 

have a low activity and are perfect candidates for bio-preservatives. 

Second, the conditions in which Carnobacterium divergens grows influences the biogenic amine 

production, especially tyramine (32). Masson et al. (1997) showed that tyramine production was greatly 

decreased (up to a 100-fold) at s•c, initial pH of 6, no glucose and 10% NaCl or more (32). Considering the 

nutrition facts of cold smoked salmon of Fumoir Grizzly (for the absence of glucose (sugar) and an amount 

of 23% of salts (NaCl), the initial pH from 5.1 to 6 {Fumoir Grizzly, personal communication) and that the 

product should be kept frozen or at 4°C, Carnobacterium divergens M35 is in the ideal environment to 

have a very low tyramine production activity. Finally, no other biogenic amine, including histidine, which 

can cause allergy-like symptoms, was detected above the limit of the method and therefore we can assess 

that the strain M35 used as a bio preservative does not have any toxicity or allergenic potential. The total 

volatile base nitrogen (TVBN) production was also quantified and the difference between the control and 

the addition of C. divergens M35 was not significant (p<0,05) (6). 

Finally, there is no known toxicant or harmful metabolite known in the literature that is or could be 

produced by Carnobacterium divergens strain and target humans. 

Colt<> '5!t 
Valeur nutritive 
Nutrition Facts 
pout I embal'!age (85 g) 

Fer 1 P3d<a!ri119 (85 91 
TtMYf ,_..~q~,..,.11y_-eatorle91 CIIIOllas 150 

U(:ldH / Fa\ 9 Q 14,,. 
1181Uf6s I Saturated 1,5 g a•.-o• lrons/TlllJIS 0,1 !I 
PoMnselurflf P~nsalutafed 3,5!! 

O!!!!i!·6 ! Om!!i!•-6 1 ,5 11 
Offl!Q!:31Om!!ljm-32 S 

monoinsallrnls / Monoonsaturaled 3 i 
Cholestlmll I CholH1111rol 40 !!!!! 
Socllum/ Sodium 5-40 mg 23% 
Oluddl11Carbo~lll 1 II 1% 

Fib<ff / Fibre og O'l'o 
Suc:res IS~0 fi 

P1otalnH I Protain 17 g 

Vrtamine AI Vlll/nin A 2% 
\lllamlne C( Vitamin C 0 % 
C&lcium t Calclt.m 2% 
Fer/ !ron 

0 "· 

Figure 7. Nutrition facts for 85g of cold-smoked coho salmon f Fumoir Grizzly sold in grocery stores 
(provided by Fumoir Grizzly). 

2.4 2 4 Resistance to antibiotics and tolerance to metals and pesticides 
The antibiotic resistance of C. divergens M35 was evaluated simultaneously with a well-known strain of 

lactic acid bacteria used routinely in the food industry, Pediococcus acidilactici PAC 1.0 (commercial strain, 

Quest). An agar diffusion method based on the inhibition zone diameter around paper discs impregnated 

with antibiotic was used with a variety of culture media, including Mueller-Hinton medium enriched with 

2- 5 % lysed horse blood. Plates were incubated aerobically according to CLSI M-45A specifications (2006 

and 2009) as is carried out routinely for testing candidates belonging to other genera of lactic acid bacteria 
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such as Lactobacilfus and Pediococcus. The tested strains were first grown by surface inoculation. A 

suspension of bacterial cells was prepared in 5 ml of physiological saline solution (0.85 %) to obtain a 

McFarland density of 0.5 (0.08 - 0.13 DO625 nm). The suspension was inoculated on the surface of the 

Petri dish by streaking with a sterile cotton swab. The suspension was allowed to adsorb to the agar for 

3-5 minutes and antibiotic discs (five per plate) were placed on the agar surface. The plates were 

incubated in the inverted position at 30 °C for Carnobacterium divergens M35 and 35 °C for Pediococcus 

acidilactici PA 1.0 during 20-24 hours. 

Based on the presence of inhibition zones around the discs, C. divergens M35 appears to be sensitive to 

11 of the 12 antibiotics tested, under almost all culture conditions tested (Table 7 and 8). Under some 

conditions, streptomycin did not produce a zone of inhibition, although it did produce a zone 13 mm in 

diameter under test conditions recommended by the CLSI. 

Charteris et al. (2001) have proposed inhibition zone criteria that might be applicable to interpret the 

response to some of the antibiotics tested here (35}. Based on these criteria, C. divergens M35 appears to 

be sensitive to all tested antibiotics except streptomycin. We note with interest 

that P. acidilactici appeared to be resistant to methicillin and vancomycin and somewhat resistant to 

gentamycin {Table 7). 

Table 7. Inhibition zones (in mm} of C. divergens M35 on various agar media in the presence of different 

antibiotics. 

Antibiotic µg 
per 
disc 

Medium, hours of incubation 
MH, 
24 

MRS7, 
24 

MRS7, 
48 

MRS7, 
blood, 
24 

MRS7, 
blood, 
24,an 

MH, 
blood, 
96* 

MH, 
blood, 
96*,an 

TSAYE, 
24 

Ampicillin 10 25.5 28.3 27.9 25.2 27.4 31.0 36.3 26.5 

Chloramphenicol 30 28.0 28.7 26.3 28.6 28.0 24.0 23.4 29.0 

Ciprofloxacin 5 27.0 23.5 24.6 23.8 23.2 29.8. 31.5 28.0 

Erythromycin 15 30.3 30.4 31.0 33.5 32.0 32.8 34.0 31.7 

Gentamycin 10 18.1 9.7 8.9 20.3 19.7 25.0 29.0 13.4 

Methicillin 5 0 10.4 9.1 12.3 13.5 19.2 21.0 11.2 

Nitrofurantoin 300 19.0 25.0 23.5 25.8 26.0 24.2 21.0 

Penicillin G 10 20.0 24.1 21.1 24.1 26.6 30.5 38.7 24.8 
IU 

Rifampicin 30 34.7 25.9 31.0 37.1 39.6 36.5 38.2 

Streptomycin 10 0 0 0 9.1 8.7 11.0 11.0 0 

Tetracycline 30 33.0 33.9 34.0 33.7 36.0 30.5 29.4 33.3 

Vancomycin 5 21.3 18.4 19.5 17.2 17.4 21.8 23.0 20.1 

Vancomycin 30 24.9 22.4 24.9 21.4 23.0 25.9 28.8 26.3 

an- incubated anaerobically; * Poor growth, not visible until 96 h 
MH - Mueller-Hinton agar; MRS7 - Mann-Rogosa-Sharpe agar with pH 7; TSAYE - Tryptic soy agar plus 

yeast extract 
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Table 8. Zones of inhibition (in mm) of P. acidilactici on various agar media in the presence of different 
antibiotics. 

Antibiotic µg 
per 
disc 

MH, 
24 

MRS7, 
24 

MRS7, 
blood, 
24 

MRS7, 
blood, 
24,an 

MH 
cation 
adj.+ 
blood, 
48* 

MH, 
cation 
adj.+ 
blood 
48*,an 

TSAYE, 
24* 

Ampicillin 10 27.0 20.8 20.5 20.4 27.0 28.4 23.4 
Chlo_ramphenicol 30 35.0 27.0 31.2 32.8 38.0 33.0 31.4 
Ciprofloxacin 5 10.0 0 0 Halo 9.0 9.0 10.6 
Erythr«?mycin 15 44.7 33.7 33.2 34.1 45.0 42.0 34.6 
Gentamycin 10 25.0 11.9 12.6 12.3 34.0 24.0 14.3 
Methicillin 5 0 0 0 0 0 0 0 
Nitrofurantoin 300 20.0 25.0* 29.1** 27.4** 25.0 20.0 16.0** 
Penicillin G 10 33.0 29.3 28.3 28.0 40.0 33.0 27.8 

IU 

Rifampidn 30 40.0 29.0 33.2 34.2 40.5 39.0 33.7 
Streptom_yci~ 10 12.0 0 0 0 13.0 9.0 0 
Tetr~cyclin_e _ 30 25.0 23.5 21.0 22.0 21.0 22.0 19.6 

yancory,y~in 5 0 0 0 0 0 0 0 

y~,:,c~mv~_i!'! _ _ . 30 0 0 0 ~ 0 0 0 
an - incubated anaerobically; *Poor growth, not visible until 96 h 
MH - Mueller-Hinton agar; MRS7 - Mann-Rogosa-Sharpe agar with pH 7; TSAYE - Tryptic soy agar plus 
yeast extract 

The results are consistent with those obtained by Brillet for the sensitivity of C. divergens strain V41, 

which was found sensitive to ampicillin, chloramphenicol, tetracycline, erythromycin, spiramycin, 

vancomycin, trimethoprim and rifampicin, but sensitive to cefalotin and norfloxacin, and intrinsically 

resistant to cefotaxime, streptomycin, gentamycin, kanamycin, colistin and nalidixic acid. Based on these 

results, Brillet concluded that strain V41 does not represent any risk in foods (36). 

Table 9. Antibiotic resistance of C. divergens M35 - Interpretation of the results 

-
Antibiotic 

• · 

(µ~ in the disc) 
Suggested criteria 

(zone in mm) 
Inhibition zone 
diame~~r (mm) 

Interpretation 
of result 

R I s 
Penicillin G (10) <19 20-27 >28 31 s 
Ampi~illin (1~) ... <12 13-15 >16 31 s
Vancomycin (30) <14 15-16 >17 36 s 
Rifampic_in (S_) _ <14 15-17 >18 37 s 
Metronidazole (5) <14 15-17 >18 Not determined 
Gentamycin {10) <12 >13 25 s 
Streptomycin (10) <11 12-14 >15 11 R 

Tetracycline (30) <14 15-18 >19 31 s 
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Chloramphenicol <13 14-17 >18 24 s 
(30) 
Erythromycin (15) <13 14-17 >18 33 s 

The sensitivity of four strains of Carnobacterium (C. divergens V41, C. piscicola Vl, C. piscicola SF668, and 

C. piscicola NCDO2762) to antibiotics was also established (37). Resistance to vefalotin, cefoxitin, 

moxalactam, cefuroxime, aztreonam, cefotaxime, ceftazidime, cefepime, cepirom, mecillinam, 
clindamycin, nalidixic acid, colistin, fosfomycin was observed, as was weak resistance to kanamycin, 

gentamycin, netilmicin, streptomycin, tobramycin, and amikacin. However, these strains were sensitive 

to amoxicillin, ticarcillin, piperacillin, 1m1penem, erythromycin, pristinamycin, ciprofloxacin, 

chloramphenicol, tetracycline, minocycline, vancomycin, teicoplanin, and rifampicin. These authors 
mentioned that resistance to cephalosporin, clindamycin, nalidixic acid, fosfomycin, and aminoglycosides 

is intrinsic (non-acquired) and non-transmissible via plasmids. Ringo et al. (2002) found C. divergens strain 

CCUG 30094 to be sensitive to each of 20 antibiotics tested, with the exception ofdeferoxamine (38). We 

note with interest that the preferred treatment against listeriosis uses a combination of gentamycin and 

ampicillin, two antibiotics to which C. divergens is sensitive, making it unable to transfer the resistance to 
cells of the genus Listeria (39). 

There is little to no data as to weather or not Carnobacterium divergens is sensitive to pesticides or not. 
One article detected Carnobacterium spp. using sequencing from deltamethrin-resistance, deltamethrin­

sensitive and field-caught diamondback moth, but no data has been performed to measure the sensitivity 
of different Carnobacterium species to various pesticides (40). Since Carnobacteria are mainly found in 

water and on food, we hypothesize that the strain would not be tolerant to pesticides are it would not 
normally be exposed to those substances. 

As for heavy metals, it is known that some LABs are able to bioaccumulate some of the metals found in 

the environment and they can tolerate the presence of those metals (41). It was shown that C. piscicola 

was resistant to nickel and cobalt, but sensitive to cadmium in a bivariate culture model (42). It was also 

demonstrated that a strain of C. divergens has high removal capabilities of lead (Pb) and cadmium in 

culture conditions, thus showing a great bioremediation purpose for the species (43). There is no study 
specific to the strain M35, but it is hypothesized from the literature that it would tolerate and could even 

remove some heavy metals in the environment. 

2.4.2.5 Genetic basis for pathogenicity to non-human species, toxigenicity and resistonce to antib10tics 
The species divergens is not a pathogen for human or non-human species. The genome of C. divergens 

strains is not very big (~2.7 Mpb). Some genome of the genus Carnobactrium (including the species 
divergens, but not strain M35) have been annotated using the Microscope platform to automatically 

annotate the genes and perform a comparative analysis and a secretome prediction of the strains (44). 
This secretome showed that species maltaromaticum and divergens contained more genes encoding for 

carbohydrate transport, metabolism and peptidoglycan associated proteins, which could explain their 

implantation in animal based ecological niches compa·red to other strains of the same genus. 

Those extract genes confer them an evolutive advantage, but no clear pathogenicity, toxigenicity or 
supplementary resistance to antibiotics. 
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2.4.2 6 Capability la transfer genes 
It has been found that some strains of C. divergens have CRISPR systems (45). Those systems can act as a 

database of past infection from exogenous DNA and that the genome can limit its expansion thought the 
destruction of this DNA (46). The presence of those systems in C. divergens shows that invading DNA can 

be destroyed and therefore the genome won't be likely to acquire new genes by horizontal gene transfer. 

There is no data on the literature concerning the ability of Carnobacterium divergens to transfer genes 
horizontally, by putative prophages or any other mechanisms. This species is not known to be naturally 

competent either. So, there is no risk that the wild-type strain would mutate and carry or express harmful 

or toxin genes. 

2 4.2 7 Conditions that might selectfor dispersal of traits ofpathogenicity to non-human species 
tox1genicity and resistance to antibiotics 
There are no specific conditions that might select for dispersal or traits of pathogenicity, toxigenicity or 

resistance to antibiotics. The species is not known or studied for its competence to transfer genes or is 
known to have any virulent genes considered as a hazard to be transferred to other pathogens. 

2.4 2.8 Involvement in biogeochemical cycling 
Carnobacterium divergens is found vey often in food of animal origin (meat, fish and dairy products), in 

water and soil (9, 10, 45). It is not a key member in any major biogeochemical cycle (carbon, nitrogen or 
sulpur). It main purpose is a food spoiler (for some strains) or a member of fish microbiota and even 

human gut microbiota (45). As a potential food spoiler, C. divergens or any other potential lactic acid 

bacteria on food could produce biogenic amines, thus playing a small roll in the degradation of amine and 

the avaibility of nitrogen. It was shown experimentally that on salmon, the addition of strain M35 did not 
increase the amount of biogenic amines already produced by the natural microflora. So the strain M35 

has no big proteolytic activity and could not play a major role in biogeochemical cycles. 

To a lesser extend, homologs of multidomain proteins were predicted as 

nucleotidases/metallophosphatases in Carnobacterium divergens. Those putative proteins catalyze 
dephosphorylation of exogenous adenine 5'-nucleotides to adenosine and phosphate and provide key 

function of phosphorous in aquatic ecosystems (45). 

2.4.2.9 Geographic distribution of the microorganism 
Camobacterium sp. is ubiquitous to the environment, but mostly found in water and food. As for C. 

divergens itself, this strain is mostly found in food and on meat product, because it naturally colonizes 

various food (44, 47, 48). There is no global geographic distribution of the microorganism, but the 

following figure represents the relative abundance of C. divergens compared to other Carnobacteria in 

different ecological niches. 
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Figure 8. Relative abundance of each Carnobacterium species obtained from 165 metagenomic analyses 
of 681 samples originating from food, organs, feces, and environment. One asterisk indicates significant 

difference (P < 0.0001) compared to all other Carnobacterium sp, two asterisks indicate significant 
difference (P < 0.01) compared to C. iners, C. inhibens, C. jeotgali, C. mobile, and C. viridans. Three 
asterisks indicate significant difference {P < 0.0001) compared to all Cornobocterium sp. except C. 

ma/taromaticum (44). 

2.4 ?.10 The potP.ntia/for adversP. immunologic reactions in persons exposed to the microorganism 
Another Carnobacterium strain, C. ma/taromaticum CBl, was also recognized as GRAS (GRN No. 30S) by 
the U.S. Food and Drug Administration for the use as viable or heat-treated up to 1 x 109 CFU/day for 

preservation of ready-to-eat meat products, meat, poultry and fish products, frozen meals, processed fruit 

salads and vegetable salads, sauces, and soft cheese and cheese spread-type products. 

(http://www.accessdata.fda.gov/scripts/fdcc/?set=GRASNotices&id=305, consulted January 7th
, 2022) 

Health Canada has approved the use of viable cells, pasteurized non-viable cells and the metabolites 
(bacteriocins) of C. maltaromaticum CBl as a microbiological preparation in certain ready-to-eat (RTE) 

meat/poultry products as an intervention against human pathogenic microorganisms, such as Listeria 
monocytogenes. In table 7 are the biochemical and physiological characteristics of Carnobacterium 

divergens and Carnobacterium maltaromaticum. As seen in this table, C. maltaromaticum strains have the 

ability to produce acid from a wider variety of substrates compared to C. divergens strains. From a 

conservation point of view, we can assess that C. divergens is an even more suitable bio-preservative than 
C. maltaromaticum, because of its tendency to produce less acid and thus preserve the organoleptic 

proprieties of food. Other than this advantage, both species are described as gram-positive rods that occur 
singly or in short chain, non-motile, non-spore forming bacteria, catalase, and oxidase negative. The 
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colonies appear as round, white and convex, with smooth edges when grown on TSA at 25°C for 24h 

(Collins et al., 1987). It is also stated that phenotypic characteristics are not able to differentiate the 

species and that molecular methods are necessary (Birgit et al., 2004). Considering that one species is 

already labeled as GRAS, the differences present between C. maltaromaticum and C. divergens are not 

significant enough to doubt the safety of Carnobacterium divergens M35 in the indented conditions of 

use. 

Table 10. Biochemical and physiological characteristics of Carnobacterium divergens and Carnobacterium 

maltaromaticum. From Collins et al. (49). 

Characteristics 

Acid produced from: 
C. divergens C. maltaromaticum 

Amidon 

Amygdalin .. 
Galactose 

+ + 

+ 
8-Gentiobiose + + 
Gluconate + + 

lnuline + 

2-Ketogluconate 
lactose + 
Mannitol + 
Melezitose + + 

Melibiose + 
a-Methyl-o-glucoside - . -
a-Methyl-o-mannoside 

+ 
+ 

D-gatarose 

o-Turanose ± 
o-xylose 

Voges-Proskauer + + 

Motility 

Gas production from glucose in + + 
arginine-MRS broth 

Growth at temperature (°C): 

0 + + 
30 + + 

37 + + 
40 + 
45 

Finally, to assess the safety of the strain, a study of Carnobacterium divergens M35 was conducted in a 
simulated environment of the gastro-intestinal system (TIM-1 System, TNO Triskelion) (Fliss et al., 

Unpublished). This study showed that the strain M35 is completely killed by gastric fluids and that no 

bacterial cells can survive the digestive process. This means that the strain is safe for consumption and 

that even in the case of consumption by people with weakened intestinal lining, no cells will be able to 
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cause an opportunistic infection as seen previously. Also, in 2016, a probiotic containing a strain of 
Camobacterium divergens, Lavipan®, was approved for piglets, chickens and turkeys for fattening in 

Europe and an acute inhalation study was performed to determine the safety for the user (SO}. Clinical 

results by the inhalation of the product by rats, 4 hours a day for 14 consecutive days determined that the 

additive is not toxic for the user, but due to the proteinaceous nature of the probiotic, it should be kept 

in mind that it can be a potential respiratory sensitizer. An additional study on skin and eyes also 

concluded that the substance is not an irritant. So not only Carnobacterium divergens is safe for 
consumption because it cannot survive digestion, but the individuals handling the bio-ingredient on the 

production line can be considered safe from its exposure. 

