3. Wash, put on the Extravidin conjugate, 1 hr incubate.
4. Wash, put on Gibco substrate, 12.5 min incubate
5. Put on Gibco amplifier, 2-10 min incubate.
6. Read plates on microplate reader
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A modification of the method described above is available in
Laboratory Information Bulletin (LIB) No. 4292. The LIB
describes a modification that uses digoxigenin labeled IgGs to
detect type A, B, E, and F botulinal toxins. The digoxigenin label
substitutes for the biotin label in the amplified ELISA and is
detected using an anti-digoxigenin horse radish peroxidase
conjugate and TMB substrate.
IV. Detection of Type A, B, E, and F Clostridium botulinum
Toxins Using Digoxigenin-labeled IgGs and the ELISA
(DIG-ELISA). Contact J. L. Ferreira (FDA) 404 253-2216, S.
Sharma (FDA) 301 436-1570. S. Maslanka (CDC) 404 639-0895, or
J. Andreadis (CDC) for questions regarding this method.

This method is a modification of the amplified-ELISA (amp-ELISA).
Digoxigenin-labeled antitoxin IgG's are substituted for biotinlabeled IgG's and anti-digoxigenin horse radish peroxidase
conjugate (HRP) is substituted for the streptavidin-alkaline
phosphatase used in the amp-ELISA. An appropriate substrate
(TMB) is used for the HRP enzyme. The A, B, E, and F botulinal
toxins are detected at approximately 10 MLD/mL (0.12-0.25
ng/mL). Toxic cultures may be more antigenic than purified toxins
and the level of detection using the DIG-ELISA may be more
sensitive than the mouse bioassay. Both TPGY and CMM are tested
since more toxin may be generated in one medium compared to the
other and the confirmatory mouse bioassay also utilizes these media.
Very toxic cultures (greater than approximately 10,000 MLD/mL)
may give a positive absorbance for more than one toxin type in the
amp-ELISA as well as the DIG-ELISA (crossing between types).
Generally, a 10-fold dilution will show that the true toxin type will
have a very high absorbance and the crossing type will have a
negative absorbance. In either case the toxic sample must be
confirmed using the mouse bioassay.
A. Equipment and Materials
1. Microplate, Dynex Immulon ll U-bottom, cat. No. 3655
2. Microtiter pipettors to deliver from 0.1- 2.0, 2-20, and
50-200 µl.
3. Multichannel pipettor, 8 or 12 place 50-200 µl
4. Pipets, disposable 1,5,10 ml
5. Glass test tubes 13X100 mm, 15X150 mm
6. Incubator, 35°C
7. Refrigerated centrifuge

8. Microplate washer
9. Microplate shaker
10. Microplate reader (read 450 nm)
11. Microtiter plate seals
12. Multichannel pipet reservoirs
B. Media (/food/laboratory-methods/media-index-bam) and
Reagents (/food/laboratory-methods/reagents-index-bam)
1. Tryptone-peptone-glucose-yeast extract broth (TPGY).
2. Cooked meat medium (CMM).
3. 0.05M bicarbonate buffer: 0.8g Na2CO3 + 1.47g NaHCO3
in 500 ml distilled
H2O, pH 9.6. Capsules to prepare 100 ml volume are
available from Sigma.
4. 1% Casein buffer: Add 10.0g vitamin-free casein
(Research Organics) + 7.65g NaCl, 0.724g Na2HPO4
(anhydrous), 0.21g KH2PO4 to 900 ml H2O, and 3 ml of 1
M NaOH. Heat with stirring to ~ 80°C to dissolve casein.
Check pH and adjust to 7.9 with 1 M NaOH, q.s. to 1 liter.
Sterilize at 121°C for 20 min. Final pH is ~7.4-7.6. Casein
blocker ready to use product is available from Pierce that
gives slightly lower absorbance values than in-house
prepared casein buffer. (SRL, Atlanta, GA).
5. Goat type A, B, E, or F digoxigenin-labeled antitoxin
(SRL, Atlanta, GA).
6. Phosphate buffered saline with 0.005% Tween 20 wash
buffer (PBST).
1.2 g Na2HPO4 (anhydrous), 0.22g NaH2PO4.H20, 8.5g
NaCl per liter distilled H2O. Adjust pH to 7.5 Add 50 µl

of Tween 20/L PBS. Sterilize at 121°C for 20 min. 10 ×
PBST: 12.0g Na2HPO4 (anhydrous), 2.2g NaH2PO4.H20,
85.0g NaCl per liter distilled H2O. Adjust pH to 7.5 Add
500 µl of Tween 20/L PBS. 1 × PBST is then prepared by
adding 100 ml of 10X PBST to 900 ml of distilled H2O
and mixing before use. 10X PBS is available
commercially from GibCo.
7. Anti-digoxigenin HRP poly conjugate (Roche Applied
Science).
8. Tetra methyl benzidine (Ultra-TMB) (Pierce).
9. 0.5 M H2SO4.
10. Botulinal complex toxin standards A, B, E, and F.
(Metabiologics Inc., Madison, WI)
C. DIG-ELISA Procedure
1. Preparation of samples.
a. Cultural sample preparation. Food samples or
anaerobic isolates picked from agar plates are
inoculated into TPGY (without trypsin) and
CMM as recommended in Chapter 17 of the
Bacteriological Analytical Manual (2001). TPGY
broth and cooked meat media are incubated for 5
days at 26°C and 35°C respectively. Cultures are
centrifuged at 7,000 × g and 4°C for 30 min,
supernatant pH is adjusted to 7.4-7.6 using 1 N
NaOH or 1N HCl. Samples and controls are
analyzed in duplicate for TPGY and for CMM.
Analyze undiluted and 1:5 dilutions of each culture
supernatant. 1:5= 0.2 ml culture + 0.8 ml casein
buffer.

b. Food sample preparation. If a food has a liquid
packing medium, the liquid may be removed,
centrifuged as above to remove solids and/or fats
and the supernatant/ aqueous layer directly
analyzed by ELISA after pH adjustment to 7.4-7.6.
If the food is a solid or semi-solid, the toxin must
be extracted. An equal amount of food (20 g) and
casein buffer (20 mL) are mixed by grinding with a
mortar and pestle or by other means to mix the
food and buffer. The food-buffer slurry (1:2
dilution) is centrifuged at 7,000 × g for 30 min at
4°C. The aqueous supernatant is removed and
adjusted to pH 7.4-7.6 if necessary using 1 N NaOH
or 1 N HCl. Some foods such as Honey may also
require dilution to remove ELISA inhibitors. Honey
has previously been tested at a 1:5 dilution with
satisfactory results. Normal food that does not
contain botulinal toxin can be spiked with known
standard toxin(s) at 2ng toxin/mL (~100
MLD/mL) of the food extract in casein buffer to
monitor the possible inhibition of the ELISA by the
food. Botulinal neurotoxin standards were diluted
in casein buffer and used as controls or for spiking
foods prior to analysis.
2. Preparation of microtiter plates. Coat each well of
the microtiter plate with 100 µl of appropriate dilution of
goat type A, E, or F or rabbit type B antitoxin diluted in
bicarbonate buffer. Prepare the number of needed
microtiter plate wells to test the sample. Dilute the stock
antitoxins according to the accompanying directions.
Store plate with coating buffer overnight at 4°C with

plastic seal cover on top of plate to prevent evaporation.
3. ELISA analysis of samples.
a. Remove plate from 4°C storage and wash plate 5
times in PBST with 45 second hold between each
aspiration. Use a commercial plate washer or other
mechanical device; avoid using a squeeze bottle to
wash.
b. Block plate in casein buffer with by filling all wells
to the top of the plate (~300 µl/well) and incubate
for 60-90 min at 35°C. Prepare the sample and
control dilutions while the plate is being blocked.
Negative controls: Duplicate wells are tested
with all reagents except toxin (pH adjusted
undiluted sterile CMM and TPGY broth if used and
casein control). Casein buffer control is used as a
system control.
Positive controls: Duplicate wells are tested
using standard toxins type A, B, E, and F diluted in
pH adjusted sterile TPGY and CMM (if used) at a
concentration of 2 ng/mL. The LD50/ng will vary
depending on toxin type.
ELISA Food Inhibition controls: Type A, B, E,
and F neurotoxins can be used to spike a food at 2
ng/mL of the supernatant obtained from the foodcasein buffer slurry. Duplicate wells are tested for
each toxin type. Results are compared to the
positive control that consists of toxin spiked into
casein to demonstrate if the product inhibits the

ELISA. The product may be diluted further to
remove inhibitory substances but will lower the
sensitivity of the test.
c. Wash the blocked plate as above and then add the
toxic samples and controls (100 µl/well). Work
from the left side of the plate to the right side when
adding the reagents.
d. Incubate toxin-containing samples and controls for
2 hr. at 35°C. Prepare the type A, B, E, and F
digoxigenin-labeled antibody reagents according to
directions while incubating the samples. Do not
make more than you need!
e. Wash plate 5 times in PBST as above.
f. Add the diluted digoxigenin-labeled goat antibody
(100 µl/well) and incubate for 60 min at 35°C.
g. Wash plate 5 times in PBST as above.
h. Add the anti-digoxigenin poly HRP conjugate
diluted 1:5,000 in casein buffer (100 µl/well), and
incubate for 60 min at 35°C.
i. Wash 5 times in PBST then tamp the plate several
times on a paper towel to remove any residual wash
buffer.
j. Add 100 µl of the TMB (substrate at room
temperature) solution, incubate 20-30 min at 35°C.
Positive sample wells will begin to turn a bluegreen color. High toxin samples will develop color
within a few minutes. The analysis can be stopped
with 100 µl of stop reagent at any time (within 2030 min) after addition of the substrate when

positive controls give appropriate sensitivity
(absorbance ≥ 1.0) and negative controls are
acceptable (absorbance not greater than ~ 0.39).
The plate should be taken to the plate reader
immediately after addition of the stop solution.
Measure absorbance at 450 nm on microplate
reader.
Results: A positive test is an absorbance value
that is >0.20 above the absorbance observed in the
negative controls (sterile uninoculated TPGY broth
or CMM or negative food sample). As in any ELISA,
higher background absorbance will result if plates
are insufficiently washed.
D. Confirmation of positive ELISA samples. The DIGELISA was designed for screening TPGY and CMM culture
media that may contain type A, B, E, and/or F botulinal toxins.
Some food matrices may be inhibitory to the test or may
generate false positive results. Samples that are positive or are
inhibitory to the DIG-ELISA test must be confirmed using the
mouse bioassay.
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Flow Diagram for DIG-ELISA
Day 1
Coat microtiter plates with capture IgG and store overnight at 4°C.

Day 2
1. Wash plates, block, put on toxic samples and controls, 2 hr incubate.
2. Wash, put on digoxigenin-labeled IgG's, 1 hr incubate.
3. Wash, put on the anti-digoxigenin HRP conjugate, 1 hr incubate.
4. Wash, put on TMB substrate, 20-30 min incubate.
5. Stop the reaction with stop reagent.
6. Measure absorbance on plates with microplate reader at 450 nm.

