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Part 3: Dietary exposure

1.1Carnobacterium divergens: a part of the endogenous microbial ecosystem of
sea food products

Lactic Acid Bacteria (LAB) including species of the genus Carnobacterium, have been
used for centuries for the production of fermented foods (Stoffels et al., 1992; Buchanan
and Klawitter, 1992b; Milliere and Lefebvre, 1994; Le Roi et al. 1996, Tahiri et al. ).
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 10° to 1.0 x 10° cfu/g (Larson et al 2006). They are able to
grow in foods that contain little free carbohydrate even at refrigerator temperatures
(Leroi et al., 1998, Tahiri et al.). Unlike other lactic acid bacteria, the relatively weak
acidification by carnobacteria 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 (Stohr et al.,2001, Cleveland et al. 2001.Leisner et al. 2007, Tahiri et al. ).

1.2 Human exposure to carnobacterium and to their bacteriocins

Some of so-called acclimatized strains of Carnobacterium are able to produce various
antimicrobial compounds such as bacteriocins (Leisner et al. 20017, Tahi el al. Le Roi
et al. ). Bacteriocin-producing Carnobacterium strains have also been isolated directly
from various food products including cheese, Yogurt, meat products and fish (Buchanan
and Klawitter, 1992; Rieder G et al 2012, Le Roi et al. 1996, Tabhiri el al) which give them
an undeniable advantage for use in this type of food matrix. This also means that
bacteriocins would be naturally found in all these food products.

Production of antimicrobial compounds such as bacteriocins by LAB have attracted a lot
of attention because of their bactericidal or bacteriostatic activity against food
pathogenic and spoilage bacteria (Ramou et al. , 2015, Cleveland et al. 2001, Fliss el al.
chapitre de livre). The production of the bacteriocin divergicin M35 is one of the
mechanism involved in the inhibitory activity of C. divergens M35, the strain that is the
subject of this application. This bacteriocin as well as the producing strain have been
extensively characterized at physicochemical, biological and molecular levels (Tahiri et
al, Ben Abbou et al. Naghmouchi et al. ).

Since Carnobacterium spp are a part of the endogenous microflora of several foods, it's
then obvious that humans have been exposed for centuries to LAB and more specifically
those producing bacteriocins such as C. divergens. However, no case of acute or
chronic toxicity directly associated with long term exposure to bacteriocin-producing C.
divergens or to other Carnobacterium species has been reported until now. In addition,
as for many other 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
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1.4Estimation of total intake of C. divergens M35

In our studies, C. divergens M35 was inoculated on the surface of smoked salmon at a
final concentration of 1 x 10° cfu/g to ensure significant inhibition of L. monocytogenes.
Since C. divergens is a psychrotrophic bacteria able de grow under refrigerated
conditions, a final concentration of 1x10° ufc/g was reached after 14 days of storage at
4°C. If we consider that in a normal diet, an adult consume 100g of smoked salmon at
once, then the total estimated intake proposed is 1x10''ufc per gram. A significant
portion of this ingested C. divergens is probably degraded during the passage in the
stomach (effect of acidity) and the duodenum (bile salt and proteases). If we consider
that the gastro intestinal average survival rate of lactic acid bacteria vary from 3 to 12%
(Fernandez et al. Lelay et al. ), it is then believed that the highest bacterial concentration
reaching the large intestine is around 1,2 x 10"° (12% of 1 X 10" ufc). This is similar to
that allowed for C. maltaromaticum CB1 for which the daily consumption of C.
maltaromaticum per capita was estimated at 1.4 1 x 10" ufc.

2 SAFETY EVALUATION

Several properties have been studied to evaluate the safety of C. divergens and the
whole results were presented in our original application.

First of all, according to the University of Nebraska database
(http://www.allergenonline.org/index.shtml) and a document entitled "Principles for the
Risk Analysis of Foods Derived from Modern Biotechnology» in the Codex Alimentarius,
C. divergens M35 and the whole ingredients used to produce and stabilize the functional
bio-preservative do not pose any allergenic risk to the consumer.