2.4.2 Safety of bacteriocins 

In recent years, bacteriocins have been greatly studied as antimicrobial compounds due to their potential 

in food {preservatives and safety) and in pharmaceuticals {antibiotic alternative). Bacteriocins are small 

peptides produced by bacteria that target other bacteria to compete in nature, they often have a very 

narrow spectrum of activity. There are currently three classes of bacteriocins (51). Class I is called 
!antibiotics and is composed of post translationally modified peptides that can contain unusual amino 

acids. Class II is composed of unmodified peptides divided in three subclasses: Ila pediocin-like 

bacteriocins, lib made of two polypeptide chains and lie other single chain bacteriocins (52-54). Class Ill 

are composed ofthermosensitive bacteriocins. Divergicin M35 is a bacteriocin from the class Ila pediocin­
like that has the following sequence: TKYYGNGVYC NSKKCWVDWG TAQGCIDWI GQLGGGIPGK GKC. ft is 

made of all natural amino acids. 

Humans are constantly exposed to bacteriocins because the majority of bacteriocins are produced by 
lactic acid bacteria and probiotics used in food {dairy fermentation, vegetable fermentation etc.) and 
normally found on food {51, 55-58). Nisin, a bacteriocin produced by many strains of lactic acid bacteria, 
has a GRAS status by the FDA {GRAS No 65, 
https://www.cfsanappsexternal.fda.gov/scripts/fdcc/index.cfm?set=GRASNotices&id=65, consulted 
January 11th 2022) and is used as an antimicrobial agent. Also, in Canada, pediocin, also a class Ila 
bacteriocin, is the f irst bacteriocin approved as a processing aid since nisin (considered an additive) in 
food as an antimicrobial agent to control Listeria monocytogenes (File No ADDPS20013101). Moreover, 
you can often find starter cultures and antimicrobial strains commercially sold that produce bacteriocins 
such as ALTA™ 2341 from Quest International (59, 60) and the MicroGARD cultures from Dupont (IFF) 
active against a wide range of microorganisms 
(https:ljwww.dupontnutritionandbiosciences.com/products/microgard.html, consulted January 12th

, 

2022). Thus, bacteriocins are already everywhere in our nutrition and have been used in food without any 
safety concerns for many decades. 

The safety of bacteriocins reside mainly in the fact that they are small proteins, and for the case of 
divergicin M35 for example, they are made with the same amino acids normally found in our nutrition. 
Also, they are very sensitive to the proteolytic enzymes and low pH present in our digestive system, such 
as pepsin, trypsin and chymotrypsin (61-63). This means that our stomachs and small intestine are able 
to digest the bacteriocins like they would normally do with proteins sourced from our food {64). This is 
particularly true for class II bacteriocins, known to be extremely sensitive to potential gastro intestinal 
barriers {see figure 9). The fate of the bacteriocin is then the same fate as any other protein ingested. 
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Figure 9. Physiological conditions that may influence the stability and biological activity of bacteriocins 
during the gastrointestinal transit. From Soltani et al. {65). 

2.42.1 Absorption of bactenocins 
As for the absorption of bacteriocins, it varies due to their bioavailability following ingestion. For 
bacteriocins from the class II, very little is available once the stomach and the small intestine have digested 
the peptide. It has been shown that nisin can be absorbed thought the vaginal epithelium of rabbits and 
that other bacteriocins (enterocin ES0-52, nisin and plantaricin 423 for example) could cross the gut-blood 
epithelium in vitro (62, 66, 67). But, Meade et al. have shown that bacteriocins can also be sensitive to 
proteases from homeostasis and fibrinolysis in the bloodstream (68, 69). This means that bacteriocins are 
subject to degradation but the digestive system and the bloodstream. 

2.4.2.2 Toxicity and cytotox,city ofbacteriocms 
Acute and subacute toxicity of bacteriocins can be done to determine the toxic characteristics of a studied 
compound and to assess the possible health hazards. Previous studies have shown that oral 
administration ofnisin, bacteriocin TSU4, Lactocin 160and pediocin N6 did not show signs of acute toxicity 
in in vivo animal models in amount normally found in food (70-73). With all that information, bacteriocins 
show a great potential to be used in the food industry, as well as in the pharmaceutical industry due to 
their low to absence oftoxicity (65). Table 11 shows an overview of recent literature. 
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Table 11. Overview of recent literature and data on in vivo acute and subacute toxicity of bacteriocins. 
From Soltani eta/. (65). 

l!acteriocin Administmtion 0 Referen<' 

Entemcin AS-48 1, 10, 20 14g/dose of s µL for '.l days No skm Pnsmz non (Cebrian et al. 2019} 
I.acticin 160 1.8 mLof10mgmL 1 No severe irritation (Dover et ut 2007) 

intravaginally in ral 
Nisin 1000 mj!kg 1 IIWin rat No sigx, ol anttl' toxu:ify (Frazer et al. 1962) 

20 000 mg kg ' BW in mit"e (Marlida et al. 2016) 

PP.diocin N6 >- 70 000 mg kit I Ul Qlll'.f' (.l)',0 (Marlida et al. 2016) 
TSU4 naily mtakr dOS<! of n . ., mg lcg-1 No mortality and no changes in (Sahoo et al. 2017) 

tot :Jldays physical condition 
0.B?S ms leg I daily intake tor n lftstologiral chanses in ,pt...•o, (Vaucher et al. 2011) 

clt1~ liver aud slcin 

As for cytotoxicity, many cell lines have been tested in vitro using different assays thought the years. Table 
12 shows an overview of the recent literature. Some bacteriocins have shown levels of cytotoxicity like 
nisin at high concentration against different type of cells. But it is important to notice, because there is 
not a lot of data in the literature specifically for bacteriocins produced by Carnobacterium, that at 
concentration 100-fold higher than the MIC (Minimum Inhibitory Concentration) bacteriocins Cbn BMl 
and Cbm B2 produced by Carnobacterium maltoramaticum CPS were not cytotoxic to caco-2 cell line. 

In brief, bacteriocins, more precisely divergicin, is composed of natural amino acids often found and 
currently in our nutrition. Some data suggests that certain bacteriocins could be absorbed through the 
gut, but class II bacteriocins are unlikely to survive the stomach and the small intestine. If a very small 
amount does make it to the gut epithelium and is absorbed in the blood stream, proteolytic activity from 
homeostasis and fibrinolysis will also digest the peptides. Overall data from toxicity and cytotoxicity shows 
that bacteriocin are safe for consumption and have a great potential to be used in the food industry. 
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Table 12. Overview of the recent literature on in vitro cytotoxicity of bacteriocins. From Soltani et al. (65). 

Cytotcxicity 
Bacteriocin Producer oriillliml Cell line 'fype of as5aY Toxicity References 

;:nterocin DD14 Enterococcus jne-calis 
14 

IPEC-1 CCK-8assay No toxicil}' at MIC and 
2 x MIC concentmtions 

(Caly ef al. 2017) 

£nterocin S37 £nterococci.s faecalis 
S37 

Caco2-TS7 LDH release ass.i;y No toxicity at 2 and 10 
µgmL- 1 

(Belguesmia et al. 
2011) 

Enterocin AS-48 Enterococcus faeailis 
UGRA 10 

Melanoma cell line 
A2058 

MTf assay No toxicil}' at MIC and 
higher concentrations 
(up to 200 µg ml 1) 

(Abengc\zar et al. 
2017) 

Carnobacteriocin Cbn 
BM1 
Cbn B2 Ca mobacterium 

ma!faromaticum CP 
Caco-2 MIT assay No toxicity at 100-fold 

MlC 
Qasniewski et al. 2009) 

Plantaricin OMS Lactobacillus Hel: 29'3 MIT assay No cytotoxic effect n (Das and Goyal 2014) 
plantarum DMS 

Hel.a 
mammalian cells 

Nisin (Nutrition 
2VUSA) 

HT29 

Caco-2 

MTiassay 

Neutral red 

Cytotoxic at 4x MIC 
value in IIT29 
Cytotoxic at 'h, MIC in 

(Maher and McClean 
2006) 

Caco-2 
Nisin (Sigma-Aldrich) SV40HC Trypanblue 

exclusion 
Toxic to both cells at 
high concentration 

(Murinda et al. 2003) 

(<50% viability 
at >350AU mL-1) 

Vero cell 
NisaplinIt' (Danisco) Vero cell MTI assay ECSO: 0.33 µ.g mL· 1 

MTT 
(Vaucher et al. 2011) 

Nisin Chrisin~ 
(Chr. Hansen-Color,; 
& Blends) 

?ediocin PA-1 Pedioroccus oddilactis 
PA-1/ACH 

Vero cell 
MCF-7 

HepG2 

SV40HC 

LOH release assay 
Neutral red assay 
MIT 

Trypanblue 
exclusion 

0.79 µg ml --1 LOH 
0.62 µg mt·• NUR 
ICSO 
13.48 µM Vero cell 

105.46 µM MCF-7 
112.25 µM HepG2 
Toxic to both cells at 
high concentration 
{<50% viability 
at >170AU mt·1 ) 

(Paiva et al. 2012) 

(Murinda et al. 2003) 

Vero cell 
ColE1 f.. coli 50164 SV40HC !Zf,a~ blue 

US\O!I 

Cr.I F.6 cytotoxic- for 
both cells 

(Murinda tt of. ;1003) 

ColE3 Vero cell Col El, E3, E7 and Col K 
little toxic {350 and 700 
AUml-1) 

Coll:6 
Co! E7 
Co!K 
Microcin E492 r.. pneumoniae 

RYC492 
HeLa LOH release assay 

(at 14 µg ml ') 
Toxic against Jurkat, 
Hela, RJ2.2.S (different 

(Hetz et al. 2002) 

Ju.rkat 
degree) 
AMG-3,KG-1 
insensitive 

RJ2.2.S Ramos slightly 
sensitive 

Ramos 
KG-1 
AMG-3 

Bacteriodn-lilce P40 Bacillus licheni{ormis 
P40 

Vero cell M1Tassay EC50: {Vaucher et al. 2011) 

LDH rnlease assay 0.30 ,,g mL 1 M1T 

Bovicin HCS Streptococcus bollis 
RCS 

Vero cell 

Neutral red assay 

MIT 

0.51 µg ml ' I.DH 
0.57 11g mL· 1 NUR 
ICSO: (Paiva et al. 2012) 

MCF-7 
HepG2 

65.42 µMin Vero 
279.39 µM MCF-7 
280.30 µM HPG2 

Page I 28 



2.4.3 Technical effect of the notified substance 

2.4.3.1 Description of the mode of action in relation to the intended use 
Strain M35 is known for its bacteriocin production, divergicin. While using the strain and its supernatant 
on food, it was shown that this method of bio-preservation is able to inhibit the growth of Listeria 

monocytogenes on cold smoked salmon and cold smoked trout (6). Since its approval as an antimicrobial 

food additive (Reference number NOP/AVP-0018) in smoked salmon and trout, it has been used to protect 

this type of food from L. monocytogenes contaminations for food processors 

Divergicin M35 is from the pediocin-like subclass of bacteriocin, known to often have an anti-listeria! 

activity. Those bacteriocins can target the membrane of some Listeria species and cause non selective 
pores resulting in subsequent lysis and cell death (53, 74, 75). Divergicin M35 interacts with fatty acids at 

the surface of the membrane and causes depletion of intracellular ATP and also it might interact with 
Na+/K+ efflux in the cell (53). When isolate, the supernatant loaded with divergicin M35 showed powerful 

antimicrobial activity against Listeria monocytogenes and other species of Listeria and Carnobacterium 

but it was not active against strains of Lactococcus, Pediococcus, Lactobacillus, Streptococcus, 

Propionibacterium, Bifidobacterium and Escherichia coli in soft agar assay (see table 12) (1). 

Table 13. Sensitivity to divergicin M35 of Listeria species and other LABs in soft agar assay. From Tahiri et 

al. (1) 

Or~amsm Str:1in Scnsiti\;ty Ill Diameter of inhibition 
iom: (mm) divc,·gicin M35 

listeria monocytogenes tso• 15 NA 
l. mo11ocytoge11es L5D 332 1X5± l 
l. monocytngenev LSD 336 16.5 ±0.5 
l. monoqtogenes LSD 3311 IX.()± 0.5 
l. monocytogcnes LSD 3.39 19.0±0.5 
L mo11ocy1oge11es LSD 340 I- 17.0±0.5 
L monocytogenes I.SO 341 IJ.0±0..: 
L mo11ocy1ogenes I.SD 346 17. i I 
I.. m,mocytoge11es LSD J4R 17.5 .t l 
l. rmmo1ycnge11e~ I.SD 52J 10± 11' 

L. n11mocy1oge11ev I.SD 524 22.0± 1" 
l. monocytogenes LSD 525 NA 
l. monocytogenes LSD 5.26 21.0± l 
l. mo11ocytogenes L5D 529 14.5 ±0.5 
l. monocytogenev LSD 530 19.0± I 
L mo11orytogener 
L mo1101-ytog,.,ner 

1.50 531 
LSD 53:2 

+ 18.5 ± I 
~o.o ±o.sb 

L. mo1iol_-vloge11es LSD 535 l<l.O ± 0.5 
L mo11ocyroge11es L5D 538 :!0.0±0.5 
L mouocycogenes ATCC.,t, 11)111 .. ND 
L. monncytogcnes . \TCC 19112 ND 
L. monocycogen<'s :\TCC 19114 + ND 
L mo11ocycogenes ATCC 111115 NO 
L monocytogenes ATCC 35152 ND 
listeria seelige,i I.SD II IJ.5 .! I 
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lislerio v.elsl1im.;ri LSD 12 20 ± 0.5 
listen·a grayi LSD 13 15.0 ::t I 
listeria nrurayi LSD 14 !75 :!: I 
Lisll'riu ivan01•ii ATCC 19119 NA 
Listeria ivanovii HPB'2S ND 
listeria im10cua t!PB 13 21 ± 0.5 
Camohacterium divergen.• ATCC' 3l!5 15.11 ::: I 
Camobacrerium piscico/a ATCC 386 17.5 ± I 
Lactococcus lac/is subsp. lactis Rd 0058 NA 
Lacwcoccus lactis subsp. lactis R 0100 NA 

biovar. diacety/actis 

l.nctococcu.• lactis suhsp. lac/is UL"719 A 
biovar. diacetylactis 

Pediococc:us acidifactici ULS NA 
Pediococcus acidilactici R l001 NA 
Pediococcus p1'111osaceus Rl044 'A 
laclobacillus sa/i1•ariris R 0078 'A 
lac1obacillus delbmeckii subsp. lacris R 0187 'A 
lactobacil/us acidophilus R 0052 NA 
Loc1obaci/11is pla11tarum R 1012 A 
lac1obacil/us casd R R0256 NA 
L<1ctobadllus rlramnosus R 0011 NA 
Streptococcus thennaphilus R 0083 A 
Propio,1ihac1erium spp. P5 A 
Propionihacterium frer«Jeiweichii R 0501 A 
Bijidobutterium breve ATCC 1S700 NA 
Escherid,ia coli ATCC 11775 A 
Escherichia coli ATC'C !38M3 NA 

2.4.3.2 Descnption of the reasonably expected by-products following introduction 
After introduction on food, the strain, adapted to the environment of smoked fish can survive and multiply 

to some extend (see figure 10). In trials conducted on smoked salmon and as shown in figure 10, we found 

that C. divergens M35 (a psychrotroph) survived very well at 4 °C, with counts reaching about lxl09 cfu/g 

after 21 days, while total counts (including total lactic acid bacteria) were about 5x108 cfu/g. Divergicin 

M35 was not detected in the samples, possibly due to decomposition by proteases of endogenous lactic 

bacteria in salmon, since bacteriocins from class II are very sensitive to proteolytic activity. 
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Figure 10. Evolution of Carnobaeterium spp. count in cold-smoked salmon inoculated with L. 
monocytogenes and stored at 4 •c for 21 days. !QI Control (treatment A), ■ L. monocytogenes alone 
(treatment B), g,j L. monocy1ogenes as a co-culture with C. divergens M35 (treatment C}, D L. 
monocytogenes as a co-culture with C. divergens ATCC 35677 (treatment D), mL. monocytogenes with 
purified divergicin M35; 50 mg/g (treatment E), El:ll L. monocytogenes with divergicin M35 bio-ingredient 
(treatment F) and ffl L. monocytogenes with MRS culture supernatant concentrated 10-fold (treatment 
G). Error bars indicate standard deviations of treatments and duplicate enumerations per treatment. 
Different letters at the same time point indicate significant difference (P < 0.05). From Tahiri et al. 2009 
(6). 

2.4.3.3 Data on the Efficiency of the Antimicrobial Bio-preservative 
Carnobacterium divergens M35 shall be used on fish products for the antimicrobial effect of the culture 

against listeria monocytogenes. Such an inhibitory effect will be demonstrated through data generated 

on a period of 21 days on cold-smoked Coho salmon, since this product represents a high risk of 

contamination. Cold-smoked Coho salmon fillets (Fumoir Grizzly inc., Saint-Augustin, Quebec) divided 

into 216 slices of 25 g each were distributed into treatment groups as indicated below in table 14. 

Table 14. Number of samples {slices) of cold-smoked Coho salmon per treatment group. 

Listeria monocytogenes added 
10 CFU per g 1,000 CFU per g 

Bio-preservative added .J.. 4 •c - 20 °c 4 •c - 20 °c 
None 24 12 24 12 

106 CFU perg 24 12 24 12 

The experimental treatments were inoculation with L. monocytogenes at 10 or 1000 CFU per gram offish 

and treatment (or not) of the bio-preservative was done at a concentration of 106 CFU of C. divergens 

M35 per gram (suspended at 1.67 x 107 CFU/ml and sprayed onto the slices in two volumes of 750 µL). 
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Forty-eight slices from each group were stored at 4 •c and the 24 remaining slices were stored at - 20 •c. 
Treated samples (all except negative control) were left for 10 minutes under the laminar flow hood to dry 

off excess liquid then vacuum-packed individually in plastic packaging material (bags) provided by Fumoir 

Grizzly inc. and stored for 20 days. Negative controls were not sprayed, as to not modify the composition 
of the raw fish. Incubation in a laminar hood was done to dry off the excess liquid after the application of 

the product onto the sliced fish, before the inoculation with a determined concentration of Listeria 

monocytogenes. This allows all the viable cells to be present at the surface of the smoked salmon slice 

and thus having a reproducible count on every slice. 

Two samples stored at 4 °c were processed on days 0, 4, 8, 12, 16 and 20 by homogenizing for 10 minutes 

with 50 mlof0.5 % peptone water in filter bags in a Lab Blender 400 Stomacher {Seward Medica l, London, 

UK) at maximal speed. A volume of 50 µL of fi ltered homogenate was used to count L. monocytogenes 

colonies {black with a dark halo) on PALCAM agar (Oxoid) incubated at 37 •c for 72-96 h. Samples stored 

at - 20 °C were thawed at 4 •c and analyzed likewise on days 2, 4 and 7. Figure 11 shows L. monocytogenes 

viable counts on cold-smoked Coho salmon treated or not with the bio-preservative and stored at 4 °C for 
20 days. Inhibition ofgrowth was total for the first 12 days in the case ofsamples inoculated with 10 CFU/g 

and t reated with the bio-preservative, while counts reached 103 CFU/g by the fourth day on samples not 

treated. Although L. monocytogenes counts on the treated slices reached 102 CFU/g by the end of the 

storage period, they were always at least 4Log lower than on untreated slices. The inhibitory effect of the 
bio-preservative was significant also on slices stored at -20 °C for 20 days, thawed and kept at 4 °C for 7 

days. This indicates that the bio-preservative is stable at deep-freeze temperatures and active in the 

thawed product, preventing the proliferation of L. monocytogenes for at least a week at proper 

refrigerator temperature, in the event of the presence of this pathogen in the smoked fish prior to 
freezing. 