V. Specific Detection of Clostridium botulinum Types A, B, E,
and F Using the Polymerase Chain Reaction (PCR) For
additional information on this PCR method, contact Kathy E. Craven
or Joseph L. Ferreira at FDA, ORA, Southeast Regional Laboratory,
60-8th Street, N.E., Atlanta, GA 30309. Telephone: (404) 253-1200;
FAX: (404)253-1210.
Clostridium botulinum organisms generally produce one of four
neurotoxin types (A, B, E, and F) associated with human illness.
Neurotoxin type determination is important in determining the
identification of the bacterium. A PCR method was developed to
identify 24 hour botulinal cultures as potential type A, B, E and F
neurotoxin producers as well as culture of other clostridial species
which also produce botulinal neurotoxins. Components of the PCR

and amplification conditions were adjusted for optimal
amplification of toxin gene target regions enabling the simultaneous
testing for types A, B, E, and F in a single thermal cycler. Each
primer set was specific for its corresponding toxin type.
Additionally, a DNA extraction procedure was included to remove
inhibitory substances that may affect amplification. This procedure
is rapid, sensitive, and specific for the identification of toxigenic C.
botulinum.
Because of the severity of neuroparalytic illness caused by botulinal
neurotoxin, a rapid diagnosis for the specific toxin type is necessary
during illness outbreaks suspected of being foodborne. The PCR
technique has also been used to detect multiple botulinal toxinproducing types within a single PCR assay (4,6). The PCR assay for
the toxin gene type is determined after a 24-hour anaerobic culture
to obtain vegetative cells. ELISA procedures may require up to five
days of culture growth before toxin is detected (5,9). The PCR
method may also be used in conjunction with the mouse bioassay to
determine toxin type. For example, a culture that is PCR positive for
the type A toxin gene would require mouse protection/testing
confirmation only for toxin type A.
A. Equipment and Materials
1. Programmable automatic thermocycler
2. Horizontal gel electrophoresis apparatus
3. Electrophoresis constant-voltage power supply
4. Heating plate
5. Incubators, 35°C
6. Water bath, 37°C and 60°C
7. Freezer, -20 and -70°C

8. Speed Vacuum, optional
9. Microwave
10. Sterile disposable inoculating loops
11. Microcentrifuge tubes, 1.5 and Thin Walled PCR reaction
tubes, 0.2 ml or 0.5 ml
12. Variable digital micropipettors (e.g., 0.5-20 µl, 20-200
µl, 100-1,000µl)
13. Aerosol-resistant pipet tips
14. Microcentrifuge
15. UV transilluminator
16. Polaroid camera and Polaroid film 3000 ISO or
comparable Gel Documentation System
B. Media (/food/laboratory-methods/media-index-bam) and
Reagents (/food/laboratory-methods/reagents-index-bam)
Molecular biology grade reagents are recommended and are
available from various manufacturers.
1. Tryptone-peptone glucose yeast extract broth (TPGY).
2. Phosphate-buffered saline, pH 7.4 (PBS)
3. Tris EDTA, pH 8.0 (1X TE). 10mM Tris-HCL, 1mM
EDTA, pH 8.0 in distilled water
4. Proteinase K- 10 mg Proteinase K/ml 1× TE
5. Lysozyme-10 mg Lysozyme/ml 1 × TE
6. 3 M Sodium Acetate, pH 5.2
7. 95% ethanol
8. 2'-Deoxynucleoside-5'-triphosphates (dATP, dCTP,

dGTP, dTTP); stock solution 2.5 mM of each dNTP
9. Taq DNA polymerase (available from various vendors) or
Amplitaq® (Perkin-Elmer)
10. 10 × Reaction Buffer B-500mM KCl, 100 mM Tris-HCl
(pH 9.0 at 25°C), 1.0 % Triton X-100
11. 15 mM MgCl2
12. Clostridium botulinum neurotoxin oligonucleotide
primers types A, B, E, and F, 10 µM stock solutions (2).
13. Light mineral oil, optional
14. Sterile deionized water, RNase and DNase free
15. 10× TBE (0.9 M Tris-borate, 0.02 M EDTA, pH 8.3)
16. Agarose (nucleic acid electrophoresis grade)
17. Ethidium bromide solution, 10 mg/ml
18. 6× sample loading buffer
19. DNA molecular weight markers (e.g., 123 bp ladder or
100 bp ladder)
C. Procedure for amplification of C. botulinum
neurotoxin A, B, E, and F gene fragments from
presumptive C. botulinum isolates using TPBY
enrichment broth
Food sample preparation and enrichment (Chapter 17, Part l
Mouse Bioassay, Section D).
1. DNA isolation Procedures. Boil sterile 10 ml
portions of Tryptone-Peptone-Glucose-Yeast Extract
Broth (TPGY) in a water bath for 10 min and quickly cool
to room temperature just prior to use. Inoculate TPGY
with presumptive C. botulinum isolates using a

disposable sterile inoculating loop and incubate
overnight at 35° C. Remove a 1.4 ml aliquot from each of
the cultures and dispense into separate sterile microcentrifuge tubes. Centrifuge at 14,000 × g for 2 min and
discard supernatant. Wash the bacterial pellets in 1.0 ml
PBS, pH 7.4 and centrifuge at 14,000 × g for 2 min.
Discard supernatant and resuspend pellets in 400 µl PBS
and 100 ml of 10 mg lysozyme/ml 10mM Tris, 1 mM
EDTA, pH 7.4 (TE). Incubate for 15 min at 37° C in a
water bath, inverting tubes every 5-7 min during
incubation. Add 10 µl of 10 mg Proteinase K/ml TE to
suspensions and incubated for 1 h in a 60° C water bath.
Invert tubes every 10-15 min during the incubation
period. Boil suspensions for 10 min in a water bath and
centrifuge for 2 min at 14,000 rpm. Transfer
supernatants to sterile 1.5 ml micro-centrifuge tubes.
Add 50 µl aliquot of 3 M Sodium acetate and 1.0 ml of
95% ethanol to supernatants, mix by inversion, and cool
at -70 °C (or -20°C ) for 30 min. Centrifuge the ethanolsalt preparations at 14,000 rpm. Discard supernatants
and dry pellets using a DNA Speed-Vacuum (Savant
Instruments, Inc., Holbrook, NY). Re hydrate pellets in
200-µl sterile TE buffer and store immediately at -20° C
until PCR analysis is performed.
2. Alternative DNA isolation/preparation
procedures. Cell lysis by boiling can also be performed
to simplify the procedure. C. botulinal cultures are grown
24 hours as previously described. Remove a 1.4 ml
aliquot and centrifuge at 14,000 × g for 2 min. Boil the
suspension in a water bath for 10 min and centrifuge at
14,000 × g for 2 min to remove cell debris. Remove the

supernatants and place into a sterile microcentrifuge
tube. Store at -20°C until PCR analysis is performed.
Commercial DNA extraction kits such as Gene Clean II
(BIO 101,Inc., La Jolla, CA) and S&S Elu-Quick
(Schleicher & Schuell, Keene, NH) may be used if the
cells are sufficiently lysed. Manufacturers' protocol
supplied with kits are followed. The method used for
lysis of gram positive organisms prior to extraction of the
DNA for PCR is important. Unless DNA concentrations
are determined before PCR analysis, it may be necessary
to test dilutions of the DNA sample to avoid false
negative results caused by too little or too much DNA
when using commercially available kits. We recommend
the use of no more than 344 ng of total DNA be used for
the PCR analysis.
Note: DNA purification before amplification is
recommended to reduce the possibility of inhibitory
substances in cultures from affecting the PCR and to
increase the concentration of target DNA. Purification of
DNA removes inhibitory substances that may affect PCR
amplification. Simple boiling of the cell culture may not
remove all inhibitors from the PCR DNA preparation for
all cultures. No PCR inhibition was observed due to the
TPGY medium itself. The use of the described extraction
procedure that incorporates Proteinase K and lysozyme
consistently lysed C. botulinum cells (2). The amount of
isolated DNA yielding positive results using this
amplification method ranged from approximately 0.34
ng- 5,160 ng DNA per 100-µl total volume PCR reaction.
Using DNA concentrations outside this range may result
in false negative results.

This method is rapid and reliable for the identification of
type A, B, E and F toxin-producing clostridial strains.
PCR results for typing clostridial toxin genes were
obtained in approximately 4 hours following a 24-hour
incubation of the culture. This method is not limited by
culture production of the neurotoxin which requires up
to five days incubation prior to analysis by ELISA or the
mouse bioassay (3,5). The PCR products also can be
toxin gene typed or confirmed by using type-specific
oligonucleotide or polynucleotide DNA probes.
Oligonucleotide Primers. Desalted oligonucleotide
primers are obtained from commerical suppliers.
Primers were derived from published DNA sequences for
C. botulinum structural genes encoding types A, B, E,
and F neurotoxins (1, 3, 7, 8). The forward (F) and
reverse (R) PCR primer sequences are:
Type A
F 5' -GTG ATA CAA CCA GAT GGT AGT TAT AG -3'
R 5' -AAA AAA CAA GTC CCA ATT ATT AAC TTT -3'
Type B
F 5' -GAG ATG TTT GTG AAT ATT ATG ATC CAG -3'
R 5'- GTT CAT GCA TTA ATA TCA AGG CTG G -3'
Type E
F 5'- CCA GGC GGT TGT CAA GAA TTT TAT -3'
R 5'- TCA AAT AAA TCA GGC TCT GCT CCC -3'
Type F
F 5'-GCT TCA TTA AAG AAC GGA AGC AGT GCT-3'
R 5'- GTG GCG CCT TTG TAC CTT TTC TAG G -3'

PCR reaction preparation. Primer sets for each of
the types are used in separate PCR reactions. PCR
reactions are performed in a 100 µl volume mixture
containing , 1 × PCR buffer [10 mM Tris-HCl pH 9.0, 50
mM KCl, and 0.1% Triton X-100], 2.5 mM MgCl2, 0.5
µ'M concentration of each primer set (A, B, E, or F), 200
µM concentration of each deoxynucleotide triphosphate
(dATP, dGTP, dCTP, and dTTP), 2.5 U Taq DNA
polymerase, and 2 µl of sample DNA. If necessary add
approx. 50-70 µl of sterile mineral oil. Thermal cyclers
equipped with heated covers will not require the addition
of a mineral oil overlay. If PCR reaction volumes are
decreased to 50 µl, the amount of template should be
decreased to 1.0 µl.
Note: It is recommended to add sample DNA to the PCR
reaction mixture last in order to decrease potential
contamination of PCR reagents. Positive and negative
controls should be included in each analysis. Negative
controls containing all of the reagents but lacking
template DNA processed as described above are used to
monitor for contamination with C. botulinum amplicons.
Temperature cycling. PCR conditions for
simultaneous amplification of toxin gene fragments A, B,
E, and F are:
One cycle at 95°C for 5 min
Thirty cycles of 94 °C for 1 min (denaturation)
60°C for 1 min (annealing)
72°C for 1 min (extension)
Final incubation of 72 °C for 10 min
Holding temperature of 4°C

Multiplex PCR for the amplification of A and E or B and
F toxin gene fragments has been performed successfully
using these primers but with lower PCR product yields
(4). These four primer pairs can not be used together in
one multiplex reaction because the primers are
incompatible.
Agarose gel analysis of PCR products. Prepare a
1.2-1.5 % agarose gel in 0.5 × TBE containing 0.5 µg
ethidium bromide/ml agarose. Agarose may be melted in
0.5 × TBE using a microwave. Cast gel and allow to
solidify. Mix 10 µl portions of PCR products with
approximately 2.0 µl 6× gel loading dye and load onto gel
submerged in 1 × TBE. An appropriate molecular weight
marker must be included on each gel in order to
determine the approximate molecular weight of PCR
products. Molecular weight markers should contain
fragments which bracket the target sequence size. Apply
a constant voltage of 10 V/cm and allow amplified
fragments to migrate until appropriate band separation
is achieved.
A short-wave UV light is used to visualize bands relative
to the molecular weight marker. Predicted fragment
lengths for each toxin gene fragment are: Type A, 983bp; Type B, 492-bp; Type E, 410-bp, and Type F, 1137bp. Photographs of the gels are used to document the
results using either a polaroid camera or a comparable
gel documentation system.
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The aerobic plate count (APC) is intended to indicate the level of microorganism in a
product. Detailed procedures for determining the APC of foods have been developed by the
Association of Official Analytical Chemists (AOAC) (3) and the American Public Health
Association (APHA) (1). The conventional plate count method for examining frozen, chilled,
precooked, or prepared foods, outlined below, conforms to AOAC Official Methods of
Analysis, sec. 966.23, with one procedural change (966.23C). The suitable colony counting
range (10) is 25-250. The automated spiral plate count method for the examination of foods
and cosmetics (5), outlined below, conforms to AOAC Official Methods of Analysis, sec.
977.27. For procedural details of the standard plate count, see ref. 2.Guidelines for
calculating and reporting plate counts have been changed to conform with the anticipated
changes in the 16th edition of Standard Methods for the Examination of Dairy Products (2)
and the International Dairy Federation (IDF) procedures (6).