Second, the antibiotic resistance of C. divergens M35 was evaluated using the agar
diffusion method based on inhibition zone diameter around paper discs impregnated
with antibiotic was used according to CLSI M-45A specifications (2006 and 2009) as is
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 profil is consistent with those obtained with
other LAB including those belonging to the genera Carnobacterium (Duffes et al. (1999),
Brillet et al.2005b Ringo et al. 2000) , 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. Moreover, it is also evident that in the unlikely event
of C. divergens infection to humans, antibiotic treatments are currently available.

Third, the analysis of production of biogenic amines in smoked salmon or smoked
trout revealed that C. divergens M35 did not induce any of the following amines, namely
methylamine, tryptamine, putrescine, spermidine, spermine, tyramine, histamine and
cadaverine. The analyses also revealed that tryptamine was produce at concentrations
of 63 pg/g and 80 ug/g after respectively 15 and 28 days of storage. These
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DATA ON THE QUANTITY OF RESIDUE THAT MIGHT REMAIN ON OR IN THE
FOOD PRODUCT

In trials conducted on smoked salmon and as shown in figure 3, we found that C.
diver: gens M35 (a psychrotrophe) survived very well at 4 °C, with counts reaching about
5x10° cfu/g after 21 days, while total counts (including total lactic acid bacteria) were
about 5x10® cfu/g. Divergicin M35 was not detected in the samples, possibly due to
decomposition by proteases of endogenous lactic bacteria in salmon.

PROPOSED LIMIT FOR RESIDUE ON OR IN THE FOOD PRODUCT

Given the GRAS status of lactic acid bacteria, meaning that they are generally
recognized as safe for use in foods, no limit is suggested for the amount of C. divergens
M35 that should remain on or in cold-smoked salmon or any food in which it is used as a
bio-preservative, other than user-determined limits based on cost and sensory
characteristics on a case-by-case basis. The final concentration of C. divergens did not
exceed the concentration naturally found in cold smoked-salmon.

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 sulphate, 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 amplification of a specific DNA sequence
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). These two methods have been successfully used for
detection and monitoring C. divergens in cold and freezed smoked salmon.
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Part 6: Narrative

The present application relies to the regulatory approval of a bioingrédient containing
Carnobacterium divergens M35 cells and its metabolites including the bacteriocin
divergicin M35, as generally recognized as safe (GRAS). This bioingrédient is intended
for use as a food ingredient for inhibition of Listeria monocytogenes in smoked Coho,
sockeye and Atlantic salmon as well as in smoked trout-rainbow.

The GRAS statute claimed is based on literature information regarding the safety of
genus Carnobacterium and scientific data generated by our research group either in
Fumoir Grizzly or at Université 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 molecular
methods. Its safety has been confirmed by different in vitro assays.

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 poinsoning. More over and According to the University
of Nebraska database

(http://www.allergenonline.org/index.shtml) allowed us to confirm that neither C.
divergens M35 nor the ingredients as a whole that were used in the production and
stabilizing of the functional bio-preservative pose any allergenic risk to the consumer.
Finally, C. divergens M35 was shown to be sensitive to all tested antibiotics. It did not
show any hemolysis activity and the concentrations of biogenic amines produced in situ
were under authorized critical amount.

All these information, taken together, allow as to claim a GRAS statue for C. divergens
M35 and its metabolites.

23


http://www.allergenonline.org/index.shtml



http://www.npicenter.com/print/topic/Revolutionary-new-food-ingredient-Micocin-R
http://www.allergenonline.org/index.shtml






https://www.fda.gov/Food/lngredientsPackagingLabeling/GRAS/Noticelnventory/ucm210






mailto:publications@hc-sc.gc.ca
https://www.canada.ca/en/health-canada/services/food-nutrition/publi



https://www.canada.ca/en/health-canada/services/food-nutrition/publi

	GRAS Notice (GRN) No. 762 for Carnobacterium divergens M35 preparation
	Part 1: Signed statements and certification
	PART 2 : Identity, method of manufacture, specification, and physical or technical effect
	Part 3: Dietary exposure
	Part 4: Self-limiting levels of use
	Part 5: Experience based on common use in food before 1958
	Part 6: Narrative
	Part 7 : list of supporting data and information the GRAS notice