These results show clearly that applying a protective bio-ingredient (i.e., bio-preservative) derived from a 
culture of C. divergens M35 suppresses significantly the proliferation ofL. monocytogenes in cold-smoked 

Coho salmon. Since the level of L. monocytogenes contamination that occurs in the food-processing 

industry is typically about 10 CFU/g, we suggest t hat its proliferat ion on Coho salmon slices stored at 4 ·c 
is completely inhibited for 12 days. Growth of L. monocytogenes did occur subsequently, but much less 

than on slices not treated with the bio-preservative. Comparable results were obtained in other similar 

studies (6). When t he initial level of L. monocytogenes was higher (103 CFU/g), the bio-preservative did 

not provide total inhibition of growth but did slow it considerably, keeping the counts 2Log lower than on 

untreated slices. It should be noted that contamination with L. monocytogenes at levels as high as 103 

CFU/g is rarely, if never, seen in the industry. 
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Figure 11. Inhibition of Listeria monocytogenes by C. divergens M35 bio-preservative applied to cold­
smoked salmon. L. monocytogenes counts in the absence (red) or presence (green) of the bio-preservative 
(initial counts were 10e3 CFU/g (A) or 10 CFU/g(B)); yellow- C. divergens M35 counts. 

We demonstrated the efficacy of the culture on fresh tuna also because this product represents a high 

risk of contamination, but also a high risk of biogenic amine poisoning due to its high free amino acid 

content. For fresh tuna, the experimental procedure was divided into three batches (batch 1: negative 
control, batch 2: positive control-103 CFU/g of Listeria monocytogenes, batch 3: contamination with 

Listeria monocytogenes (same of batch 2) with treatment with 106 CFU/g of bio-ingredient). The 
concentration of the ingredient applied was determined by the biogenic amine analysis for fresh tuna. 

Since no variation of biogenic amine is produced with the addition of BacM35 and considering that the 
strain is not very competitive with the endogenous flora, the highest amount (106 CFU of viable 

Carnobacterium divergens M35 cells per gram of tuna) was tested to ensure an optimal inhibition. Each 
batch was inoculated with 103 CFU/g ofListeria monocytogenes (except batch 1) and batch 3 was treated 

with the associated concentration of the bio-ingredient. The samples were then frozen overnight, thawed 
and kept at 4°C in triplicate for 21 days, which is seven times longer than the conservation time of 3 days. 

The detection of L. monocytogenes was done at key points during the process (days 0, 1, 3, 7,10, 14, 17, 

and 21) to evaluate the inhibitory activity of the ingredient. Table 15 shows the counts obtained for each 
batch and day. 
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Table 15. Listeria monocytagenes counts for fresh tuna non-treated (batch 1), fresh tuna artificially 
inoculated with 103 CFU/g of Listeria monocytogenes (batch 2) and fresh tuna artificially inoculated with 

103 CFU/g of Listeria monocytogenes and treated with 106du/g of BacM35 (batch 3) for 21 days. 

Day Batch 1 (CFU/g) Batch 2 {CFU/g) Batch 3 (CFU/g) 

0 0(<30) 383±2 145±5 

1 0(<30) 376±7 84±10 

3 1.6±0.2(<30) 293±5 43±2 

7 0 (<30) 271 ± 10 20 ± 2 (<30) 

10 0 (<30) 116±5 6±2{<30} 

14 0.8 ± 0.1 (<30) 375 ± 88 5±1(<30) 

17 0 (<30) 270 ± 17 0 (<30) 

21 1.6 ± 0.2 (<30} 245 ± 15 10 ± 2 (<30) 

As shown in table 15, the count of Listeria monocytogenes is stable for 21 days, so the concentration is 

not increasing nor decreasing. Based on that fact, it is possible to assess that the diminished quantity of 

L. monocytogenes of batch 3 is caused by the addition of the protective culture and not by natural 

mortality of the pathogen through time. 
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Figure 12. Bacterial counts of listeria monocytogenes (CFU/g of tuna) with error bars during a period of 
storage at 4°C for 21 days. In green: control batch; in blue: artificially inoculated tuna with 103 CFU of 
listeria monocytogenes per gram; in orange: artificially inoculated tuna with 103 CFU of Listeria 
monocytogenes per gram treated with 106 CFU/g of BacM35. 
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Figure 13. Bacterial counts of Listeria monocytogenes in Log with error bars during a period of storage at 

4°C for 21 days. In orange: control batch; in blue: artificially inoculated tuna with 103 CFU of Listeria 
monocytogenes per gram; in orange: artificially inoculated tuna with 103 CFU of Listeria monocytogenes 

per gram treated with 106 CFU/g of BacM35. 

Those results show that the addition of a Carnobacterium divergens M35 based treatment reduces 

significantly the amount ofviable Listeria monocytogenes present in fresh tuna, as in cold-smoked salmon 

also (Figure 12 and 13). There is a reduction below the limit of detection (30 CFU/g) after 7 days, 
a reduction for up to 2.Slog (day 17) and an immediate reduction of about O.Slog upon thawing (Figure 

13). Here, there is no subsequent growth of L. monocytogenes and we hypothesize that considering 
the general amount of 10 CFU of pathogen per gram present in the industry, there is a complete 

inhibition after 12 days. 
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Part 3: Dietary exposure 

3.1 Exposure to Carnobacterium from the environment and the food 

Lactic Acid Bacteria (LAB), including species of the genus Carnobacterium, have been used for centuries 

for the production of fermented foods (2, 10). Several published reports have documented the presence 

of Carnobacterium spp. in food, including meat and meat products, vegetables, fruits, cheeses, and 

seafood, at concentrations from 5.0 x 105 to 1.0 x 109 CFU/g (22, 76-78). They are able to grow in foods 

that contain little free carbohydrate even at low temperatures. Unlike other lactic acid bacteria, the 

relatively weak acidification by Carnobacterium suggest the possibility of adding them directly to cold­

smoked salmon and other non-fermented or non-marinated ready-to-eat fish and seafood without risking 
undesirable changes to the organoleptic and sensory characteristics (22, 64, 76-78). 

Carnobacteria can tolerate both temperate and cold temperature since they have been isolated from 

tropical fish and the Arctic sea (79, 80). Microorganisms belonging to the Carnobacterium genus are rod­
shaped, gram-positive and heterofermentative. Strains can grow at 0°C, with ah optimal growth rate 

around 30°C and are able to survive multiple freeze-thaw cycles (49, 81). Those characteristics make the 

species C. divergens and C. maltaromaticum an ideal candidate for a bio-preservative compound. 

Strain Carnobacterium divergens M35 has been isolated in from mussels from the Atlantic. 

Carnobacterium spp. is frequently found in salt water, because it is frequently isolated from marine 

products as being one ofthe first flora to populate this type of product (82).lt is therefore a habitat already 
populated by this strain, but whose original flora is also already regulated by the surrounding flora. Also, 

C. divergens natural colonization of meat is hypothesized to come from the colonization of the intestinal 

track of animal, thus its presence on meat. It has not been associated with plants, fermented vegetables 
or the gastrointestinal system of birds (10). Also, as mentioned before, the species is naturally found in 

healthy human guts so no adverse effect from this species is expected. 

Currently, the only abundant reservoirs for this strain are animals, as well as water. The study by Dalgaard 
et al. (10), summarizes the status of Carnobacterium spp. in the environment. This genus is omnipresent 

in the various wet orwater reservoirs, but is rarely the dominant genus, because it is not very competitive 

against the various lactic acid bacteria and other flora. In the majority of these reservoir, it is not possible 

to carry out an account of this kind, because always in presence only. It is therefore necessary to proceed 

with enrichment in order to have a countable population. 

The population becomes significant when it is implanted in a living organism. In the case of 
Carnobacterium divergens M35, it has been shown that its implantation in a food or in an organism does 

not cause infection or denaturation, because this strain has a very low proteolytic capacity (1). It is forthis 

reason that it was chosen as a preservative, as it is not competitive and has marginal nutrient 

consumption. This ability has been studied on many foods and is not expected to differ in one 

environment. 
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In water, it is a flora frequently present in different reservoirs. Very few data exist concerning the 

concentration of this flora, because it varies greatly depending on the water points but once again, it 

always remains in presence too weak to be countable. A Norwegian study was able to determine that the 
majority of the bacterial flora found in the gills of Atlantic salmon consisted of Carnobacterium spp. at a 

level around 4Log (CFU/g) (78). As the gills act as a filter, it can be assumed that the native flora in the 

water is below this level. Carnobacterium spp. Was able to become the dominant species in the gills 

because the high concentration allowed the action of its bacteriocins against the rest of the flora present. 
But once again, we cannot say that this strain proliferates in this environment, only that it is found there 

in traces. 

In soil, a Canadian study demonstrated its presence in soil in the polar regions of Canada, however, their 

presence was not quantified (81). 

No data or studies currently demonstrate the presence of Camobacterium spp. in the air. 

It is impossible to estimate the exact quantity at which humans are already exposed to the genus and this 
species, but it is safe to assume that through water, meat and fish-based food, humans are already 

consuming this bacterium daily. 

3.2 Human exposure to Carnobacterium and to their bacteriocins 

Carnobacteria are often present and isolated in the environment and food, from which the species C. 
divergens and C. maltaromaticum are the most abundant. As mentioned previously, Carnobacterium 
divergens is frequently isolated from dairy, meat, fish and shrimp products (9, 47, 79, 83). Despite this 
relative abundance in food products, Carnobacteria are not known members of the human 
gastrointestinal microbial community, unlike several other Lactic Acid Bacteria. They are mostly studied 
for the production of bacteriocins that inhibit the human pathogen Listeria monocytogenes (10). 
Carnobacterium sp. is ubiquitous to the environment, but mostly found in water and food. As for C. 
divergens itself, this strain is mostly found in food and on meat product, because it naturally colonizes 
various food (44, 47, 48). There is no global geographic distribution of the microorganism, but the 
following figure represents the relative abundance of C. divergens compared to other Carnobacteria in 
different ecological niches. 
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Figure 14. Relative abundance of each Carnobacterium species obtained from 16S metagenomic 
analyses of 681 samples originating from food, organs, feces, and environment. One asterisk indicates 
significant difference (P < 0.0001) compared to all other Carnobacterium sp, two asterisks indicate 
significant difference (P < 0.01) compared to C. iners, C. inhibens, C. jeotga/i, C. mobile, and C. viridans. 
Three asterisks indicate significant difference (P < 0.0001) compared to all Carnobacterium sp. except C. 
maltaromaticum (44). 

Since Carnobacterium spp. is a part of the endogenous microflora ofseveral foods, it can be obvious that 

humans have already been exposed to this species and more specifically those producing bacteriocins 

such as C. divergens M35. However, no case ofacute or chronic toxicity directly associated with long term 

exposure to bacteriocin-producing C. divergens or to other Carnobacterium species has been reported to 

date. In addition, as for manyother LAB strains, C. divergens do not seem to be able to survive the different 

physiological barriers of the digestive tract (gastric acidity, bile salts, etc.), to implant themselves at the 

colic level or to produce their bacteriocins in situ or to translocate through the digestive barrier. It is also 

well established that bacteriocins are only active towards a narrow group of specific micro-organisms, it 

is then not expected to cause adverse effects to biological diversity when released into the digestive tract. 

On the other hand, bacteriocins which have been isolated from several foods such as beef, ham, fish, 

vegetable, and cheese, have probably been consumed for centuries without any reported negative side 

effects. Indeed, due to the protein nature of the compound, the bacteriocins produced in foods are 

therefore degraded by the proteases and the other enzymes encountered in the mammalian digestive 

system and are thus unlikely to make their way into the digestive system. This phenomenon has already 

been clearly described for nisin A, nisin Zand pediocin using in vitro gastrointestinal model (Fernandez et 

al. 2012). The notifier also demonstrated scientifically that bacteriocins produced by C. maltaromaticum 
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CBl are readily digestible and unstable in t he mammalian digestive system and are thus unlikely to be 

toxic or allergenic towards animals. It should be emphasized that Nisin, originally isolated in the late 1930s 

and produced since the 1950s, was approved as an additive for food use in the USA and more than 50 

other countries in t he late 1960s. 

https ://www.accessdata. fd a .gov/ scripts/ fdcc/ index. cfm ?set=G RASNotices& id=65 

Carnobacterium divergens is already part of the natural gut microbiota of humans (45). As it is already 
found on meat , fish, dairy product and water, humans and animals have been extensively exposed to 
the species and it part of the healthy gut microbiota. This probiotic will not have any negative effect 
from its consumption and since the start of its use in 2007, no infection or increase of infection has been 
reported in Canada. 

So, all these highly suggested that ingestion of bacteriocins would not have any deleterious effect on the 

human microbiota and would not induce any allergenic or toxic effect for humans. 

3.3 The estimate number of persons that may become exposed and degree of their 
exposure to the microorganism and its by-products. 

The degree of exposure to t he microorganism is somewhat stable. Any person consuming cold-smoked 

sa lmon or cold-smoked trout would consume a maximal level of 106 colony forming unit {cfu) pergram of 

food. The est imate number of people that may become exposed would be the consumers of those 

products but an exact est imation is very difficult since marketing can influence sales and the number of 

consumers. No economical analysis can predict the number of persons exposed, so it is safer to assume 

that any consumer ofcold smoked fish may become exposed in the general population. 

From an operational point of view, any employee on the production line using t he bioingredient is 

susceptible and employees producing the culture will be exposed. Employee preparing and monitoring 

the culture during the production and quality control staff as well as employees handling and diluting the 

powder w ill be exposed to the concentrated product from up to 109 cfu/g and other employee on the 

production line w ill be exposed to lower levels of the microorganism. 

3.3.1 Estimation of total intake of C. divergens M35 

As mentioned in section 2.4.3.2, after introduction on food, the strain, adapted to the environment of 

smoked fish can survive and multiply to some extend (see figure 15). In trials conducted on smoked salmon 

and as shown in figure 15, we found that C. divergens M35 (a psychrotroph) survived very well at 4 •c, 
with counts reaching about 1x109 cfu/g after 21 days, while total counts (including total lactic acid 

bacteria) were about Sx108 cfu/g. Divergicin M35 was not detected in the samples, possibly due to 

decomposition by proteases of endogenous lactic bacteria in salmon, since bacteriocins from class II are 

very sensitive to proteolytic activity. 
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Figure 15. Evolution of Carnobacterium spp. count in cold-smoked salmon inoculated with L. 
monocytogenes and stored at 4 •c for 21 days. ~ Control (treatment A), ■ L. monocytogenes alone 
(treatment B), ~ L. monocytogenes as a co-culture with C. divergens M35 (treatment C), D L. 

monocytogenes as a co-culture w ith C. divergens ATCC 35677 (treatment D), aJ L. monocytogenes with 
purified divergicin M35; 50 mg/g {treatment E), El:l L. monocytogenes with divergicin M35 bio-ingredient 
(treatment F) and ffl L. monocytogenes with MRS culture supernatant concentrated 10-fold (treatment 
G). Error bars indicate standard deviations of treatments and duplicate enumerations per treatment. 
Different letters at the same time point indicate significant difference (P < 0.05). From Tahiri et al. 2009 
(6}. 

According to the Dietary Guideline for Americans (2020-2025) chapter 4, page 96, adults should consume 

a weekly amount of 8 to 10 ounces of fish/seafood, which is equivalent to about 225 to 285 grams of 

salmon (https://www.dietaryguidelines.gov/. consulted January 10th
• 2022). Considering that the smoked 

fish is inoculated at 1x106 CFU/g with growth up to lx109 CFU/g after 14 days at 4°C (6), then the amount 

consumed of viable cells varies from 2.2Sx1<>8 to 2.8Sxl011 CFU weekly. Most of the lactic acid bacteria 

won't survive the passage through the digestive system and around 3% to 12% w ill make it to the intestine, 

representing about 6.75xl06 CFU to 3.4x1010 CFU, if we take into account the lowest amount with the 

lowest percentage and the highest amount with the highest percentage. But, as discussed in the safety 

part of the submission, Carnobacterium divergens M35 is already found in human feces and in the 

gastrointestinal track of mammals, also it is not a very competitive strain and the microorganism is unlikely 

become a major colonizer of the gut microflora if humans are already exposed to this species. 

The amount consumed is also similar to that of another species, Carnobacterium maltaromaticum. The 

strain C. maltaromaticum CBl has been approved as a food additive in meat by the FDA (GRAS Notice 

No. GRN 000159 

https:ljwww.dsanappsexternal.fda.gov/scripts/fdcc/?set=GRASNotices&id=1S9&sort=GRN No&order= 

DESC&startrow=l&type=basic&search=305 , consulted January 12th, 2022 and No. 000305 
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https:ljwww.cfsanappsexternal.fda.gov/scripts/fdcc/?set=GRASNotices&id=305&sort=GRN No&order= 

DESC&startrow=l&type=basic&search=305 consulted January 12th, 2022) and Health Canada (Reference 

No NOM/ADM-0097, https://www.canada.ca/en/health-canada/services/food-nutrition/public-
i n volvement-pa rtnersh i ps/ notice-mod ifi catio n-I ist-pe rm itted-prese rvatives-e n able-use-ca rnobacteri um­

m a I ta romaticu m-cbl-antimicrobia I-preservative-certain-meat-pou ltry-meat. htmI. consulted January 

12th
, 2022). 

The maximum amount accepted for consumption ofviable cells was 8.6x109 CFU per person per day, with 

the 90th percentile of 1.6x101°CFU per person per day, which is similar than the amount consumed for C. 

divergens M35. Considering that strain CBl and M35 are very similar, we see no issue with the number of 

viable cells consumed weekly. It is also stated in the literature that almost no phenotypic distinction is 

possible between C. divergens and C. ma/taromaticum and molecular methods are necessary to 
distinguish them. Those two species are proven to be very similar and safe to consume and one of them 

is already considered GRAS {83). They are frequently isolated from food, without any selection or 

enrichment and are a major part of some food microbiota with and without modified atmosphere 
packages, like poultry, pork, fish and milk (2, 9, 10, 47, 76, 79}. Carnobacterium divergens can even reach 

50% ofthe total lactic acid bacteria present on raw meat (pork, beef and poultry) (48, 83-85). There is no 

precise count of the exposure to this bacterium, but we can estimate that there is already a frequent and 
high amount of C. divergens consumed naturally by the general population, with no risk health risk 

associated with it. 

3.3.2 Estimation of intake of bacteriocins and other by-products. 

As for the consumption of divergicin, due to the presence of proteases already present on food (see 

section 2.4.3.2}, as discussed in section 2.4.2 of the safety of bacteriocins, divergicin M35 was never 
detected in samples of cold-smoked salmon analyzed (6). The strain grows and has its antimicrobial effect 

but the bacteriocin is quickly degraded on the surface of food and humans will not consume it. 

C. divergens M35 is a non-motile gram-positive rod lactic acid bacterium, non-spore forming, growing in 

short chains, catalase and oxidase negative. It produces only L-lactic acid and very little gas. Other by­
products expected from the fermentation process, excluding divergicin, is L-lactic acid in very small 

quantities. L-lactic acid is an organic acid naturally present in food and already considered GRAS by the 

FDA as mentioned in the Code of Federal regulation Title 21, Chapter 1, Subchapter B, Part 184, Subpart 

B, Section 184.1061 (https://www.govinfo.gov/app/details/CFR-2011-title21-vol3/CFR-2011-title21-vol3-

sec184-1061, consulted January 12th
, 2022) and represents no risks for consumption. 

Page I 41 



Part 4: Self-limiting level of use 

4.1 Quantity Used, Proposed uses and Purposes Thereof, Detailed Directions for Use, and 
Recommendations 

It appears that the growth of the strain is self-limited at 109 CFU in MRS broth at 30°C for 24h and thus 

the concentration of cell in food will not surpass this amount. Other than this limitation, the concentration 

applied has to be optimal for inhibition of Listeria monocytogenes and to maintain a safe level of 

consumption. 