Conventional Plate Count Method
A. Equipment and materials
1. Work area, level table with ample surface in room that is clean, well-lighted (100
foot-candles at working surface) and well-ventilated, and reasonably free of dust
and drafts. The microbial density of air in working area, measured in fallout pour
plates taken during plating, should not exceed 15 colonies/plate during 15 min
exposure.
2. Storage space, free of dust and insects and adequate for protection of equipment
and supplies

3. Petri dishes, glass or plastic (at least 15 × 90 mm)
4. Pipets with pipet aids (no mouth pipetting) or pipettors, 1, 5, and 10 ml,
graduated in 0.1 ml units
5. Dilution bottles, 6 oz (160 ml), borosilicate-resistant glass, with rubber stoppers
or plastic screw caps
6. Pipet and petri dish containers, adequate for protection
7. Circulating water bath, for tempering agar, thermostatically controlled to 45 ±
1°C
8. Incubator, 35 ± 1°C; milk, 32 ± 1°C
9. Colony counter, dark-field, Quebec, or equivalent, with suitable light source and
grid plate
10. Tally register
11. Dilution blanks, 90 ± 1 ml Butterfield's phosphate-buffered dilution water (R11
(/food/laboratory-methods/bam-r11-butterfields-phosphate-buffered-dilutionwater)); milk, 99 ± 2 ml
12. Plate count agar (standard methods) (M124 (/food/laboratory-methods/bammedia-m124-plate-count-agar-standard-methods))
13. Refrigerator, to cool and maintain samples at 0-5°C; milk, 0-4.4°C
14. Freezer, to maintain frozen samples from -15 to -20°C
15. Thermometers (mercury) appropriate range; accuracy checked with a
thermometer certified by the National Institute of Standards and Technology
(NIST)
B. Procedure for analysis of frozen, chilled, precooked, or prepared foods
Using separate sterile pipets, prepare decimal dilutions of 10-2, 10-3, 10-4, and others as
appropriate, of food homogenate (see Chapter 1 (/food/laboratory-methods/bamfood-samplingpreparation-sample-homogenate) for sample preparation) by
transferring 10 ml of previous dilution to 90 ml of diluent. Avoid sampling foam. Shake
all dilutions 25 times in 30 cm (1 ft) arc within 7 s. Pipet 1 ml of each dilution into
separate, duplicate, appropriately marked petri dishes. Reshake dilution bottle 25
times in 30 cm arc within 7 s if it stands more than 3 min before it is pipetted into petri
dish. Add 12-15 ml plate count agar (cooled to 45 ± 1°C) to each plate within 15 min of
original dilution. For milk samples, pour an agar control, pour a dilution water control
and pipet water for a pipet control. Add agar to the latter two for each series of
samples. Add agar immediately to petri dishes when sample diluent contains
hygroscopic materials, e.g., flour and starch. Pour agar and dilution water control
plates for each series of samples. Immediately mix sample dilutions and agar medium

thoroughly and uniformly by alternate rotation and back-and-forth motion of plates on
flat level surface. Let agar solidify. Invert solidified petri dishes, and incubate promptly
for 48 ± 2 h at 35°C. Do not stack plates when pouring agar or when agar is solidifying.
C. Guidelines for calculating and reporting APCs in uncommon cases
Official Methods of Analysis (3) does not provide guidelines for counting and reporting
plate counts, whereas Standard Methods for the Examination of Dairy Products, 16th
ed. (2) presents detailed guidelines; for uniformity, therefore, use APHA guidelines as
modified (6,8). Report all aerobic plate counts (2) computed from duplicate plates. For
milk samples, report all aerobic plate (2) counts computed from duplicate plates
containing less than 25 colonies as less than 25 estimated count. Report all aerobic
plate counts (2) computed from duplicate plates containing more than 250 colonies as
estimated counts. Counts outside the normal 25-250 range may give erroneous
indications of the actual bacterial composition of the sample. Dilution factors may
exaggerate low counts (less than 25), and crowded plates (greater than 250) may be
difficult to count or may inhibit the growth of some bacteria, resulting in a low count.
Report counts less than 25 or more than 250 colonies as estimated aerobic plate counts
(EAPC). Use the following guide:
1. Normal plates (25-250). Select spreader-free plate(s). Count all colony forming
units (CFU), including those of pinpoint size, on selected plate(s). Record
dilution(s) used and total number of colonies counted.
2. Plates with more than 250 colonies. When number of CFU per plate exceeds 250,
for all dilutions, record the counts as too numerous to count (TNTC) for all but
the plate closest to 250, and count CFU in those portions of plate that are
representative of colony distribution. See ref. 2 for detailed guidelines. Mark
calculated APC with EAPC to denote that it was estimated from counts outside
25-250 per plate range (see D-3).
3. Spreaders. Spreading colonies are usually of 3 distinct types: 1) a chain of
colonies, not too distinctly separated, that appears to be caused by disintegration
of a bacterial clump; 2) one that develops in film of water between agar and
bottom of dish; and 3) one that forms in film of water at edge or on surface of
agar. If plates prepared from sample have excessive spreader growth so that (a)
area covered by spreaders, including total area of repressed growth, exceeds 50%
of plate area, or (b) area of repressed growth exceeds 25% of plate area, report
plates as spreaders. When it is necessary to count plates containing spreaders not
eliminated by (a) or (b) above, count each of the 3 distinct spreader types as one
source. For the first type, if only one chain exists, count it as a single colony. If
one or more chains appear to originate from separate sources, count each source
as one colony. Do not count each individual growth in such chains as a separate
colony. Types 2 and 3 usually result in distinct colonies and are counted as such.
Combine the spreader count and the colony count to compute the APC.

4. Plates with no CFU. When plates from all dilutions have no colonies, report APC
as less than 1 times the corresponding lowest dilution used. Mark calculated APC
with asterisk to denote that it was estimated from counts outside the 25-250 per
plate range. When plate(s) from a sample are known to be contaminated or
otherwise unsatisfactory, record the result(s) as laboratory accident (LA).
D. Computing and recording counts (see refs 6, 8)
To avoid creating a fictitious impression of precision and accuracy when computing
APC, report only the first two significant digits. Round off to two significant figures
only at the time of conversion to SPC. For milk samples, when plates for all dilutions
have no colonies, report APC as less than 25 colonies estimated count. Round by
raising the second digit to the next highest number when the third digit is 6, 7, 8, or 9
and use zeros for each successive digit toward the right from the second digit. Round
down when the third digit is 1, 2, 3, or 4. When the third digit is 5, round up when the
second digit is odd and round down when the second digit is even.
Examples
Calculated Count

APC
12,700

13,000

12,400

12,000

15,500

16,000

14,500

14,000

1. Plates with 25-250 CFU.

a. Calculate the APC as follows:

= 537/0.022
= 24,409
≈ 24,000
b. When counts of duplicate plates fall within and without the 25-250 colony
range, use only those counts that fall within this range.
2. All plates with fewer than 25 CFU. When plates from both dilutions yield fewer
than 25 CFU each, record actual plate count but record the count as less than
25 × 1/d when d is the dilution factor for the dilution from which the first counts
were obtained.

Example
Colonies
1:100

1:1000

EAPC/ml (g)

18

2

<>

0

0

<>

3. All plates with more than 250 CFU. When plates from both 2 dilutions yield
more than 250 CFU each (but fewer than 100/cm2), estimate the aerobic counts
from the plates (EAPC) nearest 250 and multiply by the dilution.
Example
Colonies
1:100

1:1000
TNTC

EAPC/ml (g)
640

640,000

TNTC, too numerous to count.
EAPC, estimated aerobic plate count.
4. All plates with spreaders and/or laboratory accident. Report respectively as
Spreader (SPR), or Laboratory Accident (LA).
5. All plates with more than an average of 100 CFU per sq cm. Estimate the APC as
greater than 100 times the highest dilution plated, times the area of the plate. The
examples below have an average count of 110 per sq cm.
Example
Colonies/Dilution
1:100

1:1000

EAPC/ml (g)

TNTC

7,150(a)

>6,500,000 EAPC(b)

TNTC

6,490

>5,900,000 EAPC

a

Based on plate area of 65 cm2
b
EAPC, estimated APC
c
Based on plate area of 59 cm2

Spiral Plate Method

The spiral plate count (SPLC) method for microorganisms in milk, foods, and cosmetics is an
official method of the APHA (2) and the AOAC (3). In this method, a mechanical plater
inoculates a rotating agar plate with liquid sample. The sample volume dispensed decreases
as the dispensing stylus moves from the center to the edge of the rotating plate. The
microbial concentration is determined by counting the colonies on a part of the petri dish
where they are easily countable and dividing this count by the appropriate volume. One
inoculation determines microbial densities between 500 and 500,000 microorganisms/ml.
Additional dilutions may be made for suspected high microbial concentrations.
A. Equipment and materials
1. Spiral plater (Spiral Systems Instruments, Inc., 7830 Old Georgetown Road,
Bethesda, MD 20814)
2. Spiral colony counter (Spiral Systems) with special grid for relating deposited
sample volumes to specific portions of petri dishes
3. Vacuum trap for disposal of liquids (2-4 liter vacuum bottle to act as vacuum
reservoir and vacuum source of 50-60 cm Hg)
4. Disposable micro beakers, 5 ml
5. Petri dishes, plastic or glass, 150 × 15 mm or 100 × 15 mm
6. Plate count agar (standard methods) (M124 (/food/laboratory-methods/bammedia-m124-plate-count-agar-standard-methods))
7. Calculator (optional), inexpensive electronic hand calculator is recommended
8. Polyethylene bags for storing prepared plates
9. Commercial sodium hypochlorite solution, about 5% NaOCl (bleach)
10. Sterile dilution water
11. Syringe, with Luer tip for obstructions in stylus; capacity not critical
12. Work area, storage space, refrigerator, thermometers, tally, incubator, as
described for Conventional Plate Count Method, above.
13. Sodium hypochlorite solution (5.25%). Available commercially.
B. Preparation of agar plates.
Automatic dispenser with sterile delivery system is recommended to prepare agar
plates. Agar volume dispensed into plates is reproducible and contamination rate is low
compared to hand-pouring of agar in open laboratory. When possible, use laminar air
flow hood along with automated dispenser. Pour same quantity of agar into all plates so
that same height of agar will be presented to spiral plater stylus tip to maintain contact
angle. Agar plates should be level during cooling.
The following method is suggested for prepouring agar plates: Use automatic dispenser
or pour constant amount (about 15 ml/100 mm plate; 50 ml/150 mm plate) of sterile
agar at 60-70°C into each petri dish. Let agar solidify on level surface with poured

plates stacked no higher than 10 dishes. Place solidified agar plates in polyethylene
bags, close with ties or heat-sealer, and store inverted at 0-4.4°C. Bring prepoured
plates to room temperature before inoculation.
C. Preparation of samples.
As described in Chapter 1, select that part of sample with smallest amount of
connective tissues or fat globules.
D. Description of spiral plater.
Spiral plater inoculates surface of prepared agar plate to permit enumeration of
microorganisms in solutions containing between 500 and 500,000 microorganisms
per ml. Operator with minimum training can inoculate 50 plates per h. Within range
stated, dilution bottles or pipets and other auxiliary equipment are not required.
Required bench space is minimal, and time to check instrument alignment is less than
2 min. Plater deposits decreasing amount of sample in Archimedean spiral on surface
of prepoured agar plate. Volume of sample on any portion of plate is known. After
incubation, colonies appear along line of spiral. If colonies on a portion of plate are
sufficiently spaced from each other, count them on special grid which associates a
calibrated volume with each area. Estimate number of microorganisms in sample by
dividing number of colonies in a defined area by volume contained in same area.
Studies have shown the method to be proficient not only with milk (4) but also with
other foods (7,10).
E. Plating procedure
Check stylus tip angle daily and adjust if necessary. (Use vacuum to hold microscope
cover slip against face of stylus tip; if cover slip plane is parallel at about l mm from
surface of platform, tip is properly oriented). Liquids are moved through system by
vacuum. Clean stylus tip by rinsing for 1 s with sodium hypochlorite solution followed
by sterile dilution water for 1 s before sample introduction. This rinse procedure
between processing of each sample minimizes cross-contamination. After rinsing, draw
sample into tip of Teflon tubing by vacuum applied to 2-way valve. When tubing and
syringe are filled with sample, close valve attached to syringe. Place agar plate on
platform, place stylus tip on agar surface, and start motor. During inoculation, label
petri plate lid. After agar has been inoculated, stylus lifts from agar surface and spiral
plater automatically stops. Remove inoculated plate from platform and cover it. Move
stylus back to starting position. Vacuum-rinse system with hypochlorite and water, and
then introduce new sample. Invert plates and promptly place them in incubator for 48
± 3 h at 35 ± 1°C.
F. Sterility controls
Check sterility of spiral plater for each series of samples by plating sterile dilution
water. CAUTION: Prepoured plates should not be contaminated by a surface colony or
be below room temperature (water can well-up from agar). They should not be
excessively dry, as indicated by large wrinkles or glazed appearance. They should not

have water droplets on surface of agar or differences greater than 2 mm in agar depth,
and they should not be stored at 0-4.4°C for longer than l month. Reduced flow rate
through tubing indicates obstructions or material in system. To clear obstructions,
remove valve from syringe, insert hand-held syringe with Luer fitting containing water,
and apply pressure. Use alcohol rinse to remove residual material adhering to walls of
system. Dissolve accumulated residue with chromic acid. Rinse well after cleaning.
G. Counting grid
1. Description. Use same counting grid for both 100 and 150 mm petri dishes. A
mask is supplied for use with 100 mm dishes. Counting grid is divided into 8
equal wedges; each wedge is divided by 4 arcs labeled l, 2, 3, and 4 from outside
grid edge. Other lines within these arcs are added for ease of counting. A segment
is the area between 2 arc lines within a wedge. Number of areas counted (e.g., 3)
means number of segments counted within a wedge. Spiral plater deposits
sample on agar plate in the same way each time. The grid relates colonies on
spiral plate to the volume in which they were contained. When colonies are
counted with grid, sample volume becomes greater as counting starts at outside
edge of plate and proceeds toward center of plate.
2. Calibration. The volume of sample represented by various parts of the counting
grid is shown in operator's manual that accompanies spiral plater. Grid area
constants have been checked by the manufacturer and are accurate. To verify
these values, prepare 11 bacterial concentrations in range of 106-103 cells/ml by
making 1:1 dilutions of bacterial suspension (use a nonspreader). Plate all
Incubate both sets of plates for 48 ± 3 h at 35 ± 1°C. Calculate concentrations for
each dilution. Count spiral plates over grid surface, using counting rule of 20
(described in H, below), and record number of colonies counted and grid area
over which they were counted. Each spiral colony count for a particular grid area,
divided by aerobic count/ml for corresponding spirally plated bacterial
concentrations, indicates volume deposited on that particular grid area. Use the
following formula:

To check total volume dispensed by spiral plater, weigh amount dispensed from stylus
tip. Collect in tared 5 ml plastic beaker and weigh on analytical balance (± 0.2 mg).
Fig. 1 10 cm plate

Figure 1. 10 cm plate, area (3b)

H. Examination and reporting of spiral plate counts.
Counting rule of 20. After incubation, center spiral plate over grid by adjusting holding
arms on viewer. Choose any wedge and begin counting colonies from outer edge of first
segment toward center until 20 colonies have been counted. Complete by counting
remaining colonies in segment where 20th colony occurs. In this counting procedure,
numbers such as 3b, 4c (Fig. l) refer to area segments from outer edge of wedge to
designated arc line. Any count irregularities in sample composition are controlled by
counting the same segments in the opposite wedge and recording results. Example of
spirally inoculated plate (Fig. l) demonstrates method for determining microbial count.
Two segments of each wedge were counted on opposite sides of plate with 31 and 30
colonies, respectively. The sample volume contained in the darkened segments is
0.0015 ml. To estimate number of microorganisms, divide count by volume contained
in all segments counted. See example under Fig. l.
If 20 CFU are not within the 4 segments of the wedge, count CFU on entire plate. If the
number of colonies exceeds 75 in second, third, or fourth segment, which also contains
the 20th colony, the estimated number of microorganisms will generally be low
because of coincidence error associated with crowding of colonies. In this case, count
each circumferentially adjacent segment in all 8 wedges, counting at least 50 colonies,
e.g., if the first 2 segments of a wedge contain 19 colonies and the third segment
contains the 20th and 76th (or more), count colonies in all circumferentially adjacent
first and second segments in all 8 wedges. Calculate contained volume in counted
segments of wedges and divide into number of colonies.
When fewer than 20 colonies are counted on the total plate, report results as "less than
500 estimated SPLC per ml." If colony count exceeds 75 in first segment of wedge,
report results as "greater than 500,000 estimated SPLC per ml." Do not count spiral
plates with irregular distribution of colonies caused by dispensing errors. Report
results of such plates as laboratory accident (LA). If spreader covers entire plate,
discard plate. If spreader covers half of plate area, count only those colonies that are
well distributed in spreader-free areas.

Compute SPLC unless restricted by detection of inhibitory substances in sample,
excessive spreader growth, or laboratory accidents. Round off counts as described in ID, above. Report counts as SPLC or estimated SPLC per ml.
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AOAC Official Method 2015.01
Heavy Metals in Food
Inductively Coupled Plasma–Mass Spectrometry
First Action 2015

Note: The following is not intended to be used as a comprehensive
training manual. Analytical procedures are written based on the
assumption that they will be performed by technicians who are
formally trained in at least the basic principles of chemical analysis
and in the use of the subject technology.
{Applicable for the determination of heavy metals [arsenic
(As), CAS No. 7440-38-2; cadmium (Cd), CAS No. 7440-439; lead (Pb), CAS No. 7439-92-1; and mercury (Hg), CAS No.
7439-97-6] at trace levels in food and beverage samples, including
solid chocolate, fruit juice, fish, infant formula, and rice, using
microwave digestion and inductively coupled plasma–mass
spectrometry (ICP-MS).}
Caution: Nitric acid and hydrochloric acid are corrosive. When
working with these acids, wear adequate protective gear,
including eye protection, gloves with the appropriate
resistance, and a laboratory coat. Use an adequate fume
hood for all acids.
Hydrogen peroxide is a strong oxidizer and can react
violently with organic material to give off oxygen gas
and heat. Adequate protective gear should be worn.
Many of the chemicals have toxicities that are not well
established and must be handled with care. For all known
chemicals used, consult the Material Safety Data Sheet
(MSDS) in advance.
The inductively coupled plasma–mass spectrometer
emits UV light when the plasma is on. UV resistant
goggles should be worn if working near the plasma.
The instrument generates high levels of radio frequency
(RF) energy and is very hot when the plasma is on. In the
case of an instrument failure, be aware of these potential
dangers.
Safely store interference reduction technology (IRT)
gases, such as oxygen, in a closed, ventilated cabinet. Use
adequate caution with pressurized gases. Prior training
or experience is necessary to change any gas cylinders.
Oxygen gas can cause many materials to ignite easily.
Following microwave digestion, samples are hot to the
touch. Allow the samples to cool to room temperature
before opening the digestion vessels to avoid unexpected
depressurization and potential release of toxic fumes.
A. Principle

Food samples are thoroughly homogenized and then prepared
by microwave digestion and the addition of dilute solutions of
gold (Au) and lutetium (Lu). The Au is used to stabilize the Hg in
the preparation, and the Lu is used to assess the potential loss of
analyte during the microwave digestion process.
A prepared, diluted, aqueous sample digestate is pumped through
a nebulizer, where the liquid forms an aerosol as it enters a spray
chamber. The aerosol separates into a fine aerosol mist and larger

aerosol droplets. The larger droplets exit the spray chamber while
the fine mist is transported into the ICP torch.
Inside the ICP torch, the aerosol mist is transported into a hightemperature plasma, where it becomes atomized and ionized as it
passes through an RF load coil. The ion stream is then focused
by a single ion lens through a cylinder with a carefully controlled
electrical field. For instruments equipped with dynamic reaction cell
(DRC) or collision cell IRT, the focused ion stream is directed into
the reaction/collision cell where, when operating with a pressurized
cell, the ion beam will undergo chemical modifications and/or
collisions to reduce elemental interferences. When not operating
with a pressurized cell, the ion stream will remain focused as it
passes through the cell with no chemical modification taking place.
The ion stream is then transported to the quadrupole mass
filter, where only ions having a desired mass-to-charge ratio (m/z)
are passed through at any moment in time. The ions exiting the
mass filter are detected by a solid-state detector and the signal is
processed by the data handling system.
B. Equipment

Perform routine preventative maintenance for the equipment
used in this procedure.
An ultra-clean laboratory environment is critical for the
successful production of quality data at ultra-low levels. All sample
preparation must take place in a clean hood (Class 100). Metallic
materials should be kept to a minimum in the laboratory and coated
with an acrylic polymer gel where possible. Adhesive floor mats
should be used at entrances to the laboratory and changed regularly
to prevent the introduction of dust and dirt from the outside
environment. Wear clean-room gloves and change whenever
contact is made with anything non-ultra-clean. The laboratory floor
should be wiped regularly to remove any particles without stirring
up dust. Note: “Ultra-clean” (tested to be low in the analytes of
interest) reagents, laboratory supplies, facilities, and sample
handling techniques are required to minimize contamination in
order to achieve the trace-level detection limits described herein.
(a) Instrumentation.—ICP-MS instrument, equipped with IRT
with a free-running 40 MHz RF generator; and controllers for
nebulizer, plasma, auxiliary, and reaction/collision flow control.
The quadrupole mass spectrometer has a mass range of 5 to 270
atomic mass units (amu). The turbo molecular vacuum system
achieves 10–6 torr or better. Recommended ICP-MS components
include an RF coil, platinum skimmer and sampler cones, Peltiercooled quartz cyclonic spray chamber, quartz or sapphire injector,
micronebulizer, variable speed peristaltic pump, and various types of
tubing (for gases, waste, and peristaltic pump). Note: The procedure
is written specifically for use with a PerkinElmer ELAN DRC II
ICP-MS (www.perkinelmer.com). Equivalent procedures may be
performed on any type of ICP-MS instrument with equivalent IRT
if the analyst is fully trained in the interpretation of spectral and
matrix interferences and procedures for their correction, including
the optimization of IRT. For example, collision cell IRT can be used
for arsenic determination using helium gas.
(b) Gases.—High-purity grade liquid argon (>99.996%).
Additional gases are required for IRT (such as ultra-x grade,
99.9999% minimum purity oxygen, used for determination of As
in DRC mode with some PerkinElmer ICP-MS instruments).
(c) Analytical balance.—Standard laboratory balance suitable
for sample preparation and capable of measuring to 0.1 mg.
(d) Clean-room gloves.—Tested and certified to be low in the
metals of interest.
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(e) Microwave digestion system.—Laboratory microwave
digestion system with temperature control and an adequate supply
of chemically inert digestion vessels. The microwave should be
appropriately vented and corrosion resistant.
(1) The microwave digestion system must sense the temperature
to within ±2.5°C and automatically adjust the microwave field
output power within 2 s of sensing. Temperature sensors should
be accurate to ±2°C (including the final reaction temperature of
190°C). Temperature feedback control provides the primary control
performance mechanism for the method.
(2) The use of microwave equipment with temperature
feedback control is required to control the unfamiliar reactions
of unique or untested food or beverage samples. These tests may
require additional vessel requirements, such as increased pressure
capabilities.
(f) Autosampler cups.—15 and 50 mL; vials are precleaned by
soaking in 2–5% (v/v) HNO3 overnight, rinsed three times with
reagent water/deionized water (DIW), and dried in a laminar
flow clean hood. For the 50 mL vials, as these are used to prepare
standards and bring sample preparations to final volume, the bias
and precision of the vials must be assessed and documented prior to
use. The recommended procedure for this is as follows:
(1) For every case of vials from the same lot, remove 10 vials.
(2) Tare each vial on an analytical balance, and then add reagent
water up to the 20 mL mark. Repeat procedure by adding reagent
water up to the 50 mL mark.
(3) Measure and record the mass of reagent water added, and
then calculate the mean and RSD of the 10 replicates at each
volume.
(4) To evaluate bias, the mean of the measurements must be with
±3% of the nominal volume. To evaluate precision, the RSD of the
measurements must be ≤3% using the stated value (20 or 50 mL)
in place of the mean.
(g) Spatulas.—To weigh out samples; should be acid-cleaned
plastic (ideally Teflon) and cleaned by soaking in 2% (v/v) HNO3
prior to use.
C. Reagents and Standards

Reagents may contain elemental impurities that could negatively
affect data quality. High-purity reagents should always be used.
Each reagent lot should be tested and certified to be low in the
elements of interest before use.
(a) DIW.—ASTM Type I; demonstrated to be free from the
metals of interest and potentially interfering substances.
(b) Nitric acid (HNO3).—Concentrated; tested and certified to
be low in the metals of interest.
(c) Hydrogen peroxide (H2O2).—Optima grade or equivalent,
30–32% assay.
(d) Stock standard solutions.—Obtained from a reputable and
professional commercial source.
(1) Single-element standards.—Obtained for each determined
metal, as well as for any metals used as internal standards and
interference checks.
(2) Second source standard.—Independent from the singleelement standard; obtained for each determined metal.
(3) Multi-element stock standard solution.—Elements must be
compatible and stable in solutions together. Stability is determined
by the vendor; concentrations are then verified before use of the
standard.
(e) Internal standard solution.—For analysis of As, Cd, Pb,
and Hg in food matrices, an internal standard solution of 40 μg/L

Table 2015.01A. Recommended concentrations for the
calibration curve
Standard

As, µg/L

Cd, µg/L

Pb, µg/L

Hg, µg/L

0

0.00

0.00

0.000

0.00

1

0.01

0.01

0.005

0.01

2

0.02

0.02

0.010

0.05

3

0.10

0.10

0.050

0.10

4

0.50

0.50

0.250

0.50

5

5.00

5.00

2.500

2.00

6

20.00

20.00

10.000

5.00

rhodium (Rh), indium (In), and thulium (Tm) is recommended.
Rh is analyzed in DRC mode for correction of the As signal. In
addition, the presence of high levels of elements, such as carbon
and chlorine, in samples can increase the effective ionization
of the plasma and cause a higher response factor for arsenic in
specific samples. This potential interference is addressed by the
on-line addition of acetic acid (or another carbon source, such
as methanol), which greatly increases the effective ionization of
incompletely ionized analytes, and decreases the potential increase
caused by sample characteristics. The internal standard solution
should be prepared in 20% acetic acid.
(f) Calibration standards.—Fresh calibration standards should
be prepared every day, or as needed.
(1) Dilute the multi-element stock standard solutions into 50 mL
precleaned autosampler vials with 5% HNO3 in such a manner as to
create a calibration curve. The lowest calibration standard (STD 1)
should be equal to or less than the limit of quantitation (LOQ) when
recalculated in units specific to the reported sample results.
(2) See Table 2015.01A for recommended concentrations for the
calibration curve.
(g) Initial calibration verification (ICV) solution.—Made up
from second source standards in order to verify the validity of the
calibration curve.
(h) Calibration solutions.—Daily optimization, tuning, and
dual detector calibration solutions, as needed, should be prepared
and analyzed per the instrument manufacturer’s suggestions.
(i) Certified Reference Materials (CRMs).—CRMs should
preferably match the food matrix type being analyzed and contain
the elements of interest at certified concentrations above the LOQ.
Recommended reference materials include NIST SRM 1568a (Rice
Flour), NIST SRM 1548a (Typical Diet), NRCC CRM DORM-3
(Dogfish Muscle), and NIST SRM 2976 (Mussel Tissue).
(j) Spiking solution.—50 mg/L Au and Lu in 5% (v/v) HNO3.
Prepared from single-element standards.
D. Contamination and Interferences