4.1. 1 Data on the Microflora Alteration 

Figure 16 shows the evolution of total lactic acid bacteria in cold smoked salmon stored at 4 °C. The final 

concentration of the protective culture of C. divergens M35 added would then correspond to the 

maximum concentration found after 15 days of storage. The addition of this concentration allows a 

significant inhibition of Listeria monocytogenes without alternating the intrinsic sensory and organoleptic 

characteristics of the products. Compared to the control group, groups with Carnobacterium divergens 
M35 have significantly more LAB because the amount of the strain is taken into account, but figure 16 

shows that addition of BacM35 does not compromise or modifies the growth of the natural microflora 
present on the strain. Those results were expected because the genus is not known to be very 

competitive against other LABs. 
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Figure 16. Evolution of total lactic acid bacteria count in cold-smoked salmon inoculated with L. 
monocytogenes and stored at 4 •c for 21 days. l8l Control (treatment A), ■ L. monocytogenes alone 
(treatment B), 0 L. monocytogenes as a co-culture with C. divergens M35 (treatment C), D L. 
monocytogenes as a co-culture with C. divergens ATCC 35677 (treatment D), mL. monocytogenes with 
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purified divergicin M35; 50 mg/g (treatment E), E§I L. monocytogenes with divergicin M35 bio-ingredient 
(treatment F) and ID L. monocytogenes with MRS culture supernatant concentrated 10-fold (treatment 
G). Error bars indicate standard deviations of treatments and duplicate enumerations per treatment. 
Different letters at the same time point indicate significant difference (P < 0.05). From Tahiri et al. 2009 
(6). 

4.1.2 Data on the Amount Recommended for Use 

Different concentrations were tested in order to determine the optimal concentration of use, in this case, 

the amount appropriated for the inhibition of Listeria monocytogenes on smoked salmon and tuna. A 

quantity of 106 CFU/g, 1055 CFU/g, and 105 CFU/g were tested to assess to optimal concentration 

necessary for inhibitory activity. A total of 5 batches were divided, batch 1 is the negative control, batch 

2 is the artificially inoculated smoked salmon with 103 CFU of Listeria monocytogenes pergram of product, 

batches 3 to 5 are also inoculated with the same quantity of L. monocytogenes but batch 3 was treated 
5with 106 CFU of Carnobacterium divergens M35 per gram, batch 4 was treated with 105

· CFU of 

Carnobacterium divergens M35 per gram and batch 5 was treated with 105 CFU of Carnobacterium 

divergens M35 pergram. Each batch was analyzed in duplicates for 21 days to count the number of viable 

L. monocytogenes cells. Table 16 shows the results associated with that experiment. 

Table 16. Listeria monocytogenes counts (CFU/g of smoked salmon) for 21 days of smoked salmon (1 A­

B), smoked salmon inoculated with 103 CFU/g of L. monocytogenes (2 A-8), smoked salmon inoculated 

with L monocytogenes treated with 106 CFU/g of Carnobacterium divergens M35 (3 A-B), smoked 

salmon inoculated with L. monocytogenes treated with 1055 CFU/g of C. divergens M35 (4 A-B) and 

smoked salmon inoculated with L monocytogenes treated with 105 CFU/g of C. divergens M35 (S A-B). 

Batch listeria monocytogenes count (CFU/g) 

Day0 Day7 Day 14 Day21 

1-A <300 <300 <300 <300 

1-B <300 <300 <300 <300 

2-A 8.95X103 2.04Xl04 5.44X104 1.10X105 

2-B 8.85xl03 1.57x104 1.23x105 1.1Sx105 

3-A 4.10xl03 <300 <300 <300 

3-B 3.15x103 <300 <300 <300 

4-A 5.65x103 <300 <300 <300 

4-B 4.30x103 <300 <300 <300 

5-A 6.2Sx103 5.10x102 <300 <300 

5-B 5.15xl03 8.60x102 <300 <300 

From this data, we can assume that the quickest protection against Listeria monocytogenes in smoked 

salmon is 106 CFU/g of Carnobacterium divergens M35. At day 0, the lowest count of bacteria is associated 
5with 106 CFU/g, even though 105· CFU/g is similar. The highest dose will be used to offer optimal 

protection and a safety net for the processing chain. It has already been demonstrated that this amount 

does not change the organoleptic properties of the product and that no biogenic amine is produced 

beyond toxic levels and therefore it is safe for consumption. 
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The bio-preservative is intended for use on fish (except catfish). Based on the prior determination of its 

CFU/ml viability, the lyophilized product shall then be re-suspended in water of suitable microbiological 

quality (drinking water or higher grade). Then, the application will be done by spraying or mixing a certain 

volume in order to obtain a final concentration of 106 CFU per gram or per cm2 of product. The treated 

product must then be vacuum-packed and stored at 4 °C or frozen. The supplier guarantees the identity 
of the bacterial strain and the biological activity of the culture. 

4.1.3 Method of Detecting and Monitoring the Bio-preservative in the Food Product 

Two methods may be used for the specific detection of C. divergens in foods. The first is based on a 

selective medium developed by Wasney et al. (2001). CTSI agar contains sucrose, manganese sulfate, 

thallium acetate, inulin, thiamine hydrochloride, vancomycin, and nisin. On this medium, C. divergens 

produces highly characteristic pink colonies. Using a top layer of tryptic soy soft agar inoculated with 

Listeria ivanovii (a non-pathogenic organism), M35 colonies that produce divergicin can be counted 
specifically. The second method is based on the amplification of a specific DNA sequence of 199 base pairs 

in length using the primer pair 27F/cdi. The details of this molecular method are described in scientific 

articles published by Barakat et al. (2000), Tahiri et al. (2004) and Tahiri et al. (2009) (1, 2, 6). These two 

methods have been successfully used for detection and monitoring C. divergens in cold and frozen smoked 
salmon and tuna. 
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Part 5: Experience based on common use in food before 1958 

To our knowledge, humans have probably been exposed to the microorganism through food before 1958, 
but the conclusion of the GRAS status is not based on common use prior to 1958. No history of use has 
been found in the literature. 
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Part 6: Narrative 

The present application relies on the regulatory approval of a bio-ingredient containing Carnobacterium 

divergens M35 cells and its metabolites including the bacteriocin divergicin M35, as generally recognized 

as safe (GRAS). This bio-ingredient is intended for use as a food ingredient for inhibition of Listeria 

monocytogenes in fish. 

The GRAS status claimed is based on literature information and scientific procedures regarding the safety 

of genus Carnobacterium and scientific data generated and evaluated by experts from a research group 

either in Fumoir Grizzly or at Universite Laval, Quebec, Canada through a collaborative research project. 

The bacterial strain, which is the subject of this application, was identified as Carnobacterium divergens 

by using different state of the art biochemical and molecu lar methods. Its safety has been confirmed by 

different in vitro assays that have proven the non-pathogenicity and the non-toxicity of the strain. 

6.1 Carnobacterium is Part the Endogenous Microbial Ecosystem 

The genus Carnobacterium includes several bacterial species that are part of the endogenous microbial 

ecosystem of several food products. Carnobacterium species have been isolated from different food 

products including fish, milk, and meat and have never been associated with food poisoning or infection 

from oral consumption. It has also been isolated from the intestinal track and feces of mammals and 
humans. Humans are already exposed to it and have already consumed this microorganism frequently 

through their lives. Carnobacterium divergens is a level 1 biosafety microorganism and a member of the 
Lactic Acid Bacteria family, that are Generally Recognized as Safe GRAS by the FDA. Bacteria from the 

Lactic Acid Bacteria are the bacteria the most used in the food industry for fermentation of any type of 

food (dairy, vegetables, etc.) and the majority or those bacteria are naturally producing bacteriocins as a 
mechanism of defense targeted against bacteria in an ecological niche. 

6.2 C. divergens M35 is Sensitive to a Wide Range of Antibiotics, has no hemolytic activity 

and is considered safe to consume 

The antibiotic resistance of C. divergens M35 was evaluated using the agar diffusion method based on the 

inhibition zone diameter around paper discs impregnated with antibiotics. This method was performed 

according to CLSI M-45A specifications (2006 and 2009) carried out routinely for testing candidates 
belonging to other genera of LAB. The results indicate that C. divergens M35 was sensitive to 11 of the 12 
antibiotics tested, under several culture conditions. This resistance profile is consistent with those 

obtained with other LAB including those belonging to the genera Carnobacterium (36, 37, 86). These 

authors mentioned that resistance to streptomycin and some other antibiotics is intrinsic (non-acquired) 

and thereof is non-transmissible via plasmids. It is then obvious that there is no risk of transmission of 

resistance genes by C. divergens. 

The hemolytic activity of C. divergens M35 was evaluated in different media containing defibrinated sheep 
blood. C. divergens M35 did not display any hemolytic activity, under both aerobic and anaerobic 

conditions. 
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Finally, extensive data from the literature (see section 2.4 on safety of the strain and bacteriocins), showed 

the safety of the species divergens and the safety of bacteriocins produced by LABs by demonstrating the 

absence of pathogenicity, acute and subacute toxicity, cytotoxicity and toxigenicity in in vitro and in vivo 

models. 

6.3 C. divergens M35 does not Produce Biogenic Amines 

The analysis of the production of biogenic amines in smoked salmon and fresh tuna revealed that the 

addition of C. divergens M35 did not induce any of the following amines: methylamine, tryptamine, 
putrescine, spermidine, spermine, tyramine, histamine, and cadaverine above the limit of toxicity. The 

analyses also revealed that tyramine and tryptamine was produce at concentrations of respectively 63 

µg/g and 80 µg/g or 21.5 µg/g and 13 µg/g after 16 and 28 days of storage respectively. 

These concentrations are below the current regulatory allowed limit and are very low compared 

to those produced by other species of Carnobacterium in salmon (up to 4000 µg/g). For fresh tuna, 

the biogenic amines tyramine and cadaverine were produced at a concentration of 80 µg/g and 378 µ/g 

respectively, which is not enough to induce any symptoms or toxicity, even for sensitive individuals 
with decreased monoamine oxidase activity (10, 28}. Through scientific procedures, we showed that 

the addition of the strain on food did not increase the amount of biogenic amines normally found 
on salmon and tuna throughout the conservation time and posed no safety risk for consumption. 

6.4 Conclusion for GRAS determination 

Finally, optimized manufacturing conditions and quality control procedures have been developed and 

described to ensure a high quality, viability, purity and active preparation of C. divergens M35 in 

accordance with current good manufacturing practices (cGMP}. Based on a thorough literature review 
and characterization of the strain by expert scientists, antibiotic sensitivity, biogenic amine production, 

hemolytic activity and a natural frequent exposure from meat, fish, poultry and milk reported above, it 

appears that C. divergens M35 is not hazardous to humans and will not produce any significant adverse 
effects in the general population. 

Considering that the behavior of the strain was studied in the worst conditions possible: (1) raw fish (tuna 

and salmon) that both represent a high risk of contamination and that have a high potential for biogenic 
amine content due to the free amino acids of those histidine-rich scombroid fish (87, 88} and (2) smoked 

fish (cold smoked salmon) that represent a food product with a reduced bacterial flora. For these two 

cases, the data obtained proved the safety of Carnobacterium divergens M35 from each key characteristic 
analyzed, we can assess that that use of this strain provides an ideal mean of protection in all fish products. 

All this information, taken together, allows us to claim with certainty a GRAS status for C. divergens M35 

and its metabolites. 
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7.2 List of targeted species of fish and/or products, but not limited to, for the application 
of Carnobacterium divergens M35 

• Salmonidae 
• Pleuronectidae 
• Scophthalmidae 
• Psettodidae 
• Anaplomatidae 
• Gadidae 
• Hexagrammidae 
• Pinguipedidae 
• Moridae 
• Pleuronectidae 
• Cynoglossidae 

• Paralichthyidae 
• Centrarchidae 
• Saleidae 
• Cynoglossidae 

• Triakidae 
• Clupeidae 
• Scombridae 
• Hexagranmidae 
• RTE fish products (ex. fried fish, fileted 

fish etc.) 
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7.3 Food grade and allergen free certification of the ingredients 
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1. Supplier Information 

Name: Tate & Lyle 
Address: 919 08 Boleraz 114 

Slovakia 
Main Phone: +421 (33) 5561 601 
Main Fax: +421 (33) 5561 602 
www.tateandlyle.com 

2. Emergency Contacts 

During office hours: +421 33 5561 601 
After office hours: +421 33 5561 140 
After Hours Emergency: +421 911 726 366 

3. Product Information 

Common Name: 
Material Number: 
Specification Number: 
CAS Number: 
EINECS Number: 
21 CFR References: 

Maltodextrins 
16100012 
300000000501 
9050-36-6 
232-940-4 

Food Grade: 
Appearance: 
Color: 
Odor: 

4. Regulatory Status 

Yes 
powder 
White To Light Yellow 
Bland 

• This product complies with the requirements of EU Directives and Regulations in force 
on foods and food ingredients. Prospective purchasers are advised to conduct their own 
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tests, studies and regulatory review to determine the fitness of Tate & Lyle products for 
their particular purposes, product claims or specific application. 

5. Ingredient Statement 

Maltodextrin 

6. Quality Documents 

Quality documents (Specification, Technical Data Sheet, MSDS & Nutritional) available upon 
Request. 

7. Kosher/Halal Status 

Certified Kosher: Yes 
Certified Kosher for Passover: No 

The above-mentioned ingredient or its components is certified Kosher by: 
• London Beth Din Kashrut Division (KLBD) 

Certified Halal: Yes 

8. Allergen Status 

If present in this Tate & Lyle ingredient, allergens will be denoted as "Present" in the table 
below: 
Aller en Status 

Absent 

Meaning of Present/Absent/Present-Exempt 
Present - Intentionally added during the production process. 
Absent - Not intentionally added during the production process. 
Present-Exempt - Intentionally added during the production process, however have been given 
exemption from being required to be labeled on the final package. 
MALTOSWEET™ 12A Page 3 of 9 Date of Last Change: 03.06.2015Version 1.10 
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The above list of allergens is in accordance with all applicable EU and US legal requirements. 

Additional allergen information: 
• Although all reasonable care has been taken in managing allergen risk, the above 

statement should not be considered as a guarantee or claim of "free of...". 

9. Sulfur Dioxide and Sulfite Level 

The sulfur dioxide and sulfite level for above-mentioned ingredient or its components is: 

Package Sulfur Dioxide and Sulfite Level 
Bulk, Super Sack < 10 ppm 

10,Gluten Status 

This product is not either originating from gluten containing cereals or not identified as 
containing gluten and complies with the applicable EU and US legal requirements based on 
real-time PCR gluten test methodology. It can be safely used in foodstuffs for people intolerant 
to gluten. 

11. GMO Statement 

Tate & Lyle certifies that the above mentioned product is produced from non GMO sources 
therefore it is not considered to be genetically modified organisms under EC regulations 1829 
and 1830/2003. 

12. Irradiation, ETO and Sewage Sludge 

The above-mentioned ingredient or its components have not been produced and handled with 
the use of: 
1. treatment with ionizing radiation 
2. exposure to ethylene oxide 
3. sewage or sludge. 

MALTOSWEET™ 12A Page 4 of9 Date of Last Change: 03.06.2015 Version 1.10 
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13.Organic Statement 

• Products manufactured at this Tate & Lyle facility are not designated as Organic. 

14. Diet Suitability 

Vegetarian : Suitable 
Vegan : Suitable 
Ova-Vegetarian: Suitable 
Lacto-Vegetarian: Suitable 
Lacto-Ovo-Vegetarian: Suitable 

15.Bovine Spongiform Encephalopathies (BSE) /Transmissible Spongiform 
Encephalopathies (TSE) 

1. This ingredient does not contain ingredients of animal origin. 
2. If processing aids are contained in this ingredient, the processing aids are not derived from 
animal origins. 
3. Prior to the manufacture of this ingredient, no ingredients of animal origin are present in 
equipment. 

16.Sudan I - IV Dyes Content 

• The above-mentioned ingredient or its components do not contain Sudan azo dyes (this 
includes Sudan I, Sudan II , Sudan Ill and Sudan IV, which is also known as scarlet red). 

17.Country of Origin 

The above-mentioned ingredient or its components is manufactured in the following country: 
Slovakia 

18.Shelf Life 

MAL TOSWEET™ 12A Page 5 of 9 Dale of Last Change: 03.06.2015 Version 1.1 0 
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The expected shelf life for the ingredient based on being stored under the proper storage 
conditions: 

Package Shelf Life 
Bulk, Super Sack 730 Days 

19.Transportation Information/Storage Conditions 

Storage Conditions 

Container Storage Storage conditions to achieve maximum 
Temperature shelf life 

Bulk, Super Sack 20 °C Clean, dry area, ambient temperature. 
Away from odorous materials. 

20. Lot Code Explanation 

Batch Numbering Scheme: 

PACKED PRODUCTS 

PPYYM9NNNN 

PP- Plant ID 
YY - Last two digits of the year (2012) 
M - Month (A, B, C, D, E, F, G, H, I, J, K, L for Jan - Dec) 
9NNNN - Plant related sequential number 

Example: KO 12891130 

KO - Plant ID for Tate & Lyle Netherlands 
12 - Last two digits of the year (2012) 
G - Month, July 
91130 - Plant related sequential number 

BULK DELIVERIES 
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PPYYMNNNNN 

PP- Plant ID 
YY - Last two digits of the year (2012) 
M - Month (A, 8 , C, D, E, F, G, H, I, J, K, L for Jan - Dec) 
NNNNN - Plant related sequential number 

Example: KO12G00001 

21. Certificate of Analysis 

• Certificates of Analysis are available by request. 

22.current Good Manufacturing Practices (cGMP) 

• The process used for the production of this product is operated based on Tate & Lyle's 
procedures, quality guidelines, HACCP programs and Good Manufacturing Practices. 
This operation complies with the FDA Good Manufacturing Practices detailed in 21 CFR 
11 0 for Food Manufactures, and those referenced in the European Commission 
Regulation (EC) No. 852/2004 on hygiene of foodstuff. 

23. Guarantee (Continuing) 

• Available upon request. 

24. HACCP/Flowchart 

• Available upon request. 

25.Audit Information 

• Third Party audits are performed annually at Tate & Lyle locations. Information available 
upon request. 
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26. Emergency/Recall Procedures 

• Please be assured that Tate & Lyle has a written Recall Procedure. In the event of an 
actual recall , Tate & Lyle will notify all customers who have receive affected product. 
Mock Recalls are conducted at least annually. 

27. Bioterrorism 

• Tate and Lyle is in compliance with 21 CFR Part 1-Registration of Food Facilities, and 
Maintenance and Inspection of Records for Foods, under Public Health Security and 
Bioterrorism Preparedness and Response Act of 2002. Due to concerns with security, 
our legal department limits giving out the plant number unless there is an imperative 
border crossing issue. 

28. Pest Control 

• Tate & Lyle employs outside contractors to provide routine pest control service. 

29. Pesticides 

• Tate & Lyle has an ongoing pesticide monitoring program. 

30. Proposition 65 

• The State of California enacted the Safe Drinking Water and Toxic Enforcement Act of 
1986 ("Proposition 65"), which "prohibits any person in the course of doing business 
from knowingly and intentionally exposing any individual to a chemical known to the 
State of California to cause cancer or reproductive toxicity without first giving clear and 
reasonable warning to such individuals." In our effort to satisfy the requirements of this 
law, independent laboratory analyses were obtained for those products which we 
manufacture or formulate for sale to you.The results of this analysis confirmed that there 
are no chemicals regulated under Proposition 65, other than naturally occurring 
chemicals, detectable in our products using standard analytical methods. 
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MALTOSWEET™ 12A 
1610001212620,1610001212600, 16100012 

Product Description: This product is a purified spraydried maltodextrin obtained by hydrolysis of 
starch. It is a white to light yellow powder with a moderate sweet taste and typica l odour. This product 
compl ies to the Food Chemical Codex and to the European Pharmacopeia monographs on 
Maltodextrin. 