(a) Well-homogenized samples and small reproducible aliquots
help minimize interferences.
(b) Contamination.—(1) Contamination of the samples during
sample handling is a great risk. Extreme care should be taken to
avoid this. Potential sources of contamination during sample
handling include using metallic or metal-containing homogenization
equipment, laboratory ware, containers, and sampling equipment.
(2) Contamination of samples by airborne particulate matter
is a concern. Sample containers must remain closed as much as
possible. Container lids should only be removed briefly and in a
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clean environment during sample preservation and processing, so
that exposure to an uncontrolled environment is minimized.
(c) Laboratory.—(1) All laboratory ware (including pipet
tips, ICP-MS autosampler vials, sample containers, extraction
apparatus, and reagent bottles) should be tested for the presence
of the metals of interest. If necessary, the laboratory ware should
be acid-cleaned, rinsed with DIW, and dried in a Class 100 laminar
flow clean hood.
(2) All autosampler vials should be cleaned by storing them in
2% (v/v) HNO3 overnight and then rinsed three times with DIW.
Then dry vials in a clean hood before use. Glass volumetric flasks
should be soaked in about 5% HNO3 overnight prior to use.
(3) All reagents used for analysis and sample preparation should
be tested for the presence of the metals of interest prior to use in
the laboratory. Due to the ultra-low detection limits of the method,
it is imperative that all the reagents and gases be as low as possible
in the metals of interest. It is often required to test several different
sources of reagents until an acceptable source has been found.
Metals contamination can vary greatly from lot to lot, even when
ordering from the same manufacturer.
(4) Keep the facility free from all sources of contamination for
the metals of interest. Replace laminar flow clean hood HEPA filters
with new filters on a regular basis, typically once a year, to reduce
airborne contaminants. Metal corrosion of any part of the facility
should be addressed and replaced. Every piece of apparatus that is
directly or indirectly used in the processing of samples should be
free from contamination for the metals of interest.
(d) Elemental interferences.—Interference sources that may
inhibit the accurate collection of ICP-MS data for trace elements
are addressed below.
(1) Isobaric elemental interferences.—Isotopes of different
elements that form singly or doubly charged ions of the same m/z
and cannot be resolved by the mass spectrometer. Data obtained
with isobaric overlap must be corrected for that interference.
(2) Abundance sensitivity.—Occurs when part of an elemental
peak overlaps an adjacent peak. This often occurs when measuring
a small m/z peak next to a large m/z peak. The abundance sensitivity
is affected by ion energy and quadrupole operating pressure. Proper
optimization of the resolution during tuning will minimize the
potential for abundance sensitivity interferences.
(3) Isobaric polyatomic interferences.—Caused by ions,
composed of multiple atoms, which have the same m/z as the
isotope of interest, and which cannot be resolved by the mass
spectrometer. These ions are commonly formed in the plasma or
the interface system from the support gases or sample components.
The objective of IRT is to remove these interferences, making the
use of correction factors unnecessary when analyzing an element
in DRC mode. Elements not determined in DRC mode can be
corrected by using correction equations in the ICP-MS software.
(e) Physical interferences.—(1) Physical interferences occur
when there are differences in the response of the instrument from
the calibration standards and the samples. Physical interferences
are associated with the physical processes that govern the transport
of sample into the plasma, sample conversion processes in the
plasma, and the transmission of ions through the plasma-mass
spectrometer interface.
(2) Physical interferences can be associated with the transfer of
solution to the nebulizer at the point of nebulization, transport of
aerosol to the plasma, or during excitation and ionization processes
in the plasma. High levels of dissolved solids in a sample can
result in physical interferences. Proper internal standardization

Table 2015.01B.
Element
Cd

Hg

Pb
a

a

Recommended isotopes for analysis

Isotope, amu

Isotopic
abundance, %

Potential
interferences

111

13

MoO+

114

29

MoO+, Sn+

200

23

WO+

202

30

WO+

Sum of
206, 207, and 208

99

OsO+

 Allowance for isotopic variability of lead isotopes.

(choosing internal standards that have analytical behavior similar
to the associating elements) can compensate for many physical
interferences.
(f) Resolution of interferences.—(1) For elements that are
subject to isobaric or polyatomic interferences (such as As), it is
advantageous to use the DRC mode of the instrument. This section
specifically describes a method of using IRT for interference
removal for As using a PerkinElmer DRC II and oxygen as the
reaction gas. Other forms of IRT may also be appropriate.
(a) Arsenic, which is monoisotopic, has an m/z of 75 and is prone
to interferences from many sources, most notably from chloride
(Cl), which is common in many foods (e.g., salt). Argon (Ar), used
in the ICP-MS plasma, forms a polyatomic interference with Cl at
m/z 75 [35Cl + 40Ar = 75(ArCl)].
(b) When arsenic reacts with the oxygen in the DRC cell, 75As16O is
formed and measured at m/z 91, which is free of most interferences.
The potential 91Zr interference is monitored for in the following
ways: 90Zr and 94Zr are monitored for in each analytical run, and if a
significant Zr presence is detected, then 75As16O measured at m/z 91
is evaluated against the 75As result. If a significant discrepancy is
present, then samples may require analysis using alternative IRT,
such as collision cell technology (helium mode).
(c) Instrument settings used (for PerkinElmer DRC II): DRC
settings for 91(AsO) and 103Rh include an RPq value of 0.7 and a cell
gas flow rate of 0.6 L/min. Cell conditions, especially cell gas flow
rates, may be optimized for specific analyte/matrix combinations,
as needed. In such cases, the optimized methods will often have
slightly different RPq and cell gas flow values.
(2) For multi-isotopic elements, more than one isotope should
be measured to monitor for potential interferences. For reporting
purposes, the most appropriate isotope should be selected based
on review of data for matrix interferences and based on the
sensitivity (or relative abundance) of each isotope. The table
below lists the recommended isotopes to measure. Low abundance
isotopes are not recommended for this method as it is specifically
applicable for ultra-low level concentrations (8–10 ppb LOQs). See
Table 2015.01B.
(g) Memory effects.—Minimize carryover of elements in a
previous sample in the sample tubing, cones, torch, spray chamber,
connections, and autosampler probe by rinsing the instrument with
a reagent blank after samples high in metals concentrations are
analyzed. Memory effects for Hg can be minimized through the
addition of Au to all standard, samples, and quality control (QC)
samples.
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Table 2015.01C.
microwave

Digestion program for Berghof Speedwave 4

Table 2015.01E.

Digestion program for infant formula
Ramp, min

Hold, min

Temp., °C

Ramp, min

Hold, min

1

180

20

20

1

145

1

1

2

Cool down

NA

20

2

50

1

1

3

200

20

20

3

145

1

1

4

Cool down

NA

20

4

170

1

10

5

190

1

10

Step

Step

E. Sample Handling and Storage

(a) Food and beverage samples should be stored in their typical
commercial storage conditions (either frozen, refrigerated, or at
room temperature) until analysis. Samples should be analyzed
within 6 months of preparation.
(b) If food or beverage samples are subsampled from their
original storage containers, ensure that containers are free from
contamination for the elements of concern.
F. Sample Preparation

(a) Weigh out sample aliquots (typically 0.25 g of as-received or
wet sample) into microwave digestion vessels.
(b) Add 4 mL of concentrated HNO3 and 1 mL of 30% hydrogen
peroxide (H2O2) to each digestion vessel.
(c) Add 0.1 mL of the 50 mg/L Au + Lu solution to each
digestion vessel.
(d) Cap the vessels securely (and insert into pressure jackets, if
applicable). Place the vessels into the microwave system according
to the manufacturer’s instructions, and connect the appropriate
temperature and/or pressure sensors.
(e) Samples are digested at a minimum temperature of 190°C for
a minimum time of 10 min. Appropriate ramp times and cool down
times should be included in the microwave program, depending
on the sample type and model of microwave digestion system.
Microwave digestion is achieved using temperature feedback
control. Microwave digestion programs will vary depending on
the type of microwave digestion system used. When using this
mechanism for achieving performance-based digestion targets,
the number of samples that may be simultaneously digested may
vary. The number will depend on the power of the unit, the number
of vessels, and the heat loss characteristics of the vessels. It is
essential to ensure that all vessels reach at least 190°C and be held
at this temperature for at least 10 min. The monitoring of one vessel
as a control for the batch/carousel may not accurately reflect the
temperature in the other vessels, especially if the samples vary in
composition and/or sample mass. Temperature measurement and
control will depend on the particular microwave digestion system.
(1) Note: a predigestion scheme for samples that react vigorously
to the addition of the acid may be required.
(2) The method performance data presented in this method
was produced using a Berghof Speedwave 4 microwave digestion
Table 2015.01D.
microwave
Step

Digestion program for CEM MARS 6

Temp., °C

Ramp, min

Hold, min

1

190

20

10

2

Cool down

NA

10

Temp., °C

system, with the program listed in Table 2015.01C (steps 1 and 2
are a predigestion step).
(3) Equivalent results were achieved using the program listed in
Table 2015.01D on a CEM MARS 6 microwave digestion system
using the 40-position carousel and 55 mL Xpress digestion vessels.
(4) For infant formula samples, the program described in
Table 2015.01E has been shown to work effectively.
(f) Allow vessels to cool to room temperature and slowly open.
Open the vessels carefully, as residual pressure may remain and
digestate spray is possible. Pour the contents of each vessel into an
acid-cleaned 50 mL HDPE centrifuge tube and dilute with DIW to
a final volume of 20 mL.
(g) Digestates are diluted at least 4x prior to analysis with
the 1% (v/v) HNO3 diluent. When the metals concentration of a
sample is unknown, the samples may be further diluted or analyzed
using a total quantification method prior to being analyzed with a
comprehensive quantitative method. This protects the instrument
and the sample introduction system from potential contamination
and damage.
(h) Food samples high in calcium carbonate (CaCO3) will not
fully digest. In such cases, the CRM can be used as a gauge for an
appropriate digestion time.
(i) QC samples to be prepared with the batch (a group of samples
and QC samples that are prepared together) include a minimum of
three method blanks, duplicate for every 10 samples, matrix spike/
matrix spike duplicate (MS/MSD) for every 10 samples, blank
spike, and any matrix-relevant CRMs that are available.
G. Procedure

(a) Instrument startup.—(1) Instrument startup routine and initial
checks should be performed per manufacturer recommendations.
(2) Ignite the plasma and start the peristaltic pump. Allow
plasma and system to stabilize for at least 30 min.
(b) Optimizations.—(1) Perform an optimization of the sample
introduction system (e.g., X-Y and Z optimizations) to ensure
maximum sensitivity.
(2) Perform an instrument tuning or mass calibration routine
whenever there is a need to modify the resolution for elements,
or monthly (at a minimum), to ensure the instrument’s quadrupole
mass filtering performance is adequate. Measured masses should
be ±0.1 amu of the actual mass value, and the resolution (measured
peak width) should conform to manufacturer specifications.
(3) Optimize the nebulizer gas flow for best sensitivity while
maintaining acceptable oxide and double-charged element
formation ratios.
(4) Perform a daily check for instrument sensitivity, oxide
formation ratios, double-charged element formation ratios, and
background. If the performance check is not satisfactory, additional
optimizations (a “full optimization”) may be necessary.
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Method accuracy

Certified Reference Material (CRM)

Check for matrix interference

Post-preparation spike (PS)
Method accuracy

Method accuracy and precision
within a given matrix

Matrix spikes/matrix spike
duplicates (MS/MSD)

Laboratory fortified blank (LFB) or
blank spike (BS)

Method precision within a given
matrix

Method duplicates (MD)

Accuracy

Continuing calibration verification
(CCV)

Contamination from reagents,
lab ware, etc.

Independent check of system
performance

Initial calibration verification (ICV)

Method blanks (MB)

Assessment of potential loss
during digestion

Variation in sample properties
between samples and standards

Internal standards

Lu digestion check spike

Linearity of the calibration curve

Measure

Summary of quality control samples

Calibration standards

QC sample

Table 2015.01F.
Minimum frequency

Must be matrix-matched to
samples; minimum of
one per batch

Minimum of one per batch

When required (samples spiked too low/high,
dilution test fails, etc.)