Appearance: powder 
Color: White To Light Yellow 
Odor: Bland 

Quality Inspection Plan (Official Specification Values) 

Parameter Target Range/ 
Attribute 

Unit Method 

Moisture 0.00- 5.00 % Oven -A0102 (Ref. ISO 
1741) 

DE 11.00 - 14.00 Lane-Eynon - A0201 (Ref. 
ISO 5377) 

Dextrose on DS 1.00 % HPLC - A0210 (Ref. ISO 
10504) 

Maltose on DS 4.00 % HPLC -A0210 (Ref. ISO 
10504) 

Triose on DS 6.00 % HPLC-A0210 (Ref. ISO 
10504) 

Higher sugars on DS 89.00 % HPLC-A0210 (Ref. ISO 
10504) 

S02 <= 10.00 mg/kg Iodine titration - A0901 (Ref. 
CRA E-67/ 

pH 4.00- 5.50 pH - A0922 (Ref. CRA F-42) 
Bulk density compacted 500.0 - 650.0 g/dm3 Gravimetric - A1101 
Bulk density loose 450.0 - 600.0 g/dm3 Gravimetric - A 1101 
Conductivity, 28 Brix <= 100.00 µSiem Conductivity meter - A 1202 
Yeasts <= 50 n/10Q Pour plate - A 1923 
Moulds <= 50 n/10Q Pour plate - A 1923 
Total mesophylic count <= 1000 n/10Q Pour plate - A 1924 
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Product Composition I Labeling 
Maltodextrin 

Regulatory Status 
Compliance Statement: • This product complies with the requirements of EU Directives and 

Regulations in force on foods and food ingredients. Prospective 
purchasers are advised to conduct their own tests, studies and 
regulatory review to determine the fitness of Tate & Lyle products for 
their particular purposes, product claims or specific application . 

Country of Origin 

Country of Manufacture: Slovakia 

Kosher Status 

Certified Kosher: Yes 
Certified Kosher for Passover: No 

The above-mentioned ingredient or its components is certified Kosher by: 
• London Beth Din Kashrut Division (KLBD) 

Halal Status 

Certified Halal: Yes 

Vegetarian Status 

Vegetarian: Suitable 
Vegan: Suitable 
Ova-Vegetarian: Suitable 
Lacto-Vegetarian: Suitable 
Lacto-Ovo-Vegetari an: Suitable 

Presence of Allergens 

. ae d' Ien, a emens w1 d eow.If present m th·IS T t & L.vie I mqre t II ·11 be enoted as "Present m the table b I 
Allergen Status 
Crustacean & Shellfish Absent 
Mollusk Absent 
Fish Absent 
Egg Absent 
Milk (including Lactose) Absent 



TATE ~~~ LYLE 

Peanut & Oils Absent 
Soybean & Oils Absent 
Gluten Containing: Wheat, Rye, Barley, Oats, Spelt, 
Kamut, Triticale 

Absent 

Seeds, Sesame & O ils Absent 
Celerv/Celeriac Absent 
Mustard Absent 
Luoin Absent 
Tree Nuts. Almond Absent 
Tree Nuts. Brazil Absent 
Tree Nuts. Cashew Absent 
Tree Nuts. Chestnut Absent 
Tree Nuts, Coconut and Oils Absent 
Tree Nuts, Hazelnut/ Filbert Absent 
Tree Nuts, Hickory Absent 
Tree Nuts, Macadamia Absent 
Tree Nuts, Pine Absent 
Tree Nuts, Pistachio Absent 
Tree Nuts, Queensland Absent 
Tree Nuts, Walnut Absent 
Buckwheat Absent 
Bee Pollen/ Propolis Absent 
Royal Jelly Absent 
Pork Absent 
Peach Absent 
Tomato Absent 
Sulfur Dioxide and Sulfite > 1O oom Absent 

Meaning of Present/Absent/Present-Exempt 
Present- Intentionally added during the production process. 
Absent - Not intentionally added during the production process. 
Present-Exempt - Intentionally added during the production process, however have been given exemption from 
being required to be labeled on the final package. 

The above list of allergens is in accordance with all applicable EU and US legal requirements. 

Additional allergen information is available in the Product Information Sheet for 
MALTOSWEET™ 12A 

GMO Status 

The above-mentioned ingredient is considered Non-GMO 
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For additional information regarding the GM status of the above-mentioned ingredient, please refer to the 
Product Information Sheet. 

Storage Conditions 

Container 

Bulk, Super Sack 

Storage Temperature 

20 °C 

Storage conditions to achieve maximum 
shelf life 
Clean, dry area, ambient temperature. 
Awav from odorous materials. 

Shelf Life 

Shelf Life Sulfur Dioxide and Sulfite Level 
730 Da s <10 m 

Organic Statement 

Certified for Organic Labeling: No 

For more information please consult the Product Information Sheet for MAL TOSWEET™ 12A 

Nutritional Information 

Nutritional Information Nutrients Per 100 Grams 
Energy 1.615,0000 kj 
Calo ries 380 kcal 
Total Fat Og 
Saturated Fat Og 
Carbohydrate 95g 
Sugars 5,2g 
Protein Og 
Salt Og 

Supplier Information 

Name: Tate & Lyle 
Address: 919 08 Boleraz 114 
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Slovakia 
Main Phone: +421 (33) 5561 601 
Main Fax: +421 (33) 5561 602 
www.tateandlyle.com 

Disclaimer 

THIS INFORMATION IS PROVIDED IN GOOD FAITH AND IS BELIEVED TO BE ACCURATE, BUT IS 
INTENDED FOR INFORMATIONAL PURPOSES ONLY AND NOT AS A RECOMMENDATION OR 
ENDORSEMENT. PRODUCT NAMES ARE NOT NECESSARILY DESCRIPTIVE OR INDICATIVE OF 
COMPOSITION OR FUNCTION. TATE & LYLE CANNOT ANTICIPATE OR CONTROL HOW THIS 
INFORMATION COULD BE USED. THEREFORE, YOU SHOULD NOT RELY ON IT FOR ANY LEGAL 
POSITION OR REGULATORY ASPECT, BUT YOU SHOULD CONDUCT INDEPENDENT INQUIRY, 
RESEARCH, AND TESTING BEFORE USING THE INFORMATION, INCLUDING, WITHOUT LIMITATION, 
THE DESIGNATION OF PRODUCT CLAIMS. TATE & LYLE DISCLAIMS ALL LIABILITY FOR ANY LOSS OR 
DAMAGE, TO THE FULLEST EXTENT PERMITTED BY LAW, INCLUDING LOSSES OR DAMAGES 
CAUSED BY CLAIMS OF INTELLECTUAL PROPERTY INFRINGEMENT. ALL WARRANTIES ARE HEREBY 
DISCLAIMED, INCLUDING THE IMPLIED WARRANTIES OF FITNESS FOR A PARTICULAR PURPOSE 
AND OF MERCHANTABILITY. THIS INFORMATION IS CONFIDENTIAL AND DISCLOSURE OR 
DISTRIBUTION IS PROHIBITED. 
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CERTIFICATE OF CONFORMANCEI OACiAND 
TcCHNli: 
SOURCE DE VIE 

YEAST EXTRACT - 19512 

Origin 
The product is manufactured in European Union. 

The product is of microbial origin and is natural. 

Non G.M.O. Status 
This product does not contain G.M.O. and is in accordance with European Regulations (EC) 1829/2003 and 

1830/2003, regarding G.M.O. content and labelling of such products. 

Non Animal 
This product is 100% from non-animal origin raw materials. As a result we can certify that this product is not 

in the scope of the monograph 1483 of the European Pharmacopoeia current edition regarding TSE/BSE Risk 

assessment. 

Sanitary certificate 
A sanitary certificate is supplied with each delivery. 

Food Grade 
This product is food grade. 

Halal 
This product is certified Halal (certificate available on demand). 

REACH Registration 
This product is registered according to REACH regulation (EC) 1907/2006. 

EC number: 286-294-5 

CAS number: 84604-16-0 

Chemical name : Saccharomyces cerevisiae, ext. 

Submission number: RR922293-15 

Registration number: 01-2119539417-34-0000 

Nanomaterials 
This product does not meet the definition of nanoparticulate substances or the definition of mixtures 

containing substances in the nanoparticulate state (regulations 2015/2283 & 2011/696). 

As a result, we do not have any substance subject to declaration, according to Decree 2012-232. 

The information in this document has been carefu lly compiled to the best ofourknowledge 

ORGANOTECHNIE SAS 

T : 33 (0)1 49 92 87 50 / info@organotechnie.com 

Version 1_ 2018/12 www.organotechnie.com Pagel/ 2 
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CERTIFICATE OF CONFORMANCE OACiAND 
TcCHNlc 
SOURCE DE VIE 

YEAST EXTRACT - 19512 

Packaging 
The packaging materials in contact with this product comply with the following regulations : 

In accordance with Regulation (EC} 1935/2004 regarding materials and articles intended to come into 

contact with food, 
a In accordance with Regulation (EC) 10/2011 regarding plastic materials and articles intended to come into 

contact with food. 

Contaminants 
Residual solvents 
No solvent from class I, II or Ill, as defined in ICH Q3C (RS) guidelines, is used in order to manufacture this 

product. 

Heavy metals 
This product is analysed according to a yearly monitoring plan. The result show compliance with the 

maximum levels set up by European regulation 1881/2006 and 396/2005 eventhough there is no maximum 
level set out for yeast extract. Therefore, to the best of our knowledge, there is no risk associated with heavy 

metals. 

Dioxins 
This product is analysed according to a yearly monitoring plan. The result show compliance with the 
maximum levels set up by Europeean regulation 1881/2006 and 396/2005 eventhough there is no maximum 

level set out for yeast extract. Therefore, to the best of our knowledge, there is no risk associated with 

Pesticides 
This product is analysed according to a yearly monitoring plan. The result show compliance with the 
maximum levels set up by Europeean regulation 1881/2006 and 396/2005 eventhough there is no maximum 

level set out for yeast extract. Therefore, to the best of our knowledge, there is no risk associated with 

pesticides. 

Mycotoxins 
This product is analysed according to a yearly monitoring plan. The result show compliance with the 

maximum levels set up by Europeean regulation 1881/2006 and 396/2005 eventhough there is no maximum 
level set out for yeast extract. Therefore, to the best of our knowledge, there is no risk associated with 

mycotoxins. 

Estelle BOURDIN, Quality Manager 

The information in this document has been carefully compiled to the best ofour knowledge 

ORGANOTECHNIE SAS 

T: 33 (O)l 49 92 87 SO/ info@organotechnie.com 
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E<lition 04/2C~lll 
Replace Ed. 0412005 

Yeast Extract 
19512 

Organotechnie11 S.A.S. 
27. avenue Jean Mermoz
9.l I20 La Courneu, e. France 
Tel : +33 101 I -t9 92 87 ~O 
Fax: +33 i01I4992 87 51

e-mail : info@organotcchnie.com 
web . ww11·.organotechme.com 

Definition 
Yeast Extract is manufactured by autolysis of Sacc.:haromyces cerevisiae. 

Description 
Fine pale-yellow powder easily soluble in water. 
Yeast Extract contains a mix of peptides, frt-e amino acids. purine and pyrimidine bases and 
hydrosoluble vitamins of 8 group. 

Use 
Sourc.-e of organic nitrogen and growth factors recommended in media for: 
- Analytical microbiology 
- Industrial fermentation. 

Physlco-chemical characteristics 

Solubility in waterat5 % Complete 

pH (5 % solution) 6.4- 7.4 

Loss on drying s6.0 % 

Total nitrogen TN 10.0 - 11.8 % 

a-amino nitrogen AN 4.8 - 6.3 % 

ANn'N x 100 41 -60 

Residue on ignition s 18.0 o/c 

Chloride (as NaCl) :$ 1.0% 

Microbiology 

Total aerobic microbial count s 5 000 lg 

Coliforms s 10 /g 

Escherichia coli Absence I g 

Snlmone/la Absence / 25 g 

Staphylococcm aureus Absence/ g 

Yeasts and moulds ,;; 100 /g 



Typical data 

> IO 000 daltons 0 
I 000 - 10 000 daltons 10.7 

500 - l 000 daltons 13.0 

300 - 500 daltons 17.2 

< 300 daltons 59. l 

Average Molecular Weight 4 38 daltons 

Yeast Extract/ 19512 
E~i~vn lW2008 
Replace Ed, 04/2005 

Organotechnle S.A.S. 
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Documentation 
The certificate of analysis and the sanitary certificate are supplied with each delivery. 

Packing and storage 
25 kg net corrugated board box with inner polyethylene bags. 
Keep in original packaging closed when not in use, 
at mom temperature in a dry area. 
Hygroscopic product. 

Best before: 3 years. 

Health and safety Information 
Dusty powder. 
Avoid inhalation. 
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Sigma-Aldrich 

Flavors & Fragrances 
6000 N. Teutonia Avenue 

SIGMA-ALOR/CH• Milwaukee, WI 53209 USA 
Tel. 800-227-45631414-438-2608 

Fax 4 14-438-4216 

Visit us at www.sigma-aldrich.com 

Print this pa~e March 27, 2020 

Fooo GRADE STATEMENT 

W291706 Polysorbate 80-FG 

To the best orourknowledge, this product is manufactured under current Good Manurac1uring Practices 

(cGMP) for food facilities and conforms to Hazard Analysis and Critical Control Points (HACCP) principles. 

The producl is intended for use in manufacturing food and/ordesignated Generally Recognized As Safe 

(GRAS)by: 

E # E 433 

FEMA# 2917 

EU Regulation 133312008 & 178/2002 

FDA21 CFR (172.515) 

FDA 21 CFR (172.836) 

FDA 21 CFR (172.838) 

FDA 21 CFR (172.840) 
FDA 21 CFR (172.842) 

FDA 21 CFR (173.340) 

FDA 21 CFR (175.105) 

FDA 21 CFR (176.180) 
FDA2 1 CFR (178.3400) 

FDA 21 CFR (573.860) 

FDA 21 CFR (73.1) 

FDA 21 CFR (73.1001) 

To the best or our knowledge, this productwas not adulterated or misbranded as defined by the Federal 

Food, Drug, and Cosmetic Act. state, or municipal ordinances in which the definition or adulteration and 

misbranding is substantially the same as defined by the Act. This product is allowed under the provision of 

Section 404 or 505 or the Act, to be introduced into Interstate commerce. 

Sigma-Aldrich warrants that its products conform to the Information C011tained in this and other Sigma­

Aldriell publications. Purchaser must determine the suitability of the product for their partiOJlar use. 

Best Regards, 

Sigma-Aldrich Flavors & Fragrances 

Sigma.Aldrich wan-ants lhat. as af th& above date, this product conformed to the infomiation conlained in lhis publication. For 
further inquJries, ?'ease contact Technical Service. Purchaser rn.1st detelffline the suitability orthe ~roduct for its particular use. 
see s1gm&--aldrn;h.eom. lhe revetS-t side ofinvoice or packing slip for additional tem,s and conditions ofsale. 

S/GMA-AL□FllCH 

https://www.sigmaaldrich.com/industries/ftavors-and-fragrances/promoffcerts/food-grade-continuing-guarantee.html?Productld=200192 1/1 
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Sigma-Aldrich 
Flavors & Fragrances 

6000 N. Teutonia Avenue 

SIGMA-ALDRICH' Milwaukee, Vv'I 53209 USA 

Tel. 800-227-4563 I 414-438-2608 
Fax 414-438-4216 

Visit us at www.sigma-aldrich.com 

Print this page March 27, 2020 

FOOD ALLl!RGl!N STATl!Ml!NT 

W291706 Polysorbate 80-FG 

To the best or our knowledge, this product does not contain nor is derived rrom any food allergens. 
including: 

Buckwheat • Sesame seeds 
Celery • Soybeans 
Crustaceans I Shellfish • Sulfur dioxide& Sulfites 

• Egg • Tree nuts1 

, Fish & Fish products including Roe • \llhleat and other Cereals oontaining gluten2 

Lupine, legumes/pufses, carrot • Coriander/Cilantro 
Milk including lactose • Glutamate 
Mollusc • Maize 
Mustard • Netural Rubber latex 
Peanuts 

1Tree nuts include: almonds, brazil nuts, cashews. coconuts chest nuts, hazernuts, mecadamia or Queensland nuts., pecan 
nuts, pine nuts, pistachio nul.S, walnuts 
2c ereals =taining gluten include: v.t>eat, e,e, barley, oats. spelt, kamut or their hybrfm>ed strains 

Best Regards. 

Sigma-Aldrich Flavors & Fragrances 

Sigma-AJdridl warrants that, n ofthe above date, tms product confarmed to the infonnation contained in this publication. For 
furtherinquiries, pltase contact Technical Service. Purehaser rrwS1 determne the suitability of the product ror it5 particularuse. See 
s;gma-aldrich.com. the reverse side of invoice or pa'Cking slip for additiooal terms end conditions of sale. 

SIGMA•ALDR/CH' 

https://www.sigmaaldrich.com/industries/ff avors-and-fragrances/promoffcerts/allergenn.html?Productld=200192 1/1 
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Sigma-Aldrich 
Flavors & Fragrances 

6000 N. Teutonia Avenue 

SIGMA-ALDRICH' Milwaukee. WI 53209 USA 
Tel. 800-227-4563 / 414-43B-2608 

Fax414-4~216 
Visit us al www.sigma-aldridl.com 

Print this page March 27, 2020 

FOOD ALLERGEN STATEM E NT 

W302406 Sodium Acetate Anhydrous->99%, FCC, FG 

To lhe best ofour knowledge, this product does not contain nor is derived from any food allergens, 
including: 

• 8lJCl<Y,!\eat • Sesame seeds 
• Celery Soybeans 
• Crustaceans/ Shellfish , Sulfur ~oxide & Suffites 
• Egg Tree nuts1 

Fish & Fish products including Roe , lMieal and O!herCereals oontaining gluten' 
Lupine, legumes/pulses, carrot • Coriander / Cilantro 
Milk including Lactose Glutamate 
Mollusc Maize 

• MuS1ard , Natural Rubber latex 
Peanuts 

1Tree nuts incfudtt: almonds, br'azil nuts, calhews. coconut& c:hHt nuts, hazelnuts, macadam/a or Queensland nw, pecan 
nuts, pine nuts. P'staehio nuts. IA'llnut.s 
2cereals eontail'llng gluten indude: ""'fleat. rye, barley, oats, spelt. kamut or theif hybodzed strainl 

Best Regards, 

Sigma-Aldrich Flavors & Fragrances 

Si~a-Aldrlch warrants that, as of Ule above date, this product confanned 10 the information contained in thi.i publication. For 
further Inquiries, please contacl Teehnical service. Purchaser must determine t~e S\Jitabil[ty ofthe product forits partiwlar use. See 
sigma-,aldrich.eom, the reverse side of invoice orpacking slip for additlonal terms and conditions ot sale. 

SIGMA-ALDRICH 

https:/twww.sigmaaldrich.com/industries/flavors-and-fragrances/promoffcerts/allergenn.html?Productld=228889 1/1 



27/03/2020 Food Grade Statement I Sigma-Aldrich 

Sigma-Aldrich 
Flavors & Fragrances 

6000 N. Teutonia Avenue 

SIGMA-ALDRICI-I' Milwaukee. WI 53209 USA 
Tel. 800-227-4563 / 414-438-2608 

Fax 414-438-4216 
Visit us at www.sigma-aldrieh.com 

Print this page March 27, 2020 

FOOi> GRADE STATEMENT 

W302406 Sodium Acetate Anhydrous->99%, FCC, FG 

To the best ofourknowledge, thisproduct is manufactured under current Good Manufacturing Practices 
(cGMP) for food facil~ies and conforms to Hazard Analysis and Critical Control Points (HACCP) principles. 
The product is intended for use in manufacturing food and/or designated Generally Recognized As Safe 
(GRAS)by: 

E # E 262 
FEMA#3024 
EU Regulation 1223/2009 
EU Regulation 1333/2008 & 178/2002 
FCC 
FDA 21 CFR (150.141) 
FDA 21 CFR (150.161) 
FDA 21 CFR (173.310) 
FDA 21 CFR (182.70) 
FDA 21 CFR (184.7121) 

To the best of our knowledge, this product was not adulterated ormisbranded as defined by the Federal 
Food, Drug, and Cosmetic Act, state, or municipal ordinances in whieh the definition ofadulteration and 
misbranding is substantially the same as defined by the Act. This product is allowed under the provision of 

Section 404 or 505 or the Act, to be introduced into interstate commerce. 