Minimum of one per 10 samples

Minimum of one per 10 samples

Minimum of three per batch

At beginning and end of analysis and one per
10 injections

One following instrument
calibration

Added to every digested
samples

Each standard, blank, and
sample is spiked with
internal standard

Analyzed once per analytical day

Acceptance criteria

Recovery = 75–125% unless
limits set by CRM manufacturer
are greater or element/CRM
specific limits have been
established

Recovery = 75–125%

Recovery = 75–125%

Recovery = 70–130% and
RPD ≤ 30%

RPD ≤ 30% or ±2x LOQ if results ≤5x LOQ

Mean ≤ MRL; SD ≤ MDL or MBs <1/10th
sample result

Recovery = 85–115%

Recovery = 90–110%

Recovery ≥75%

60–125% recovery compared to calibration
blank

Correlation coefficient ≥0.995, 1st standard
≤MRL, low standard recovery = 75–125%,
all other standard recoveries = 80–120%

Corrective action

If CRM true value is ≥5x the LOQ and recovery is
outside of the control limit, then batch must be
re-prepared and reanalyzed

If LFB recovery is outside of the control limit,
then batch must be re-prepared and reanalyzed

Analyze samples using MSA or results
flagged accordingly

If RPD >30%, results must be qualified

If RPD criteria not met, then sample may be
re-prepared and reanalyzed, but this is not required.
Sample matrix may be inhomogeneous.
A post-digestion duplicate (PDD) can be analyzed
to evaluate instrument precision.

Determine and eliminate cause of contamination.
Affected samples must be re-prepared
and reanalyzed.

Halt analysis, correct problem, recalibrate, and
reanalyze affected samples

Correct problem prior to continuing analysis.
Recalibrate if necessary.

Re-prepare the sample

If the responses of the internal standards in the
following CCB are within the limit, rerun the
sample at an additional 2x dilution. If not, then
samples must be reanalyzed with a new calibration.

Reanalyze suspect calibration standard. If criteria
still not met, then re-prepare standards and
recalibrate the instrument.

(c) Internal standardization and calibration.—(1) Following
precalibration optimizations, prepare and analyze the calibration
standards prepared as described in C(e).
(2) Use internal standardization in all analyses to correct for
instrument drift and physical interferences. Refer to D(e)(2).
Internal standards must be present in all samples, standards, and
blanks at identical concentrations. Internal standards can be
added using a second channel of the peristaltic pump to produce
a responses that is clear of the pulse-to-analog detector interface.
(3) Multiple isotopes for some analytes may be measured, with
only the most appropriate isotope (as determined by the analyst)
being reported.
(4) Use IRT for the quantification of As using the Rh internal
standard.
(d) Sample analysis.—(1) Create a method file for the ICP-MS.
(2) Enter sample and calibration curve information into the ICPMS software.
(3) Calibrate the instrument and ensure the resulting standard
recoveries and correlation coefficients meet specifications (H).
(4) Start the analysis of the samples.
(5) Immediately following the calibration, an initial calibration
blank (ICB) should be analyzed. This demonstrates that there is no
carryover of the analytes of interest and that the analytical system
is free from contamination.
(6) Immediately following the ICB, an ICV should be analyzed.
This standard must be prepared from a different source than the
calibration standards.
(7) A minimum of three reagent/instrument blanks should be
analyzed following the ICV. These instrument blanks can be used
to assess the background and variability of the system.
(8) A continuing calibration verification (CCV) standard should
be analyzed after every 10 injections and at the end of the run. The
CCV standard should be a mid-range calibration standard.
(9) An instrument blank should be analyzed after each CCV
(called a continuing calibration blank, or CCB) to demonstrate that
there is no carryover and that the analytical system is free from
contamination.
(10) Method of Standard Additions (MSA) calibration curves
may be used any time matrix interferences are suspected.
(11) Post-preparation spikes (PS) should be prepared and
analyzed whenever there is an issue with the MS recoveries.
(e) Export and process instrument data.
H. Quality Control

(a) The correlation coefficients of the weighted-linear calibration
curves for each element must be ≥0.995 to proceed with sample
analysis.
(b) The percent recovery of the ICV standard should be
90–110% for each element being determined.
(c) Perform instrument rinses after any samples suspected to be
high in metals, and before any method blanks, to ensure baseline
sensitivity has been achieved. Run these rinses between all samples
in the batch to ensure a consistent sampling method.
(d) Each analytical or digestion batch must have at least three
preparation (or method) blanks associated with it if method blank
correction is to be performed. The blanks are treated the same as
the samples and must go through all of the preparative steps. If
method blank correction is being used, all of the samples in the
batch should be corrected using the mean concentration of these
blanks. The estimated method detection limit (EMDL) for the batch
is equal to 3 times the standard deviation (SD) of these blanks.

(e) For every 10 samples (not including quality control samples),
a matrix duplicate (MD) sample should be analyzed. This is a
duplicate of a sample that is subject to all of the same preparation
and analysis steps as the original sample. Generally, the relative
percent difference (RPD) for the replicate should be ≤30% for all
food samples if the sample concentrations are greater than 5 times
the LOQ. RPD is calculated as shown below. An MSD may be
substituted for the MD, with the same control limits.

where S1 = concentration in the first sample and S2 = concentration
in the duplicate.
(f) For every 10 samples (not including quality control samples),
an MS and MSD should be performed. The percent recovery of the
spikes should be 70–130% with an RPD ≤30% for all food samples.
(1) If the spike recovery is outside of the control limits, an MSA
curve that has been prepared and analyzed may be used to correct
for the matrix effect. Samples may be corrected by the slope of
the MSA curve if the correlation coefficient of the MSA curve is
≥0.995.
(a) The MSA technique involves adding known amounts of
standard to one or more aliquots of the processed sample solution.
This technique attempts to compensate for a sample constituent that
enhances or depresses the analyte signal, thus producing a different
slope from that of the calibration standards. It will not correct for
additive interferences which cause a baseline shift.
(b) The best MSA results can be obtained by using a series of
standard additions. To equal volumes of the sample are added a
series of standard solutions containing different known quantities
of the analyte(s), and all solutions are diluted to the same final
volume. For example, addition 1 should be prepared so that the
resulting concentration is approximately 50% of the expected
concentration of the native sample. Additions 2 and 3 should be
prepared so that the concentrations are approximately 100% and
150%, respectively, of the expected native sample concentration.
Determine the concentration of each solution and then plot on
the vertical axis of a graph, with the concentrations of the known
standards plotted on the horizontal axis. When the resulting line
is extrapolated to zero absorbance, the point of interception of the
abscissa is calculated MSA-corrected concentration of the analyte
in the sample. A linear regression program may be used to obtain
the intercept concentration.
(c) For results of the MSA technique to be valid, take into
consideration the following limitations:
(i) The apparent concentrations from the calibration curve must
be linear (0.995 or greater) over the concentration range of concern.
(ii) The effect of the interference should not vary as the ratio
of analyte concentration to sample matrix changes, and the MSA
curve should respond in a similar manner as the analyte.
(2) If the sample concentration levels are sufficiently high, the
sample may be diluted to reduce the matrix effect. Samples should
be diluted with the 1% (v/v) HNO3 diluent. For example, to dilute a
sample by a 10x dilution factor, pipette 1 mL of the digested sample
into an autosampler vial, and add 9 mL of the 1% (v/v) HNO3
diluent. MS/MSD sets should be performed at the same dilution
factor as the native sample.
(3) Spike at 1–10 times the level of a historical sample of the
same matrix type, or, if unknown, spike at 1–5 times a typical value
for the matrix. Spiking levels should be no lower than 10 times the
LOQ.
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Table 2015.01G. Method blank results and LOD/LOQ, µg/kg

Table 2015.01H.

Method
blanks

Sample

LOQ, μg/kg (as received)
(AsO)

111

MB-01

2.83

0.229

0.270

1.90

1.61

0.95

MB-02

1.48

–0.088

0.270

0.14

1.48

1.13

91

Cd

114

Cd

Pb

200

Hg

202

Hg

MB-03

1.80

0.007

0.115

0.13

0.76

0.25

MB-04

1.03

0.154

0.288

0.12

1.46

0.33

MB-05

1.43

0.010

0.259

1.84

1.28

0.27

MB-06

1.07

0.105

0.096

3.02

0.87

0.76

MB-07

2.31

–0.002

0.297

2.67

0.89

0.44

MB-08

1.20

0.285

0.200

4.24

0.55

0.28

MB-09

1.05

0.002

0.182

0.09

0.96

0.25

MB-10

2.12

0.047

0.150

0.19

0.71

0.02

MB-11

2.09

–0.145

0.226

0.12

0.64

0.57

MB-12

1.44

0.037

0.165

0.18

0.45

0.50

MB-13

0.70

–0.122

0.160

0.17

0.81

0.19

MB-14

1.12

–0.001

0.074

0.14

0.85

0.21

MB-15

2.33

0.097

0.207

0.11

0.18

0.17

MB-16

1.53

–0.117

0.146

0.16

1.33

1.09

MB-17

1.79

–0.070

0.180

0.03

3.46

2.19

MB-18

1.90

0.049

0.115

0.06

3.30

2.36

MB-19

1.18

0.043

0.224

0.39

4.01

2.78

MB-20

1.24

–0.060

0.199

0.07

0.99

0.56

MB-21

0.92

0.165

0.120

0.03

0.73

0.33

MB-22

1.69

0.005

0.186

0.09

0.60

0.25

MB-23

2.13

0.171

0.152

0.08

0.41

–0.23

SD

0.54

0.113

0.063

1.18

1.01

0.77

LOD

1.6

0.50a

0.50a

3.5

3.0

2.3

LOQ

3.3

1.60

1.60

7.1

6.0

4.6

a

Sample-specific LOQs

a

a

Adjusted to conform to lowest calibration point.

(g) Percent recoveries of the CRMs should be 75–125% of their
certified value.
(h) Percent recoveries of the CCV standards should be within
85–115%. Sample results may be CCV-corrected using the mean
recovery of the bracketing CCVs. This should only be done
after careful evaluation of the data. The instrument should show
a trending drift of CCV recoveries and not just a few anomalous
outliers.
(i) CCBs should be monitored for the effects of carryover and
for possible system contamination. If carryover of the analyte
at levels greater than 10 times the MDL is observed, the sample
results may not be reportable.
(j) Absolute response of any one internal standard should not
vary from the original response in the calibration blank by more
than 60–125%. Some analytical samples, such as those containing
concentrations of the internal standard and tissue digestates, can
have a serious effect on the internal standard intensities, but this
does not necessarily mean that the analytical system is out of

As

Cd

Pb

Hg

Infant formula

2

1

4

3

Chocolate

4

2

8

6

Rice flour

4

2

8

6

Fruit juice

1

1

2

2

control. In some situations, it is appropriate to reprocess the samples
using a different internal standard monitored in the analysis. The
data should be carefully evaluated before doing this.
(k) The recovery of the Lu that was spiked into the sample
preparation prior to digestion should be evaluated to assess any
potential loss of analyte during the process. The concentration
of Lu in the sample preparation is 0.25 mg/L, and for samples
diluted 4x at the instrument, this is equivalent to 62.5 µg/L at the
instrument (if samples are diluted more than 4x, this must be taken
into account). The Lu recovery should be no less than 75% of the
original spiked concentration.
(l) Refer to Table 2015.01F for a summary of all recommended
quality control samples, minimum frequency at which they are to
be analyzed, acceptance criteria for each, and appropriate corrective
action if the acceptance criteria are not met.
I. Method Performance

(a) Limit of detection (LOD) and LOQ were determined through
the analysis of 23 method blanks (see Table 2015.01G). LOD was
calculated as 3 times the SD of the results of the blanks, and LOQ
was calculated as 2 times the value of the LOD, except where the
resulting LOQ would be less than the lowest calibration point, in
which case LOQ was elevated and set at the lowest calibration point
and LOD was calculated as 1/3 of the LOQ. All LOQs achieved are
≤10 μg/kg for all food matrices and ≤8 μg/kg for liquid matrices,
such as infant formula.
(b) Sample-specific LOQs for several matrices, based on LOQs
determined by the default method, and adjusted for changes in
sample mass for particular samples, are shown in Table 2015.01H.
Values have been rounded up to the nearest part-per-billion.
(c) Numerous relevant CRMs were analyzed to establish
method accuracy. Example percent recoveries are provided in
Table 2015.01I (recoveries have been omitted for CRMs that do
not provide a certified value or if the certified value is less than the
LOQ).

Table 2015.01I.

Recoveries for numerous relevant CRMs

Certified Reference Material

As, %

Cd, %

Pb, %

Hg, %

DOLT-4 Dogfish Liver

104

97

87

114

DORM-3 Fish Protein

105

109

94

114

DORM-4 Fish Protein

105

91

91

81

NIST 1548a Typical Diet

103

95

113

NA

NIST 1568a Rice Flour

98

99

NA

NA

NIST 1946 Lake Superior Fish Tissue

119

NA

NA

101

TORT-2 Lobster Hepatopancreas

109

104

95

116

TORT-3 Lobster Hepatopancreas

113

89

86

86
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Table 2015.01J. AOAC SMPR 2012.007 (ref. 1)
Concn range, μg/kg Repeatability, % Reproducibility, %

Recovery, %

LOQ–100

15

32

60–115

100–1000

11

16

80–115

>1000

7.3

8

80–115

(d) Standard Method Performance Requirements (AOAC
SMPR® 2012.007; 1) for repeatability, reproducibility, and
recovery for the method are shown in the Table 2015.01J. See
Appendix A (available on the J. AOAC Int. website as supplemental
material, http://aoac.publisher.ingentaconnect.com/content/aoac/
jaoac) for detailed method performance information supporting
acceptance of the method.
(e) See Appendix A for detailed method performance information
supporting acceptance of the method. Method validation samples
were prepared and analyzed for all applicable matrices. In general,
all SMPR criteria were met for As, Cd, Hg, and Pb in the matrices
apple juice, infant formula, cocoa powder, and rice flour.
References: (1) AOAC SMPR 2012.007
J. AOAC Int. 96, 704(2013)
DOI: 10.5740/jaoac.int.2012.007
J. AOAC Int. 98, 1113(2015)
DOI: 10.5740/jaoac.int.2015.01
Posted: September 9, 2015
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1.

Purpose
This method is to describe the steps for preparation of samples and standards to perform
quantitative determination of metal impurities by microwave digestion and analysis by ICP-MS.

2.

Scope
This method is applicable for the detection of metal impurities by ICP-MS. This method is
suitable for a range of elements to be quantified; however, the elements of primary concern are
arsenic, cadmium, lead and mercury.

3.

Background
This method should be used by analysts familiar with trace element analysis and ICP-MS.

4.

Responsibilities
4.1 Laboratory Co-Director authorized to assign and approve subject analysis is responsible for
•
•
•

Approving Method Folder content
Assuring the sample is fit for use
Resolving analytical issues and deficiencies with subject analysis

4.2 Section Supervisor authorized to conduct subject analysis is responsible for
•
•
•

Approving assigned analyst work
Assuring the Method Folder is up to date including content and appendices
Discussing any deviations with the Laboratory Co-Director

4.3 Analyst authorized to conduct this analysis is responsible for
•
•
•
•
•

Reviewing Method Folder instructions prior to initiating analysis, especially for matrix
applicability
Analyzing the sample according to documented instructions
Assessing method and instrument performance both real time and at reporting
Addressing any deviation from instructions or specifications with the Section Supervisor
Updating Method Folder performance data

5.0 References
5.1 Method
•
•

AOAC INTERNATIONAL. Official Methods of Analysis, 20th ed., Method 2015.01 – Heavy
Metals in Food – Inductively Coupled Plasma-Mass Spectrometry.
FDA EAM (Elemental Analysis Manual) 4.7 Vesrion 1.1 (March 2015), P. Gray, W. Midak, J.
Cheng – “Inductively Coupled Plasma-Mass Spectrometric Determination of Arsenic,
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•
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Cadmium, chromium, Lead, Mercury and Other Elements in Food Using Microwave Assisted
Digestion”
Perkin Elmer – “Determination of Elemental Impurities in Cannabis and Related Materials by
Indirect Closed-Vessel Microwave Digestion and ICP-MS Analysis”

5.2 Instrumentation
•

Perkin Elmer NexION 1000/2000 ICP-MS

6.0 Method Folder
6.1 Instrumentation
The analyst authorized to perform this test method must be deemed knowledgeable in the
operation of the instrumentation cited in 5.2 Instrumentation
6.2 Safety
This method does not address all safety issues associated with its use. The analyst must establish
appropriate safety and health practice prior to initiating analysis. The analyst must be familiar with
(b) (4)
hazardous waste plan.
Reagents should be regarded as potential health hazards and exposure to these compounds should
be limited.
6.3 Definitions
Analytical sample – sample, prepared by the laboratory (by homogenization, grinding, blending,
etc.), from which analytical portions (aliquots) are removed for analysis.
Analytical portion – quantity of material removed from the analytical sample.
Analytical solution – solution prepared by decomposing an analytical portion and diluting to
volume.
Batch – a group of analytical portions processed in a continuous sequence under relatively stable
conditions. Specifically:
-

Method is constant
Instrument and its conditions (i.e. pertinent operating parameters) are constant
Standardization is constant

Dilution Factor (DF) – factor by which concentration in a diluted solution (e.g. diluted analytical
solution) is multiplied to obtain concentration in the initial solution (e.g. analytical solution).
Method Blank (MBK) – solution that is prepared using all reagents and exposed to all laboratory
ware, apparatus, equipment, digestion process and analyses in the same manner as if it were an
analytical portion being analyzed without the sample. The MBK is analyzed to ensure analytes
have not significantly been added to the analytical portion from materials and laboratory
environment.
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Reagent Blank (RB) – solution that is prepared using the same labware, acids, and dilution as
calibration standards, prepare a solution as if it were a calibration standard without added sample.
Reference material (RM) – food related materials developed for analytical quality control, which
have reference value concentration for the element of interest.
Independent calibration verification (ICV) – solution of method analytes of known
concentration obtained from a source external to the laboratory and different from the source used
for instrument standardization. The ICV is used to ensure a valid standardization and to check
laboratory performance.
Continuous calibration verification (CCV) – verification of one of the calibration standard
points. It is used to verify the calibration accuracy during the analysis of the analytical batch.
Matrix Spike (SP) – analytical portion fortified (spiking) with the analyte before digestion.
Measurement of the final concentration of the analyte is made according to the analytical method.
The purpose of the spike is to determine if the preparation procedure or sample matrix contribute
bias to the results.
Blank Spike (BS) – solution that is spiked with known concentration analytes and prepared using
the same labware, acids, dilutions and exposed to the same digestion process as the Method Blank.
The purpose is to determine the spiked analyte recoveries to determine the accuracy.
Internal Standards Solution (ISS) – non analyte solution that is added to all calibration standards,
quality control and analyzed samples, which uses the isotope ratio to correct for the instrument drift
and matrix interferences.
Stock standard solution – a solution containing a high concentration of the analyte purchased
from a reputable commercial source. Stock standard solutions are used to prepare standard
solutions and other needed analyte solutions.
Intermediate standard solution – a solution containing one or more analytes prepared in the
laboratory by diluting an aliquot of stock solution.
Standard solution – a solution prepared from the dilution of stock standard or intermediate
standard solutions. Standard solutions are used to standardize instrument response (absorbance) to
analyte concentration.
Analytical solution detection limit (ASDL) – an estimate of the lowest concentration of the
analyte element in a MBK according to the statistics of hypothesis with a 95% confidence.
Limit of detection (LOD) – an estimate of the element concentration a method can detect in an
analytical portion according to the statistics of hypothesis testing with a 95% confidence.
Limit of Quantitation (LOQ) – the minimum concentration of an analyte in a specific matrix that
can be reliably quantified while also meeting predefined goals for bias and imprecision.
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7.0 Method Work Level Instructions
7.1 Equipment and materials
(a)
(b)
(c)
(d)

Analytical Balance – capable of weighing to the nearest 0.001 gram.
Digestion vials – disposable glass tubes
Microwave Digestor – Milestone UltraWave
ICP-MS – Perkin Elmer

7.2 Reagents and Standards
All reagents may contain impurities that may affect the integrity of the analytical results. Due
to the high sensitivity of the ICP-MS, high-purity reagents, water, acids, glassware and sample
tubes that are suitable for trace metal analysis must be used at all time.
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

100 mg/L (ppm) Gold (Au) Stock Standard
1000 mg/L (ppm) Arsenic (As) Stock Standard
1000 mg/L (ppm) Cadmium (Cd) Stock Standard
1000 mg/L (ppm) Lead (Pb) Stock Standard
1000 mg/L (ppm) Mercury (Hg) Stock Standard
Nitric Acid (HNO3) – Concentrated (sp gr 1.41), trace metal grade
Hydrochloric Acid (HCl) – Concentrated, trace element grade
Internal Standard Solution – 50 mg/L Germanium (Ge), 20 mg/L Gallium (Ga), 1 mg/L Indium
(In), 1 mg/L Terbium (Tb)
(i) Deionized water (DI H2O)
7.2.1 Working solutions
Please always use safety precautions when preparing solutions. Always add acid to water! Shake
each solution after all the reagents are combined.
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7.3 Test Sample Treatment

Milestone UltraWave microwave is used to digest in order to prepare the analytical batch.
7.3.1

Sample Preparation:
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7.4 Instrumentation Set up
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7.4.3

Running Samples:
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7.4.4 While Running:

7.4.5 Data Processing:
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AOAC Official Method 2013.01
Salmonella in a Variety of Foods

VIDAS® UP Salmonella (SPT) Method
First Action 2013
Final Action 2016

[Applicable to detection of Salmonella in raw ground beef (25
and 375 g), processed American cheese (25 g), deli roast beef
(25 g), liquid egg (25 g), peanut butter (25 g), vanilla ice cream
(25 g), cooked shrimp (25 g), raw cod (25 g), bagged lettuce (25
and 375 g), dark chocolate (375 g), powdered eggs (25 g), instant
nonfat dry milk (25 and 375 g), ground black pepper (25 g), dry dog
food (375 g), raw ground turkey (375 g), almonds (375 g), chicken
carcass rinsates (30 mL), and stainless steel, plastic, and ceramic
environmental surfaces.]
See Tables 2013.01A and B for a summary of results of the
interlaboratory study. For detailed results of the interlaboratory
study, see Tables A–F in Appendix 1 on J. AOAC Int. website,
http://aoac.publisher.ingentaconnect.com/content/aoac/jaoac).
A. Principle

The VIDAS SPT method is for use on the automated VIDAS
instrument for the detection of Salmonella receptors using the
enzyme-linked fluorescent assay. The solid-phase receptacle (SPR)
serves as the solid phase, as well as the pipetting device. The
interior of the SPR is coated with proteins specific for Salmonella
receptors. Reagents for the assay are ready-to-use and predispensed
in the sealed reagent strips. The instrument performs all the assay
steps automatically. The reaction medium is cycled in and out of the
SPR several times. An aliquot of enrichment broth is dispensed into
the reagent strip. The Salmonella receptors present will bind to the
interior of the SPR. Unbound components are eliminated during the
washing steps. The proteins conjugated to the alkaline phosphatase
are cycled in and out of the SPR and will bind to any Salmonella
receptors, which are themselves bound to the SPR wall. A final
wash step removes unbound conjugate. During the final detection
step, the substrate (4-methylumbelliferyl phosphate) is cycled in
and out of the SPR. The conjugate enzyme catalyzes the hydrolysis
of the substrate into a fluorescent product (4-methylumbelliferone),
the fluorescence of which is measured at 450 nm. At the end of the
assay, results are automatically analyzed by the instrument which
calculates a test value for each sample. This value is then compared
to internal references (thresholds) and each result is interpreted as
positive or negative.
B. Apparatus and Reagents

Items (a)–(h) are available as the VIDAS SPT assay kit from
bioMérieux Inc., Hazelwood, MO.
(a) VIDAS or miniVIDAS automated immunoassay system.
(b) SPT reagent strips.—60 polypropylene strips of 10 wells,
each strip covered with a foil seal and label. The 10 wells contain
the reagents in Table 2013.01C.
(c) SPR.—60 SPRs coated with proteins specific for Salmonella
receptors.
(d) Standard.—One vial (6 mL). Contains purified and
inactivated Salmonella receptors + preservative + protein stabilizer.
(e) Positive control solution.—One vial (6 mL). Contains
purified and inactivated Salmonella receptors + preservative +
protein stabilizer.
(f) Negative control solution.—One vial (6 mL). Contains Trisbuffered saline (150 mmol/L)–Tween pH 7.6 + preservative.