Sigma-Aldrich warrants that its producls conform to the information contained in this and other Sigma­
Aldrich publications. Purchaser must determine the suitability of the product for their particular use. 

Best Regards, 

Sigma-Aldrich Flavors & Fragrances 

Sigma-Atdrich warrants that, as ol the above dale, this product conform&d to the information oontsined in lhis publiCBtion. For 
flJnherlnqulrtes, please cont•ct Teclw11cal Sffiice. Purchasermstdetermne the 5"1lobll/tyofthe product for Its panlcular use. 
See s gma-«1ldnch.con\ the reverse side ofinvoice or packing sl?p for additional temis and conditions of sa!e. 

SIGMA-ALDRICH" 

https://www.sigmaaldrich.com/industries/flavors-and-fragrances/promoffcerts/food-grade-continuingiJUarantee.html?Productld=228889 1/1 
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@@@lJ Laboratories 

9770 ROUTE TRANSCANAOIENNE 
ST.LAURENT.QUEBEC 

CANADA H4S 1V9 
TEL (514)337-1000
FAA (514)333-3046 

http:llwww.agatJabs.com 

CLIENT NAME: LABORATOIRE INNOOAL 
5-835 AVE DES JESUITES 
QUEBEC CITY, QC G1S 3N2 
514-916-3176 

ATTENTION TO: Ariane Renaud 

PROJECT: Analyse BacM35 

AGATWORK ORDER: 20M581278 

FOOD CHEMISTRY REVIEWED BY: Olivier Lachance, Method Development Supervisor 

MICROBIOLOGY ANALYSIS REVIEWED BY: Samara Brookman, Lab Manager 

SOIL ANALYSIS REVIEWED BY: Amar Bellahsene, Chimiste 

DATE REPORTED: Mar 17, 2020 

PAGES (INCLUDING COVER): 8 

VERSION*: 2 

Should you require any information regarding this analysis please contact your client services representative at (514) 337-1000 

~ 
VERSION 2:prelim inary senl 2020/03/10 

Discl8imer: 
All worl< conducted herein has been done using accepted standard protocols, and generally accepted practices and methods. AGAT test methods may 
incorporate modifications from the specified reference methods to improve performance. 
All samples will be disposed ofwithin 30days foNowir>g analysis, unless expressly i:Jgreed otherwise in writing. Please contact your Cli~nt Project 
Manager ifyou require additional sample storage lime. 
AGA T's liability in connection with any delay, pelformance ornon-pelformsnce of these services is only to the Client and cfoes not extend to any other 
third party. Unless expressly agreed otherwise in writing, AGAT's liabilityis limited to the actual cost of the spe,;ific; <1nalysis oranalyses included in the 
services. 

• This report shalf not be reproduced or distributed, in whole or in part, without the prior written consent ofAGAT Laborstories. 
The test results reported herewffh relate only to the samples es received by the laboratory. 

• Application of guide~nes is provided •as is' without wa"anty ofany kind. eitherexpressed or implied, including. but not limited to. wa"anties of 
merchantability, fitness for aparticular purpose, or non-infringement. AGAT assumes no responsibility for any errors or omissions in the information 
contained in thi.s document. 
All retJOrtabfe information as specified by /SOI/EC 17025:2017 is available from AGAT Laboratories upon request. 

flGflT Laboratories (V2) Page 1 ot8 



{?J@{?Jlf Laboratories 
Certificate of Analysis 
AGATWORK ORDER: 20M581278 
PROJECT: Analyse BacM35 

9770 ROUTE TRANSCANAOIENNE 
ST. LAURENT, QUEBEC 

CANADA H4S 1 V9 
TEL (514)337-1000
FAX (514)333-3046 

http1fwvtw.agatlsbs.com 
CLIENT NAME: LABORATOIRE INNODAL ATTENTION TO: Ariane Renaud 

SAMPLED BY:Torny Faubert SAMPLING SITE:Divers,Divers 

DATE RECEIVED: 2020-03-05 

Parameter Unit G/S RDL 1004664 1004665 992909 
<0.1 Arsenic (Food) ppm 0.1 <0.1 <0.1 

Cadmium (Food} ppm 0.1 <0,1 <0.1 <0.1 

Lead (FoOd) ppm 0.1 <0.1 <0.1 <0.1 

SAMPLE DESCRIPTION: 01082018 (213) 

SAMPLE TYPE: Food 

DATE SAMPLED: 

Metals 

02112017 (313) 20022020 (113) 

Food Food 

DATE REPORTED: 2020-03-17 

Comments: RDL - Reported Detection Limij; G / S - Guideline I Standard 

Certified By: 
AGAT Laboratories' procedure for signab.Jros and •ignato<iH adhere• strictly to tho roquiremonts of acc:r<><fiation ISO 17025:20-05 •• required by CALA, sec and MOOELCC wheio applicable. All electronic :ignollM'es on AGAT c:er11ficatas are pa$$W<ll'd protceled a-,d all 
signalories meet !heir regional and S<:Ope ofaccreditation requirements and are approved by CALA. sec and MDOELCC. 

flC!AT CERTIFICATE OF ANALYSIS (V2) Page 2 of8 
This version replaces and cancels all previous versions, If app/iC8ble. Reprodur:lion ofthis document isprohibited, in whole orpart, unless autnorised in wnbng by the laboratoq. The results relate only to the samples analyzed. Res11/ls apply to 

s~mp.'&s as receiverJ 



@@@'iJ Laboratories 
Certificate of Analysis 
AGAT WORK ORDER: 20M581278 
PROJECT: Analyse BacM35 

9770 ROUTE TRANSCANAOIENNE 
ST. LAURENT, QUEBEC 

CANADA H4S 1V9 
TEL (514)337-1000
FAX (514)333-3046

http:/twww.agallabs.com 

CLIENT NAME: LABORATOIRE INNODAL ATTENTION TO: Ariane Renaud 

SAMPLED BY:Tomy Faubert SAMPLING SITE:Divers,Divers 

Food Microbiology 

DATE RECEIVED: 2020-03-05 DATE REPORTED: 2020-03-17 

SAMPLE DESCRIPTION: 01082018 (2/3) 0 2112017 (3/3) 20022020 (1/3) 

SAMPLE TYPE: Food Food Food 
DATE SAMPLED: 

Parameter Unit GIS RDL 1004664 100464l5 992909 

Aerobic Bacteria Count - Food CFU/g 5 27 000 000 52 000 000 >300 000 000 E 

h'east count - Food CFU/g 20 <20 <20 <20 

Mold count (Food) CFU/g 20 20E <20 <20 

Staphylococcus aureus • Food CFU/g 25 <25 <25 <25 

Enterotlacteria 3M • Food CFU/g 10 <10 <10 <10 

Salmonella Detection by MDS • Food /25g NA Not detected Not detected Not detected 

Listeria monocytogenes by MOS -
Food /259 NA Not detected Not detected Not detected 

E.coli 0157 by MOS - Food /259 NA Not detected Not detected Not detected 

Temperature upon receipt ·c NIA Ambient Ambient Ambient 

. . 
Comments: RDL - Reported Detection Limij; G / S - Guideline/ Standard 
1004664 Results are preliminary and sut>ject to change if they are not certified. 

The laboratory is not accredited for the parameters with an asterisk. 
E: Estimated result 

1004665 Results are preliminary and subject to change if they are not certified. 
The laboratory is not accredited for the parameters with an asterisk. 

992909 Results are preliminary and subject to change if they are not certified. 
The laboratory is not accredited for the parameters with an asterisk. 
E: Estimated result 

Certified By: 
AGAT LabOralories' procadure for signatures and signatories adteres strictly to the requilementsof aocredilation ISO 17025:2005 as req.,ire<l by CAL.A. sec end MOOELCC where applicable. All electronic signatures on /ll?,AT certificates an, password protected •nd a11 
signatories meet lleir regional end scopeof accreditation requirements and are app10wd by CALA, sec and MODELCC. 

flCJAT CERTIFICATE OF ANALYSIS (V2) Page 3 ofB 
This version replaces and cancels au previous ver..ions, if applicable. Reproduction of this doa,ment is prohibited, In whole orpart, unless authorised In wtiling by tt,e laboratory. The results relate only to the samples analyzed. Results apply to 

samples as received 
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9770 ROUTE TRANSCANADIENNE 
ST. LAURENT, QUEBEC 

CANADA H4S 1V9 
TEL (514)337-1000 
FAX (51 4)333-3046 

http://www.agatlabs.com 

Certificate of Analysis
AGAT WORK ORDER: 20M581278 
PROJECT: Analyse BacM35 

CLIENT NAME: LABORATOIRE INNODAL ATTENTION TO: Ariane Renaud 

SAMPLED BY:Tomy Faubert SAMPLING SITE:Divers,Divers 

Total Extractable metals 

DATE RECEIVED: 2020-03-05 DATE REPORTED: 2020-03-17 

SAMPLE DESCRIPTION: 01082018 (213) 02112017 (313) 20022020 (1/3) 

SAMPLE TYPE: Food Food Food 
DATE SAMPLED: 

Parameter Unit G/S RDL 1004664 1004665 992909 
Mercury mg/kg 0.2 <0.2 <0.2 <0.2 

Comments: RDL • Reported Detection Limit; G / S - Guideline / Standard 

Certified By: 
AGAT Laboratories' procedln! for signatures and slgna!orles adheres slricUy to Ille requirements of accreditatioo ISO 17025:2005 as requir"d by CALA. SCC and MODELCC whore applicable. All electronic signatures on AGAT certificates are password protecied and ell 
signatories meet (heir regi<nal and scope ofacaedilation requifame111s and are approved by CALA. sec and MDDELCC. 

flCIAT CERTIFICATE OF ANALYSIS (V2) Page 4 of8 
This version replaces end cancels all previous versions, if applicable. Reprodur;tion of this document is prohrblted, in whole orpart, unless authorised mwriting by the laboratory. The results relate only to the samples analyzed, Results apply to 

semples os received 



@~@'iJ Laboratories 

9770 ROUTE TRANSCANAOIENNE 
ST. LAURENT.QUEBEC 

CANADA H4S 1V9 
TEL (514)337-1000
FAX (514)333-3046 

http://www.agatlabs.oom 

Quality Assurance 
CLIENT NAME: LABORATOIRE INNODAL AGA T WORK ORDER: 20MS81278 

PROJECT: Analyse BacM35 ATTENTION TO: Ariane Renaud 

SAMPLED BY:Tomy Faubert SAMPLING SITE:Divers,Divers 

Food Chemistry Analysis 
RPT Date: 2020-03-17 DUPLICATI; REFERENCE MATERIAL MElHOO BLANK SPIKE MATRIX SPIKE 

PARAMETER Batch Sample 
Id Oup#1 Oup#2 RPO Method 

Blank 
Measure 
d Value 

Acceptable 
Limits Recovery 

Acceptable 
Limits Recovery 

Acceptable 
Limits 

Lower! Upper lowerIUpper Lower! Upper 

Metals 
Arsenic (Food) 310 NA < 0.1 < 0.1 0.0% < 0.1 99% 80% 120% 109% 80% 120% 109% 80% 120% 

Cadmium (Food) 310 NA < 0.1 < 0.1 0.0% < 0.1 96% 80% 120% 104% 80% 120% 108% 80% 120% 

Lead (Food) 310 NA < 0.1 < 0.1 0.0% < 0.1 92% 80% 120% 104% 80% 120% 110% 80% 120% 

Certified By: 
AGAT Laboratories·proced\.re for silll18tures and si111atones adheres strictly to the '8QtJirnments of acctedttation ISO 17025:2000 as re<iuired by CALA. secand MDOELCC where SPPl~ble. All 
electronic signatures onAGAT certificales are password protected and all signatories meet their regional and scope of accreditaf0<1 requirements aoo are approved by CALA, SCC and MODELCC. 
RPOs calculated using raw data. The RPO may not be red'lective ol duplicate values shown. due to rounding of fina resutts. 

fll<lf\WT QUALITY ASSURANCE REPORT (V2) Page 5 of8 

This version replaces and cancels all previous versions, if applicable. ReproducUon of th.'s document is prohibited. in whole or Pllrl, unless 8uthorised in writing IY1 the laboratory. The 
resulls relate only to the samples analyzed Rew/ts apply to samples as re~ived. 
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9770 ROUTE TRANSCANADIENNE 
ST. LAURENT,QUEBEC 

CANADA H4S 1 V9 
TEL (514)337-1000 
FAX (514)33~3046 

nnp11WWW.agat1a1>s.oom 

Quality Assurance 
CLIENT NAME: LABORATOIRE INNODAL AGAT WORK ORDER: 20M581278 

PROJECT: Analyse BacM35 ATTENTION TO: Ariane Renaud 

SAMPLED BY:Tomy Faubert SAMPLING SITE:Divers,Divers 

Soil Analysis 
RPl Dale: 2020-43-17 DUPLICATE REFERENCE MATERIAL MElHOD BLANK SPIKE MATRIX SPIKE 

PARAMETER Batch 
Sample 

Id Dup#1 Dup#2 RPO Method 
Blank 

Measure 
d Value 

Acceptable 
Limits Recovery 

Acceptable 
Umits Recovery 

Acceptable 
Limits 

LowerIUpper Lowerj Upper Lower! Upper 

Total Extractable metals 
Mercury 1010027 < 0.2 c 0.2 0.0% c 0 .2 103¾ 70% 130% 82% 80% 120% 97% 70% 130% 

Certified By: 
AGAT Lal>oralones· proce<lM'e for signati.res and slgna:ories adheres stricly to the requirements d. accreditation ISO 17025:2005 a. re<µred by CALA. sec and M0OELCC whe<e applicable. All 
elearonic slgnatwes on AGAT oertificates are passwonl pro18Cteo ano all signa:ortes meet !heir regional aM scx:ipe Of accre<111auonrequrements and are appro,w oy CAI.A, sec ano MDOELCC. 
RPDs calculated using raw dala The RPO may not be reflective of duplicale valUes shown. ~e 10 rounding of firal resufts. 

fl<lflT QUALITY ASSURANCE REPORT (V2) Page 6 of8 
This vers,on repl11ces 11nd cancels sU previous versions, ifapplicable. Reproduction of ltlls document Is prohibited, In whde orpart, unless 11uthonsed m wnting by the laboratory. The 

results 1e/11te onty to the samples s111,tyzec1. Resuns apply ro samples as received 
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9770 ROUTE TRANSCANADIENNE 
ST.LAURENT.QUEBEC 

CANADA H4S 1V9 
TEL (514)337-1000
FAX (514)333-3046 

http1twv.w.agatlabs.com 

Method Summary 
CLIENT NAME: LABORATOIRE INNODAL AGAT WORK ORDER: 20M581278 

PROJECT: Analyse BacM35 ATTENTION TO: Ariane Renaud 

SAMPLED BY:Tomy Faubert SAMPLING SITE:Diveni,Divers 

PARAMETER I DATE I DATE 
PREPARED ANALYZED AGATS.O.P l LITERATURE 

REFERENCE I 
ANALYTICAL 
TECHNIQUE 

Food Chemistry Analysis 

Arsen ic (Food) 2020-03-10 2020-03-12 FC-102-15012F AOAC 985-01: 
MET-101-61D7F 

JCP/OES 

Cadmium (Food) 2020-03-10 2020-03-12 FC-102-15012F 
AOAC 985-01; 
MET-101-6107F ICP/OES 

Lead (Food) 2020-03-10 2020-03-12 FC-102-15012F 
AOAC 985-01 : 
MET-101-61D7F 

ICP/OES 

Microbiology Analysis 
Aerobic Bacteria Count - Food 2020-03-09 2020-03-09 MFHPB-18 INCORPORATION 

Yeast count-Food 2020-03-05 2020-03-09 MFHPB-22 SPREAD PLATE 

Mold count (Food) 2020-03-05 2020-03-09 MFHPB-22 SPREAD PLATE 

Staphylococcus aureus • Food 2020-03-05 2020-03·09 MFHPB-21 SPREAD PLATE 

Salmonella Detection by MOS - Food 2020-03-05 2020-03-00 MFLP-06 SELECTIVE ENR. 

Enterobacteria 3M - Food 2020-03-05 2020-03,09 MFLP-09 SPREAD PLATE 

Listeria monocytogenes by MOS - Food 2020-03-05 2020-03-09 MFLP-72 SELECTIVE ENR. 

E.coli 0157 by MOS - Food 2020-03-05 2020-03-09 MFLP-73 SELECTIVE ENR. 

Temperature upon receipt 2020-03-05 2020-03,05 N/A N/A 
Soil Analysis 
Mercury 2020-03-12 2020-03-12 MET-101-6102F MA 200 Hg 1.1 COMBUSTION 

fll<lf'WT METHOD SUMMARY {V2) Page 7 of 8 
This vers,on replaces and cancels all pre\/ious versions. If apDficab/e. ReproducUon of this document is prohibited. in whole orpart. unless authorised in writing by the lsboratoty. The 

results relate only to the sam;:les analyzed Results apply to samples as received. 
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innocuity • naturally 

Strain information 
Carnobacterium divergens M35 

Identification Based on morphological characteristics, carbohydrate fermentation profile 
{APISOCH) and genetic identification of 16SrRNA. 

Isolation source Smoked mussels from Quebec, Canada. 

Colony morphology 1mm to 1.5 mm round white colonies. Convex shape, smooth surface and soft 
consistency (after 2 days on STYA media a30°C aerobic incubation). 

Cell morphology Short rods, non motile, non spore-forming. Single or in short chain. 

Gram stain Positive 

Catalase reaction Negative 

Carbohydrate 
fermentation profile 

APISOCH 

Growth temperature 5°C to 37°C, optimal at 30°C 

Acid type production L-lactic acid 

GMO status No genetic modifications were made to this strain. 

Plasmid identification None identified 

Safety of strain Level 1 microorganism. Safety Assessment by Health Canada (Notice No. 
NOP/AVP-0018) for use in smoked salmon and smoked trout. 

Cultivation method STYA orTBSYE media, aerobic incubation at 30°C. 

Long term storage STYA or TSBYE media supplemented with 20% glycerol stored at -80°C. 

Legal affiliat.ions Strain was filed at the International Depository Authority of canada in 
Winnipeg, Manitoba, under the number ADI 050404-01. Patent application 
number CA2507566A1 (Carnobacterium divergens M35 and bacteriocin 
produced therefrom). 

Version 01-02-2020 Page 1 of 1 



innocuity · naturally 

Product Information 
BacM35 

Description 

BacM35 is a dried culture for cold-smoked sa lmon, cold-smoked trout and fresh tuna. Its application 
can inhibit the growth of Listeria monocytogenes for a period of 14 days at 4°C. The culture survives 
well at low temperature such as 4°C and can tolerate multiple freeze-thaw cycles. 

Composition 

Viable Carnobacterium divergens cells and fermentation metabolites. 

Application 
Usage: Recommended for cold-smoked salmon, cold-smoked trout vacuumed-packed and 

fresh tuna. Works on fresh and frozen product. 
Dosage: Recommended dosage is 105 7 viable cells per gram of fish. Culture works best by 

spraying onto the product. Please contact us for specific information. 

Physical Appearance 

Free flowing powder, pale yellow color. Soluble in water. 

Packaging 

Material: BOPA/PE (Polyethylene) 
Size: 500g 
Type: Vacuumed-packed pouches. 

Storage and Handling 
Keep at 4.0 ± 1.0 •c in a dark dry place. 

Shelf Life 
12 months if stored in recommended conditions 

Dietary Information 

Kosher: Yes. Approved by the Kashruth Council of Canada 

Halal: No 

GMO Status 

BacM35 does not contain GMOs and is not composed of genetically modified raw material. 

version 1_06-02-2020 Page 1 of 1 
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Product Specification Sheet 
BacM35 Batch No. 01082018 

Product Description 

BacM35 is a dried culture for cold-smoked salmon, cold-smoked t rout and fresh tuna. Its application 
can inhibit the growth of Listeria monocytogenes for a period of 14 days at 4°C. The culture survives 
well at low temperatures such as 4°C and can tolerate mult iple freeze-thaw cycles. 

Appearance 

Free flowing yellow powder. Do not inha le. 

Ingredients 

Food grade fermentation metabolites and viable Carnobocterium divergens cells. 

Country of Origin 
Canada 

Presence of Allergens 

To the best of our knowledge, this product does not contain nor is derived from any food 
containing allergens. 

Version 1_07-02-2020 Page 1 of 2 



Microbiological Contaminants 

Microorganisms Detection Status 

Yeast and Moulds 20 E 

Staphylococcus aureus < 20 cfu/g 

Enterobacteria < 10 cfu/g 

Salmonella spp. Absent {not detected) 

Listeria monocytogenes Absent (not detected) 

Escherichia coli O157:H7 Absent (not detected) 

Heavy metal 
This product does not contain any heavy metals (As, Cd, Pb, Hg) . 

Food Grade Statement 

This product is manufactured under current Good Manufacturing Practices (cGMP). To the best of our 
knowledge this product is food grade and is only made with food grade ingredients. 

GMO Status 

BacM35 does not contain GMOs and is not composed of genetically modified raw material. 

Manufacturer's Information 

Laboratoire lnnodal 
201 Monseigneur Bourget 
Levis,Qc, Canada 
GGV 6Z3 
info@innodal.com 

Fire and Explosion Hazards Data 
Not flammable 

Reactivity Data 

Unstable? No181 Yes D 

Version 1_07-02-2020 Page 2 of2 



innocuity • naturally 

Product Specification Sheet 
BacM35 Batch No. 02112017 

Product Description 
BacM35 is a dried culture for cold-smoked salmon, cold-smoked trout and fresh tuna. Its application 
can inhibit the growth of Listeria monocytogenes for a period of 14 days at 4•c. The culture survives 
well at low temperatures such as 4°C and can tolerate multiple freeze-thaw cycles. 

Appearance 
Free flowing yellow powder. Do not inhale. 

Ingredients 
Food grade fermentation metabolites and viable Carnobacterium divergens cells. 

Country of Origin 
Canada 

Presence of Allergens 
To the best of our knowledge, this product does not contain nor is derived from any food containing 
allergens. 

Version 1_07-02-2020 Page 1 of 2 



Microbiological Contaminants 

Microorganisms Detection Status 

Yeast and Moulds < 20 cfu/g 
Staphylococcus aureus < 20 cfu/g 
Entero bacteria < 10 cfu/g 
Salmonella spp. Absent (not detected) 

Listeria monocytogenes Absent (not detected) 

Escherichia coli 0157:Hl Absent (not detected) 

Heavy metal 
This product does not contain any heavy metals (As, Cd, Pb, Hg). 

Food Grade Statement 
This product is manufactured under current Good Manufacturing Practices (cGMP). To the best of our 
knowledge this product is food grade and is only made with food grade ingredients. 

GMO Status 
BacM35 does not contain GM Os and is not composed of genetically modified raw material. 

Manufacturer's Information 
Laboratoire lnnodal 
201 Monseigneur Bourget 
Levis,Qc, Canada 
G6V 6Z3 
info@innodal.com 

Fire and Explosion Hazards Data 
Not flammable 

Reactivity Data 

Unstable? No~ Yes □ 
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Product Specification Sheet 
BacM35 Batch No. 20022020 

Product Description 
BacM35 is a dried culture for cold-smoked salmon, cold-smoked t rout and fresh tuna. Its application 
can inhibit the growth of listeria monocytogenes for a period of 14 days at 4°C. The culture survives 
well at low temperatures such as 4°C and can tolerate multiple freeze-thaw cycles. 

Appearance 
Free flowing yellow powder. Do not inhale. 

Ingredients 
Food grade fermentation metabolites and viable Carnobacterium divergens cells. 

Country of Origin 
Canada 

Presence of Allergens 
To the best of our knowledge, this product does not contain nor is derived from any food containing 
allergens. 

Version 1_07-02-2020 Page 1 of 2 



Microbiological Contaminants 

Microorganisms Detection Status 
Yeast and Moulds < 20 cfu/g 
Staphylococcus aureus < 20 cfu/g 
Enterobacteria < 10 cfu/g 

Salmonella spp. Absent (not detected) 

Listeria monocytogenes Absent (not detected) 

Escherichia coli O157:H7 Absent (not detected) 

Heavy metal 
This product does not contain any heavy metals (As, Cd, Pb, Hg). 

Food Grade Statement 
This product is manufactured under current Good Manufacturing Practices (cGMP). To the best of our 
knowledge this product is food grade and is only made with food grade ingredients. 

GMO Status 
BacM35 does not contain GMOs and is not composed of genetically modified raw material. 

Manufacturer's Information 
Laboratoire lnnodal 
201 Monseigneur Bourget 
Levis,Qc, Canada 
GGV 623 
info@innodal.com 

Fire and Explosion Hazards Data 
Not flammable 

Reactivity Data 

Unstable? Nol&l Yes □ 
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Health Santa Your health and Votre sante et votre -l♦I Canada canada safety. .. ourpriority. securite ... notre priorite. 

Health Canada's Proposal to Enable the Use of a New Food 
Additive, Carnobacterium divergens M35, as an 
Antimicrobial Preservative in Sliced Ready-to-Eat Cold­
Smoked Salmon and Sliced Ready-to-Eat Cold-Smoked 
Trout 
Notice of Proposal - Lists ofPermitted Food Additives 

Reference Number: [NOP/AVP-0018] 

June 07, 2016 

Canada 



Health Canada's Proposal to Enable the Use ofa New Food Additive. Camobacterium dfrergens M35, as an 
Antimicrobial Preservathe in Sliced Ready-to-Eat Cold-Smoked Salmon and Sliced Ready-to-Eat Cold-Smoked Trout 

Summary 

Food additives are regulated in Canada under Marketin!!. Authorizations (MAs) issued by the 
Minister of Health and the Food andDrug Regulations. Approved food additives and their 
pennitted conditions ofuse are set out in the Lists o/ Permitted food Additives that are 
incorporated by reference in the MAs and published on Health Canada's website. A petitioner 
can request that Health Canada approve a new additive or a new condition of use for an already 
approved food additive by filing a food additive submission with the Department's Food 
Directorate. Health Canada uses this premarket approval process to determine whether the 
scientific data support the safety of food additives when used under specified conditions in foods 
sold in Canada. 

Health Canada received a food additive submission seeking approval for the use ofa live culture 
preparation ofthe bacterium Carnobacterium divergens M35 to limit or inhibit the growth ofthe 
foodbome pathogen Listeria monocytogenes on sliced ready-to-eat cold-smoked salmon and 
sliced ready-to-eat cold-smoked trout. 

Marine food products in general can be susceptible to the growth ofseveral pathogens, and fish 
can provide an environment for the growth ofthe pathogen L. monocytogenes. This bacterium is 
capable of surviving the cold-smoking process that is used to make ready-to-eat cold-smoked 
fish products and it can grow at refrigeration temperatures. As a result, sliced ready-to-eat cold­
smoked salmon and trout, which are sold refrigerated, are food products that could potentially 
harbour L. monocytogenes. 

Certain bacteria produce antimicrobial peptides (proteins) known as bacteriocins. 
Carnobacterium divergens M35 produces divergicin M35, which is a bacteriocin to which 
L. monocytogenes is susceptible. 

The C. divergens M35 product that is proposed for use on sliced ready-to-eat cold-smoked 
salmon and trout is a suspension, in water, of live C. divergens M35 cells and the fermentation 
medium containing divergicin M35. The petitioner who filed the food additive submission 
indicated that in order for it to be effective as an antimicrobial treatment, the culture of 
C. divergens M35 must be applied to the sliced ready-to-eat cold-smoked salmon or trout and 
allowed to grow and produce its bacteriocin in situ. The aqueous suspension can be sprayed onto 
cold-smoked salmon or trout by the cold-smoked fish manufacturer prior to packaging of the 
sliced products. 

The results ofHealth Canada's evaluation ofavailable scientific data support the safety and 
efficacy ofC. divergens M35 when used as requested by the petitioner. Therefore, it is the 
intention ofHealth Canada to modify the List of Permitted Preservatives by adding the following 
entry to the list: 

Bureau ofChemical Safety, Food Directorate. Health Products and Food Branch 



! Item-
I No. 
I 

~ol~~~-1 
Additive 

, Column 2 , Column 3 
I 

1 Permitted in or upon I Maximum Level of Use and 
i Other Conditions 

~ --
C.IA Carnobacterium -I-Good-----Sliced ready-to-eat 

divergens M35 cold-smoked Manufacturing 
salmon; Sliced ready-to-eat Practice 
cold-smoked trout 

Health Canada's Proposal to Enable the Use of a New Food Additin, Carnobacterium divergens M35, as an 
Antimicrobial Preservative in Sliced Ready-to-Eat Cold-Smoked Salmon and Sliced Ready-to-Eat Cold-Smoked Trout 

Proposed Modification to Part 2 of the List ofPermitted Preservatives 

Rationale 

Health Canada's Food Directorate completed a premarket safety and efficacy assessment of the 
bacterium C. divergens M35. The assessment considered microbiological, toxicological, 
chemical and technical aspects relevant to C. divergens M35 when used as described above. 

C. divergens M35 is a lactic acid bacterium. Lactic acid bacteria have a long history of food use 
and they do not pose a health risk to the general population. Carnobacterium divergens species 
are found naturally in the environment and have been isolated from dairy, meat, and fish 
products. Carnobacterium divergens M35 was isolated from mussels. 

Bacteriocins produced by lactic acid bacteria are likely already consumed as part of a normal 
diet. Since they are easily broken down by proteolytic enzymes in the human gastrointestinal 
tract, and the resulting single amino acids would be normal dietary constituents, they do not pose 
a food safety concern. 

Carnobacterium species are known to produce biogenic amines. From a food safety perspective, 
histamine and tyramine are probably the two most important biogenic amines of bacterial origin 
in food. The potential production of biogenic amines by C. divergens M35 when used as a food 
additive was assessed. Only tyramine showed a potential to increase over time. However, the 
levels of tyramine observed over the shelf-life of fish products treated with C. divergens M35 
were well below levels found in many commonly consumed foods, such as cheddar cheese, beer, 
and aged chicken livers. 

The food additive submission included efficacy data demonstrating that sliced ready-to-eat cold­
smoked salmon treated with a C. divergens M35 preparation did not support the growth of 
L. monocytogenes during the food product's intended shelf-life, whereas growth of this pathogen 
increased during the shelf-life of untreated controls. The efficacy data provided were judged 
acceptable for sliced ready-to-eat cold smoked trout as well. 

Based on the results of the premarket evaluation, Health Canada's Food Directorate considers 
that the data support the safety and efficacy of C. divergens M35 when used under the conditions 

Bureau of Chemical Safety, Food Directorate, Health Products and Food Branch 3 



Health Canada's Proposal to Enable the Use ofa New Food Additiw. Omwhacterium dfrergens M35, as an 
Antimicrobial Preserrnti\e in Sliced Ready-to-Eat Cold-Smoked Salmon and Sliced Ready-to-Eat Cold-Smoked Trout 

set out in the table above. The Department is therefore proposing to enable the use of 
C. divergens M35 as described in the above table. 

Other Relevant Information 

As of the time the food additive submission was filed in Canada, the petitioner had not filed any 
requests with other jurisdictions for the same use ofC. divergens M35. 

The Canadian Food and Drug Regulations require that food additives meet the food-grade 
specifications set out in the most recent edition of the Food Chemicals Codex (FCC) if there are 
no specifications in the Regulations. The FCC is a compendium ofstandards for purity and 
identity for food ingredients, including food additives, which is published by the United States 
Pharrnacopeial Convention. 

The FCC contains an appendix w:th information about food uses of live microbial cultures, but 
there are no monographs with requirements for these cultures. However, the petitioner provided 
specifications used to control the purity of the C. divergens M35 preparation and Health Canada 
found these specifications to be acceptable from a microbiological perspective. 

Implementation and Enforcement 

The proposed change will be effective the day on which it is published in the List o/ Permitted 
Preservatives. This will be announced via a Notice of Modification which will be published on 
Health Canada's Website. 

The Canadian Food Inspection Agency is responsible for the enforcement ofthe Food and Drugs 
Act and its associated regulations with respect to foods. 

Contact Information 

For additional information or to submit comments related to this proposal, please contact: 

Bureau ofChemical Safet\. Food Directorate 
251 Sir Frederick Banting Driveway 
Tunney's Pasture, PL: 2202C 
Ottawa, Ontario KIA OL2 
E-mail: bcs-bipc@hc-sc.gc.ca 
Ifcommunicating by e-mail, please use the words "Carnobacterium divergem· M35" in the 
subject line of your e-mai I. Health Canada is able to consider information received by August 
20, 2016, 75 days from the date ofthis posting. 

Bureau ofChemical Safety, Food Directorate, Health Products and Food Branch 4 
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Heallh Sante l+I CanadaCs.nada Canada 

IWe're revising Canada's food guide. Participate in the consultation process to help revise 
Canada's food guide. 

Home > Food & Nutrition > Public I nvolvement and Partnerships 

Food and Nutrition 

Notice of Modification to the List of Permitted Preservatives to Enable the Use 
of Carnobacterium divergens M35 as an Antimicrobial Preservative in Sliced 
Ready-to-Eat Cold-Smoked Salmon and Sliced Ready-to-Eat Cold-Smoked 
Trout - Document Reference Number: NOM/ADM-0079 

Background 

Health Canada received a food additive submission seeking approval for the use of a live culture 
preparation of the bacterium Carnobacterium divergens M35 to limit or inhibit the growth of the 
foodborne pathogen Listeria monocytogenes on sliced ready-to-eat cold-smoked salmon and sliced 
ready-to-eat cold-smoked trout. 

The results of Health Canada's evaluation of available scientific data support the safety and efficacy of 
C. divergens M35 when used as requested by the petitioner. 

Health Canada published a proposal on June 7, 2016, which was open for public comment for 75 
days. Health Canada received one comment in response to the proposal but no new scientific 
information was submitted that changed the outcome of the safety evaluation. Since the conclusion of 
the evaluation remains as described in the proposal, Health Canada has modified the List of Permitte,g 
Preservatives, effective October 13, 2016. 

The purpose of this communication is to publically announce the Department's decision in this regard 
and to provide the appropriate contact information for any inquiries or for those wishing to submit 
any new scientific information relevant to the safety of this food additive. 

Information Document 

To obtain an electronic copy of the Notice ofModification to the List of Permitted Preservatives to 
Enable the Use of Carnobacterium divergens M35 as an Antimicrobial Preservative in Sliced Ready­
to-Eat Cold-Smoked Salmon and Sliced Ready-to-Eat Cold-Smoked Trout - Document Reference 
Number: NOM/ADM-0079, please contact our publications office or send an e-mail 
to publications@hc-sc.gc.ca with the subject heading "hpfb BCS nom-adm-0079-eng''. 

Contact Information 

Health Canada's Food Directorate is committed to reviewing any new scientific information on the 
safety in use of any food additive, including Carnobacterium divergens M35. Anyone wishing to 
submit new scientific information on the use of this food additive or to submit any inquiries may do 
so In writing, by regular mail or electronically. If you wish to contact the Food Directorate 
electronically, please use the word "Carnobacterium divergens M35" in the subject line of your 
e-mail. 

Bureau of Chemical Safety, Food Directorate 

Supporting Information 

Food Additives 

I Sur 2 2016- 10-27 14: 11 
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FOOD ADorrv: ~FE 001066 April 13, 2022 
DEPARTMENT OF HEAL TH AND HUMAN SERVICES 
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GENERALLY RECOGNIZED AS SAFE 
(GRAS) NOTICE (Subpart E of Part 170) 

NAME FOR INTERNET 

KEYWORDS 

Transmit completed form and attachments electronically via the Electronic Submission Gateway (see Instructions) ; OR Transmit 
completed form and attachments in paper format or on physical media to: Office of Food Additive Safety (HFS-20O), Center for 
Food Safety and Applied Nutrition, Food and Drug Administration,5001 Campus Drive. College Park, MD 20740-3835. 

SECTION A - INTRODUCTORY INFORMATION ABOUT THE SUBMISSION 

1. Type of Submission (Check one) 

~ New D Amendment to GRN No. D Supplement to GRN No. -----
2. D All electronic files included in this submission have been checked and found to be virus free. (Check box to verify) 

3 IVIOS\ recem presuomIssIon meeung ,,, ann wtm 
FDA on the subject substance (yyyylmmldd): 2021-11-12 

{Check one)
D Yes If yes, enter the date of 

4 For Amendments or Supplements: Is your 
amendment or supplement submitted in 
response to a communication from FDA? D No communication (yyyylmmldcl): ______ 

SECTION B - INFORMATION ABOUT THE NOTIFIER 

Name of Contact Person Position or Title 

Laura Boivin president 

Organization (if applcable) 
1a. Notifier Fumoir Grizzly 

Mailing Address (number and street) 

159 D'Amsterdam 

City State or Province Zip Code/Postal Code Country 

St-Augustin-De-Oesmaures JQuebec I G3A2VS Canada 

Telephone Number Fax Number E-Mail Address 

418-878-8941 418-878-8942 lb@grizzly.qc.ca 

Name of Contact Person Position or Tille 

1b. Agent 
Organization (if applicable)or Attorney 

("applfcable) 

Mailing Address (number and street) 

City State or Province Zip Code/Postal Code Country 

Telephone Number Fax Number E-Mail Address 
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SECTION C - GENERAL ADMINISTRATIVE INFORMATION 

1. Name of notified substance. using an appropriately descriptive term 

Carnobacterium divergens M35 viable culture 

2. Submission Format: (Check appropriate box(es)) 
D Electronic Submission Gateway D Electronic files on physical media 
t8J Paper 

Ifapplicable give number and type of physical media 

4. Does this submission incorporate any information in CFSAN's files? (Check one) 
D Yes (Proceed to Item 5) t8J No (Proceed to Item 6) 

3. For paper submissions only: 

Number of volumes 4 

Total number of pages 95 

5. The submission incorporates information from a previous submission to FDA as indicated below (Check all that apply) 

0 a) GRAS Notice No. GRN 

0 b) GRAS Affi rmation Petition No. GRP 

0 c) Food Additive Petition No. FAP 

0 d) Food Master File No. FMF 

D or enter information as above) 

6. Statutory basi

e) Other or Additional (describe 

s for conclusions of GRAS status (Check one) 

1:8] Scientific procedures (21 CFR 170.30(a) and (b)) 0 Experience based on common use in food (21 CFR 170.30(a) and (c)) 

7. Does the submission (including information that you are incorporating) contain information that you view as trade secret 
or as confidential commercial or financial information? (see 21 CFR 170.225(c)(8) and 170.250(d) and (e)) 

0 Yes (Proceed to Item 8 

t8J No (Proceed to Section D) 

8. Have you designated information in your submission that you view as trade secret or as confidential commercial or financial information 
(Check all that apply) 

D Yes, information is designated at the place where it occurs in the submission 

0No 

9. Have you attached a redacted copy of some or all of the submission? (Check one) 

D Yes, a redacted copy of the complete submission 
O Yes, a redacted copy of part(s) of the submission 

0 No 

' SECTION D - INTENDED USE 

1. Describe the intended conditions of use of the notified substance, including the foods in which the substance will be used, the levels of use 

in such foods, and the purposes for which the substance will be used, including, when appropriate, a description of a subpopulation expected 

to consume the notified substance. 

The bio-preservative preparation containing Carnobacterium divergens M35 cells and its metabolites including the bacteriocin 
divergens M35, is intended for use as protective culture for inibition of Listeria monocytogenese in fish product. The lyophylized bio­
preservative shall be re-suspended in water of suitable microbiological qualityand apply by spraying to obtain a final concentration 
of 1Oe6 cfu( colony forming unit) per gram of product. The bio-preservative can be applied to fresh or frozen fish products. The 
treaded product must be vacuum-packed or notand stored at 4oC. 

2. Does the intended use of the notified substance include any use in product(s) subject to regulation by the Food Safety and Inspection 

Service (FSIS) of the U.S. Department of Agriculture? 

(Check one) 

0Yes 1:8] No 

3. If your submission contains trade secrets, do you authorize FDA to provide this information to the Food Safety and Inspection Service of the 
U S. Department of Agriculture? 

(Check one) 

D Yes D No, you ask us to exclude trade secrets from the information FDA will send to FSIS. 

FORM FDA 3667 (03/21) Page 2 of 4 



SECTION E - PARTS 2 -7 OF YOUR GRAS NOTICE 

I check list to he/ ensure our submission ,s complete - PART 1 is addressed in other sections of this form) 

cgj 

cgj 

cgj 

cgj 

cgj 

cgj 

PART 2 of a GRAS notice: Identity, method ofmanufacture, specifications, and physical or technical effect (170.230). 

PART 3 of a GRAS notice: Dietary exposure (170.235). 

PART 4 of a GRAS notice: Self-limiting levels of use (170.240). 

PART 5 of a GRAS notice: Experience based on common use in foods before 1958 ( 170.245 ). 

PART 6 of a GRAS notice: Narrative (170.250). 

PART 7 of a GRAS notice: List of supporting data and information in your GRAS notice (170.255) 

Other Information 

Did you include any other information that you want FDA to consider in evaluating your GRAS notice? 

D Yes cgj No 

□ □ 
SECTION F - SIGNATURE AND CERTIFICATION STATEMENTS 

1. The undersigned is informing FDA that Laura Boivin 

(name ofnotifier) 

has concluded that the intended use(s) of Carnobacterium divergens M35 viable culture 
(name ofnotified substance) 

described on this form, as discussed in the attached notice, is (are) not subject to the premarket approval requirements of the Federal Food, 

Drug, and Cosmetic Act based on your conclusion that the substance is generally recognized as safe recognized as safe under the conditions 

of its intended use in accordance with § 170.30. 

2. Laura Boivin agrees to make the data and information that are the basis for the 
---------,(n,....a_m_e_o..,.,n-o""'"M=-,e....,.rJ_ ______ conclusion of GRAS status available to FDA ifFDA asks to see them; 

agrees to allow FDA to review and copy these data and information during customary business hours at the following location if FDA 

asks to do so; agrees to send these data and information to FDA if FDA asks to do so. 

159 D'Amsterdam St-Augustin-De-Desmaures, Qc, Canada, G3A 2VS 
(address ofnotiilerorother locafion) 

The notifying party certifies that this GRAS notice is a complete, representative, and balanced submission that includes unfavorable, 
as well as favorable information, pertinent to the evaluation of the safety and GRAS status of the use of the substance. The notifying 
party certifies that the information provided herein is accurate and complete to the best or his/her knowledge. Any knowing and willful 
misinterpretation is subject to criminal penalty pursuant to 18 U.S.C. 1001 

3. Signature ofResponsible Official, 

~ orAttorne 
Printed Name and Title 

Laura Boivin, president 

Date (mm/dd/yyyy) 

04/07/2022 

FORM FDA 3667 (03/21) Page 3 of4 
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SECTION G - LIST OF ATTACHMENTS 

Attachment Folder Location (sAttachment Name
Number (Page Number(s) fo

Form FDA 3667- submission I·~ 
Carnobacterium divergens M35 culture use as a bio-
preservative in fish product 11-85 

Health Canada's proposal to enable the use of new food 

elect from menu)
r paper Copy Only) 

l 
I

additive Carnobacterium divergens M35, as an antimicrobial 
preservative in sliced ready to eat cold smoked salmon and 
sliced ready to eat cols smoked 

Notice of modification to the list ofpermitted preservatives to 

I·~ I
enable the use ofcarnobacterium divergens M35 as an 
antimicrobial preservative in sliced ready-to-eat cold smoked l•-2salmon and sliced ready-to-eat cold smoked trout I 

 

I I 

I I 

I I 

I I 

I I 

List your attached files or documents containing your submission, forms, amendments or supplements, and other pertinent information. 
Clearly identify the attachment with appropriate descriptive file names (or titles for paper documents), preferably as suggested in the 
guidance associated with this form. Number your attachments consecutively. When submitting paper documents, enter the inclusive page 
numbers of each portion of the document below. 

0MB Statement: Public reporting burden for this collection of information is estimated to average 170 hours per response, including the time 
for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the 
collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including 
suggestions for reducing this burden to: Department ofHealth and Human Services, Food and Drug Administration, Office of Chief Information 
Officer, PRAStaff@fda.hhs.gov. (Please do NOT return the form to this address). An agency may not conduct or sponsor, and a person is 
not required to respond to, a collection of information unless it displays a currently valid 0MB control number 
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CLIENT NAME: LABORATOIRE INNODAL
5-835 AVE DES JESUITES
QUEBEC CITY, QC   G1S 3N2   
514-916-3176

ATTENTION TO: Ariane Renaud
PROJECT: Analyse BacM35

AGAT WORK ORDER: 20M581278
FOOD CHEMISTRY REVIEWED BY: Olivier Lachance, Method Development Supervisor

MICROBIOLOGY ANALYSIS REVIEWED BY: Samara Brookman, Lab Manager
SOIL ANALYSIS REVIEWED BY: Amar Bellahsene, Chimiste

DATE REPORTED: Mar 17, 2020
PAGES (INCLUDING COVER): 8

VERSION*: 2

9770 ROUTE TRANSCANADIENNE
ST. LAURENT, QUEBEC

CANADA H4S 1V9
TEL (514)337-1000
FAX (514)333-3046

http://www.agatlabs.com

Should you require any information regarding this analysis please contact your client services representative at (514) 337-1000

*Notes

VERSION 2:preliminary sent 2020/03/10

Disclaimer:
· All work conducted herein has been done using accepted standard protocols, and generally accepted practices and methods. AGAT test methods may 

incorporate modifications from the specified reference methods to improve performance.
· All samples will be disposed of within 30 days following analysis, unless expressly agreed otherwise in writing. Please contact your Client Project 

Manager if you require additional sample storage time.
· AGAT’s liability in connection with any delay, performance or non-performance of these services is only to the Client and does not extend to any other 

third party. Unless expressly agreed otherwise in writing, AGAT’s liability is limited to the actual cost of the specific analysis or analyses included in the 
services.

· This report shall not be reproduced or distributed, in whole or in part, without the prior written consent of AGAT Laboratories.
· The test results reported herewith relate only to the samples as received by the laboratory.
· Application of guidelines is provided “as is” without warranty of any kind, either expressed or implied, including, but not limited to, warranties of 

merchantability, fitness for a particular purpose, or non-infringement. AGAT assumes no responsibility for any errors or omissions in the information 
contained in this document.

· All reportable information as specified by ISO/IEC 17025:2017 is available from AGAT Laboratories upon request.

GRAS Notice (GRN) No. 1066 Amendments
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Certificate  of  Analysis 
AGAT  WORK  ORDER:  20M581278 
PROJECT:  Analyse  BacM35 

CLIENT NAME: LABORATOIRE INNODAL ATTENTION TO: Ariane Renaud 

SAMPLED BY:Tomy Faubert SAMPLING SITE:Divers,Divers 

Metals 

DATE RECEIVED: 2020-03-05 DATE REPORTED: 2020-03-17 

Parameter Unit 

SAMPLE DESCRIPTION: 

SAMPLE TYPE: 

DATE SAMPLED: 

G / S RDL 

01082018 (2/3) 

Food 

1004664 

02112017 (3/3) 20022020 (1/3) 

Food Food 

1004665 992909 

Arsenic (Food) ppm 0.1 <0.1 <0.1 <0.1 

Cadmium (Food) ppm 0.1 <0.1 <0.1 <0.1 

Lead (Food) ppm 0.1 <0.1 <0.1 <0.1 

Comments: RDL - Reported Detection Limit; G / S - Guideline / Standard 

Certified  By: 
AGAT  Laboratories’  procedure  for  signatures and  signatories adheres strictly to  the  requirements of  accreditation  ISO  17025:2005  as required  by CALA,  SCC  and  MDDELCC  where  applicable.  All  electronic signatures on  AGAT  certificates are  password  protected  and  all  
signatories meet  their  regional  and  scope  of  accreditation  requirements and  are  approved  by CALA,  SCC  and  MDDELCC. 

Ac:iAT CERTIFICATE  OF  ANALYSIS  (V2) Page  2  of  8 
This version  replaces and  cancels  all  previous versions,  if  applicable.  Reproduction  of  this  document  is prohibited,  in  whole  or  part,  unless  authorised  in  writing  by  the  laboratory.  The  results relate  only to  the  samples analyzed.  Results  apply  to 

samples as received. 
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AGAT WORK ORDER: 20M581278
PROJECT: Analyse BacM35

ATTENTION TO: Ariane RenaudCLIENT NAME: LABORATOIRE INNODAL
SAMPLED BY:Tomy Faubert SAMPLING SITE:Divers,Divers

9770 ROUTE TRANSCANADIENNE
ST. LAURENT, QUEBEC

CANADA H4S 1V9
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flGiflT 
This version replaces and cancels all previous versions, if applicable. Reproduction of this document is prohibited, in whole or part, unless authorised in writing by the laboratory. The results relate only to the samples analyzed. Results apply to

samples as received.

CERTIFICATE OF ANALYSIS (V2) Page 3 of 8

AGAT Laboratories’ procedure for signatures and signatories adheres strictly to the requirements of accreditation ISO 17025:2005 as required by CALA, SCC and MDDELCC where applicable. All electronic signatures on AGAT certificates are password protected and all 
signatories meet their regional and scope of accreditation requirements and are approved by CALA, SCC and MDDELCC.

02112017 (3/3)01082018 (2/3) 20022020 (1/3)SAMPLE DESCRIPTION:
FoodFoodFoodSAMPLE TYPE:

DATE SAMPLED:
1004664 1004665 992909G / S RDLUnitParameter

27 000 000 52 000 000 >300 000 000 EAerobic Bacteria Count - Food 5CFU/g
<20 <20 <20Yeast count - Food 20CFU/g
20 E <20 <20Mold count (Food) 20CFU/g
<25 <25 <25Staphylococcus aureus - Food 25CFU/g
<10 <10 <10Enterobacteria 3M - Food 10CFU/g

Not detected Not detected Not detectedSalmonella Detection by MDS - Food NA/25g

Not detected Not detected Not detectedListeria monocytogenes by MDS - 
Food NA/25g

Not detected Not detected Not detectedE.coli O157 by MDS - Food NA/25g
Ambient Ambient AmbientTemperature upon receipt N/A°C

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard
1004664 Results are preliminary and subject to change if they are not certified.

The laboratory is not accredited for the parameters with an asterisk. 
E: Estimated result

1004665 Results are preliminary and subject to change if they are not certified.
The laboratory is not accredited for the parameters with an asterisk. 

992909 Results are preliminary and subject to change if they are not certified.
The laboratory is not accredited for the parameters with an asterisk. 
E: Estimated result

DATE RECEIVED: 2020-03-05 DATE REPORTED: 2020-03-17

Food Microbiology

Certified By:
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flGiflT 
This version replaces and cancels all previous versions, if applicable. Reproduction of this document is prohibited, in whole or part, unless authorised in writing by the laboratory. The results relate only to the samples analyzed. Results apply to

samples as received.

CERTIFICATE OF ANALYSIS (V2) Page 4 of 8

AGAT Laboratories’ procedure for signatures and signatories adheres strictly to the requirements of accreditation ISO 17025:2005 as required by CALA, SCC and MDDELCC where applicable. All electronic signatures on AGAT certificates are password protected and all 
signatories meet their regional and scope of accreditation requirements and are approved by CALA, SCC and MDDELCC.

02112017 (3/3)01082018 (2/3) 20022020 (1/3)SAMPLE DESCRIPTION:
FoodFoodFoodSAMPLE TYPE:

DATE SAMPLED:
1004664 1004665 992909G / S RDLUnitParameter

<0.2 <0.2 <0.2Mercury 0.2mg/kg

Comments: RDL - Reported Detection Limit;     G / S - Guideline / Standard

DATE RECEIVED: 2020-03-05 DATE REPORTED: 2020-03-17

Total Extractable metals

Certified By:
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RPT Date: 2020-03-17

PARAMETER

Metals

Batch Sample
Id

Foo

Dup #1

d Che
DUPLICATE

Dup #2

mistry Analysis
REFERENCE MATERIAL METHOD BLANK SPIKE MATRIX SPIKE

Acceptable Acceptable Acceptable
Method Measure Limits Limits LimitsRPD Recovery RecoveryBlank d Value

Lower Upper Lower Upper Lower UpperI I I 

Arsenic (Food) 310 NA < 0.1 < 0.1 0.0% < 0.1 99% 80% 120% 109% 80% 120% 109% 80% 120%
Cadmium (Food) 310 NA < 0.1 < 0.1 0.0% < 0.1 96% 80% 120% 104% 80% 120% 108% 80% 120%
Lead (Food) 310 NA < 0.1 < 0.1 0.0% < 0.1 92% 80% 120% 104% 80% 120% 110% 80% 120%
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RPT Date: 2020-03-17 

PARAMETER Batch 
Sample 

Id 
Dup #1 

Soil 
DUPLICATE 

Dup #2 

Analysis 
REFERENCE MATERIAL METHOD BLANK SPIKE MATRIX SPIKE 

Acceptable Acceptable Acceptable 
Method Measure Limits Limits Limits RPD Recovery Recovery 
Blank d Value 

Lower Upper Lower Upper Lower Upper 

Total Extractable metals 

Mercury 1010027 < 0.2 < 0.2 0.0% < 0.2 103% 70% 130% 82% 80% 120% 97% 70% 130% 
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DATE DATE LITERATURE ANALYTICALPARAMETER AGAT S.O.PI PREPARED ANALYZED I REFERENCE TECHNIQUEI 
Food Chemistry Analysis

AOAC 985-01;Arsenic (Food) 2020-03-10 2020-03-12 FC-102-15012F ICP/OESMET-101-6107F
AOAC 985-01;Cadmium (Food) 2020-03-10 2020-03-12 FC-102-15012F ICP/OESMET-101-6107F
AOAC 985-01;Lead (Food) 2020-03-10 2020-03-12 FC-102-15012F ICP/OESMET-101-6107F

Microbiology Analysis
Aerobic Bacteria Count - Food 2020-03-09 2020-03-09 MFHPB-18 INCORPORATION
Yeast count - Food 2020-03-05 2020-03-09 MFHPB-22 SPREAD PLATE
Mold count (Food) 2020-03-05 2020-03-09 MFHPB-22 SPREAD PLATE
Staphylococcus aureus - Food 2020-03-05 2020-03-09 MFHPB-21 SPREAD PLATE
Salmonella Detection by MDS - Food 2020-03-05 2020-03-09 MFLP-06 SELECTIVE ENR.
Enterobacteria 3M - Food 2020-03-05 2020-03-09 MFLP-09 SPREAD PLATE
Listeria monocytogenes by MDS - Food 2020-03-05 2020-03-09 MFLP-72 SELECTIVE ENR.
E.coli O157 by MDS - Food 2020-03-05 2020-03-09 MFLP-73 SELECTIVE ENR.
Temperature upon receipt 2020-03-05 2020-03-05 N/A N/A
Soil Analysis
Mercury 2020-03-12 2020-03-12 MET-101-6102F MA. 200 Hg 1.1 COMBUSTION

l 
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A l'usage exclusif du laboratolre 
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From: Ariane Renaud 
To: Highbarger, Lane A 
Subject: [EXTERNAL] RE: GRN 1066 - follow-up questions 
Date: Monday, March 6, 2023 1:52:41 PM 
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CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you 
recognize the sender and know the content is safe. 

Salut Michelle, 

Voici mes réponses : 

1. Validated methods were used for the COAs according to ISO 17025:2005 standards. The 
methods used for the analysis are either in accordance with AOAC methods or Health Canada 
Compendium of Analytical methods according to the method summary of the certificates. The 
corresponding S.O.P.s are also indicated in the method summary (see attached file). 

2. We confirm the use of per capita for the dietary exposure and not the dietary exposure of 
eaters only. Here is a revised table: 

Table I: Estimated dietary exposure to Carnobacterium divergens M35 according to the 

mean consumption and the 90th percentile, adjusted to the lower limit of exposure and the 
upper limit of exposure to the microorganism. 

Corresponding intake of C. 
fin
Food intake of fresh and frozen 

fish Variation of the amount of divergens M35 

Mean (g per 
day) 

90th 

percentile (g 
per day) 

C. divergens M35 during 
shelf life Mean (cfu per 

day) 
90th percentile 
(cfu per day) 

10.3 20.6 

Lower limit (106 cfu/g of 
fish) 

Upper limit (109 cfu/g of 
fish) 

1.03 x 107 

1.03 x 1010 

2.06 x 107 

2.06 x 1010 

À bientôt, 



 
 
 
 

 

 

    

 
 
 

From: Highbarger, Lane A <Lane.Highbarger@fda.hhs.gov> 
Sent: February 28, 2023 10:26 AM 
To: Michelle Tessier <mt@grizzly.qc.ca> 
Cc: Ariane Renaud <ariane.renaud@innodal.com> 
Subject: GRN 1066 - follow-up questions 

Hi Michelle, 

Our chemistry reviewer has two additional follow-up questions for GRN 1066:. 

1. In your response to question 1b, you confirmed that the results provided in your COAs 
have been certified and thus, are not subject to change. However, you did not affirm that 
validated methods were used to support the data in your COAs. As previously requested, 
please provide a statement that affirms that the analytical methods you used to support the 
analyses in your COAs were validated for their intended use. 

2. In response to question 4, you estimated the mean and 90th percentile dietary exposures 
using a lower and upper limit of C. divergens M35. You state that you used per capita 
consumption data published by NOAA Fisheries to estimate your dietary exposures. 
However, we note that in Table 1 the intake of fresh and frozen finfish is labeled as “eater’s 
only.”  Please confirm that your dietary exposure estimate is a per capita dietary exposure 
and not an eaters-only. 

I look forward to your response to these questions. 

If you have any additional questions, do not hesitate to contact me. 

Thank you. 

Lane A. Highbarger, Ph.D. (he/him) 
Microbiology and Regulatory Review 

Office of Food Additive Safety 
Center for Food Safety and Applied Nutrition 
U.S. Food and Drug Administration 
Tel: 240-402-1204 
lane.highbarger]@fda.hhs.gov 



From: Michelle Tessier <mt@grizzly.qc.ca> 
Sent: Monday, February 6, 2023 9:24 AM 
To: Highbarger, Lane A <Lane.Highbarger@fda.hhs.gov> 
Cc: 'Ariane Renaud' <ariane.renaud@innodal.com> 
Subject: [EXTERNAL] GRN 1066 

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you 
recognize the sender and know the content is safe. 

Good morning, 

Here are the answers about our request. We hope you have all information that you need. If you 
have any question, let me know and I will answer you as soon as possible. 

Have a good day 

Cordially 

Michelle Tessier 

Michelle Tessier 
Directr!.ce PGQ 
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