(g) Master lot entry (MLE) card.—One card providing
specifications for the factory master data required to calibrate the
test.
(h) Package insert.
(i) Disposable pipet to dispense appropriate volumes.
(j) VIDAS Heat and Go.—Available from bioMérieux, Inc.
(k) Water bath (95–100°C) or equivalent system.
(l) Stomacher®-type bag with filter.
(m) Stomacher.—Stomacher Lab Blender 400, available from
Seward Medical (London, UK); Smasher, bioMérieux, Inc., or
equivalent.
(n) BPW.—Available from bioMérieux, Inc.
(o) Salmonella supplement.—Available from bioMérieux, Inc.
(p) Incubators.—Capable of maintaining 42 ± 1°C and 35 ± 1°C.
(q) Diagnostic reagents.—Necessary for culture confirmation of
assays. See 967.27 (see 17.9.03).
(r) IBISA chromogenic agar.—Necessary for cultural
confirmation as an alternative to selective agar required by
appropriate reference method. Available from bioMérieux, Inc.
(s) ASAP chromogenic agar.—Necessary for cultural
confirmation as an alternative to selective agar required by
appropriate reference method. Available from bioMérieux, Inc.
(t) Vancomycin.—Available from bioMérieux, Inc.
C. General Instructions

(a) Components of the kit are intended for use as integral unit.
Do not mix reagents or disposables of different lot numbers.
(b) Store VIDAS SPT kits at 2–8°C.
(c) Do not freeze reagents.
(d) Bring reagents to room temperature before inserting them
into the VIDAS instrument.
(e) Mix standard, controls, and heated test portions well before
using.
(f) Include one positive and one negative control with each
group of tests.
(g) Return unused components to 2–8°C immediately after use.
(h) See safety precautions in the VIDAS SPT package insert
(refer to the following sections in the package insert: Warnings and
Precautions and Waste Disposal).
D. Preparation of Test Suspension

(a) Pre-enrichment.—Pre-enrich test portion in BPW using
filter Stomacher bags to initiate growth of Salmonella. For 25 g test
portions, add 225 mL BPW to each test portion and homogenize
thoroughly for 2 min. For 375 g test portions, prewarm BPW to
42 ± 1°C, add 1125 mL to each test portion, and homogenize
thoroughly for 2 min.
(b) After homogenization add Salmonella supplement to
each test portion. For 25 g test portions, add 1 mL of Salmonella
supplement, mix samples manually, and incubate for 18–24 h
at 42 ± 1°C. For 375 g test portions, add 5 mL of Salmonella
supplement, mix samples manually, and incubate for 22–26 h at
42 ± 1°C.
(c) After incubation, homogenize samples manually. If a water
bath is used, transfer 2–3 mL enrichment broth into a tube. Seal the
tube. Heat for 5 ± 1 min at 95–100°C. Cool the tube. Mix the boiled
broth and transfer 0.5 mL into the sample well of the VIDAS SPT
reagent strip. If the VIDAS Heat and Go is used, transfer 0.5 mL
of the enrichment broth into the sample well of the VIDAS SPT
reagent strip. Heat for 5 ± 1 min (see VIDAS Heat and Go User’s
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 Traditional confirmation on ASAP/IBISA = secondary enrichments streaked onto IBISA and ASAP.

 Among-laboratory standard deviation.

e

f

 Reproducibility standard deviation.

 Repeatability standard deviation.
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 Alternative confirmation = direct streak of the primary enrichment onto IBISA and ASAP.

 Results include 95% confidence intervals.
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Summary of results for the detection of Salmonella spp. in raw ground beef (25 g)

Candidate presumptive positive/total samples analyzed

Inoculation level

Methoda

Table 2013.01A.
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Table 2013.01B.

Summary of results for the detection of Salmonella spp. in raw ground beef (375 g)

Methoda

VIDAS SPT with traditional confirmation on
BGSA and XLT4

Inoculation level

VIDAS SPT with traditional confirmation on
IBISA and ASAPb

VIDAS SPT with alternative confirmation on
IBISA and ASAPc
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Uninoculated
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0.00 (0.00,
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+0.52)
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132/132

0/132

57/132

132/132

0/132

54/132

131/132

Reference POD

0.00 (0.00,
+0.03)

0.43 (+0.35,
+0.52)

1.00 (+0.97,
+1.00)

0.00 (0.00,
+0.03)

0.43 (+0.35,
+0.52)

1.00 (+0.97,
+1.00)

0.00 (0.00,
+0.03)

0.41 (+0.32, 0.99 (+0.96,
+0.50)
+1.00)

sr

0.00 (0.00,
+0.16)

0.50 (+0.45,
+0.52)

0.00 (0.00,
+0.17)

0.00 (0.00,
+0.16)

0.50 (+0.45,
+0.52)

0.00 (0.00,
+0.17)

0.00 (0.00,
+0.16)

0.49 (+0.44, 0.09 (+0.08,
+0.52)
+0.16)

sL

0.00 (0.00,
+0.16)

0.00 (0.00,
+0.18)

0.00 (0.00,
+0.17)

0.00 (0.00,
+0.16)

0.00 (0.00,
+0.18)

0.00 (0.00,
+0.17)

0.00 (0.00,
+0.16)

0.05 (0.00,
+0.22)

sR

0.00 (0.00,
+0.23)

0.50 (+0.45,
+0.52)

0.00 (0.00,
+0.23)

0.00 (0.00,
+0.23)

0.50 (+0.45,
+0.52)

0.00 (0.00,
+0.23)

0.00 (0.00,
+0.23)

0.49 (+0.44, 0.09 (+0.08,
+0.52)
+0.10)

1.0000

0.6261

1.0000

1.0000

0.6261

1.0000

dLPOD (C vs R)

0.00 (–0.03,
+0.03)

0.01 (–0.12,
+0.15)

–0.02 (–0.05,
+0.02)

0.00 (–0.03, 0.02 (–0.18, –0.02 (–0.05,
+0.03)
+0.22)
+0.02)

0.00 (–0.03,
+0.03)

dLPOD (CP vs
CC)

0.00 (–0.03,
+0.03)

0.00 (–0.15,
+0.15)

0.00 (–0.04,
+0.04)

0.00 (–0.03, –0.01 (–0.15, 0.00 (–0.04,
+0.03)
+0.14)
+0.04)

0.00 (–0.03, –0.01 (–0.21, 0.00 (–0.04,
+0.03)
+0.23)
+0.04)

P-value

a

 Results include 95% confidence intervals.

b

 Traditional confirmation on ASAP/IBISA = secondary enrichments streaked onto IBISA and ASAP.

1.0000

0.3313

0.00 (0.00,
+0.04)

0.4338

0.03 (–0.18, –0.01 (–0.05,
+0.24)
+0.03)

 Alternative confirmation = direct streak of the primary enrichment onto IBISA and ASAP.

c

d

 Repeatability standard deviation.

e

 Among-laboratory standard deviation.

 Reproducibility standard deviation.

f
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Table 2013.01C.

Reagents included in 10-well reagent strip

Wells
1
2

Reagents (SPT)

Interpretation of test

Test value threshold

Interpretation

Sample well: 0.5 mL of enrichment broth, standard or control

<0.25

Negative

Prewash solution (400 µL): Buffer pH 7.8 + preservative

≥0.25

Positive

3–5, 7–9

Wash buffer (600 µL): TRIS-buffered saline (150 mmol/L) –
Tween pH 7.6 + preservative

6

Conjugate (400 µL): alkaline phosphatase-labeled proteins
specific for Salmonella receptors + preservative

10

Reading cuvette with substrate (300 µL): 4-methyl-umbelliferyl
phosphate (0.6 mmol/L) + diethanolaminea
(DEA; 0.62 mol/L or 6.6%, pH 9.2) + preservative

a

Table 2013.01D.

 Irritant reagent; see VIDAS SPT package insert for more information.

Manual). Remove the strip and allow to cool for 10 min prior to test
initiation. Perform the VIDAS test.
E. Enzyme Immunoassay

(a) Enter factory master calibration curve data into the
instrument using the MLE card.
(b) Remove the kit reagents and materials from refrigerated
storage and allow them to come to room temperature.
(c) Use one VIDAS SPT reagent strip and one VIDAS SPT SPR
for each sample, control, or standard to be tested. Reseal the storage
pouch after removing the required number of SPRs.
(d) Enter the appropriate assay information to create a work list.
Enter the test code by typing or selecting “SPT,” and number of
tests to be run. If the standard is to be tested, identify the standard
by “S1” and test in duplicate. If the positive control is to be tested,
identify it by “C1.” If the negative control is to be tested, identify
it by “C2.”
Note: The standard must be tested upon receipt of a new lot of
reagents and then every 14 days. The relative fluorescence value
(RFV) of the standard must fall within the set range provided with
the kit.
(e) Load the SPT reagents strips and SPRs into the positions that
correspond to the VIDAS section indicated by the work list. Verify
that the color labels with the assay code on the SPRs and reagent
strips match.
(f) Initiate the assay processing as directed in the VIDAS
operator’s manual.
(g) After the assay is completed, remove the SPRs and reagent
strips from the instrument and dispose of properly.

F. Results and Interpretation

The results are analyzed automatically by the VIDAS system.
A report is printed which records the type of test performed, test
sample identification, date and time, lot number, and expiration date
of the reagent kit being used, each sample’s RFV, test value, and
interpreted result (positive or negative). Fluorescence is measured
twice in the reagent strip’s reading cuvette for each sample tested.
The first reading is a background reading of the substrate cuvette
before the SPR is introduced into the substrate. The second reading
is taken after incubating the substrate with the enzyme remaining
on the interior of the SPR. The test value is calculated by the
instrument and is equal to the difference between the background
reading and the final reading. The calculation appears on the result
sheet. A negative result has a test value less than the threshold
(0.25) and indicates that the sample does not contain Salmonella
spp. or contains Salmonella spp. at a concentration below the
detection limit. A positive result has a test value equal to or greater
than the threshold (≥0.25) and indicates that the sample may be
contaminated with Salmonella spp. If the background reading is
above a predetermined cutoff, then the result is reported as invalid
(Table 2012.01D).
G. Confirmation

All positive VIDAS SPT results must be culturally confirmed.
Confirmation should be performed using the non-heated enrichment
broth stored between 2 and 8°C, and should be initiated within 72
h after the end of incubation at 42 ± 1°C. Presumptive positive
results may be confirmed by isolating on selective agar plates
such as IBISA or ASAP, or on the appropriate reference method
selective agar plates. Typical or suspect colonies from each plate are
confirmed as described in 967.27 (see 17.9.03). As an alternative to
the conventional tube system for Salmonella, any AOAC-approved
commercial biochemical kits may be used for presumptive generic
identification of foodborne Salmonella as described in 978.24 (see
17.9.04), 989.12 (see 17.9.05), 991.13 (see 17.9.06), and 2011.17
(see 17.15.01).
Reference: J. AOAC Int. 96, 808(2013)
DOI: 10.5740/jaoacint.CS2013_01
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AOAC Official Method 2013.10
Listeria species in a Variety of Foods
and Environmental Surfaces
VIDAS® UP Listeria (LPT) Method
First Action 2013
Final Action 2016

[Applicable to detection of Listeria in deli ham (25 and 125 g),
pepperoni (25 g), beef hot dogs (25 g), chicken nuggets (25 g),
chicken liver pâté (25 g), ground beef (125 g), deli turkey (125 g),
cooked shrimp (25 g), smoked salmon (25 g), whole cantaloupe
melon, bagged mixed salad (25 g), peanut butter (25 g), black
pepper (25 g), vanilla ice cream (25 g), queso fresco (25 and 125 g),
stainless steel, plastic, ceramic and concrete environmental
surfaces.]
See Tables 2013.10A and B for a summary of results of the
collaborative study. See supplemental data, Tables 2A–D, for
detailed results of the collaborative study on J. AOAC Int. website,
http://aoac.publisher.ingentaconnect.com/content/aoac/jaoac.
Caution: Listeria monocytogenes is of particular concern for
pregnant women, the aged, and the infirmed. It is
recommended that these concerned groups avoid
handling this organism. Dispose of all reagents and other
contaminated materials by acceptable procedures for
potentially biohazardous materials. Some reagents in the
kit contain 1 g/L concentrations of sodium azide. Check
local regulations prior to disposal. Disposal of these
reagents into sinks with copper or lead plumbing should
be followed immediately with large quantities of water
to prevent potential hazards. This kit contains products
of animal origin. Certified knowledge of the origin and/
or sanitary state of the animals does not totally guarantee
the absence of transmissible pathogenic agents. It is,
therefore, recommended that these products be treated
as potentially infectious and handled observing the usual
safety precautions (do not ingest or inhale).
A. Principle

VIDAS® UP Listeria (LPT) method is for use on the automated
VIDAS instrument for the detection of Listeria antigens using the
enzyme-linked fluorescent assay (ELFA) method. The assay also
incorporates phage proteins allowing an increase in sensitivity
and specificity compared to traditional immunoassay. The Solid
Phase Receptacle (SPR®) serves as the solid phase as well as the
pipetting device. The interior of the SPR is coated with proteins
specific for Listeria receptors. Reagents for the assay are readyto-use and predispensed in the sealed reagent strips. All of the
assay steps are performed automatically by the instrument. The
reaction medium is cycled in and out of the SPR several times.
An aliquot of enrichment broth is dispensed into the reagent strip.
The Listeria receptors present will bind to the interior of the SPR.
Unbound components are eliminated during the washing steps.
The proteins conjugated to the alkaline phosphatase are cycled in
and out of the SPR and will bind to any Listeria receptors, which
are themselves bound to the SPR wall. A final wash step removes
unbound conjugate. During the final detection step, the substrate
(4-methyl-umbelliferyl phosphate) is cycled in and out of the SPR.
The conjugate enzyme catalyzes the hydrolysis of the substrate into
a fluorescent product (4-methyl-umbelliferone), the fluorescence
of which is measured at 450 nm. At the end of the assay, results

are automatically analyzed by the instrument, which calculates a
test value for each sample. This value is then compared to internal
references (thresholds) and each result is interpreted as positive or
negative.
B. Apparatus and Reagents

Items (a)–(h) are available as the VIDAS UP Listeria (LPT)
assay kit from bioMérieux (Hazelwood, MO, USA).
(a) VIDAS or miniVIDAS automated immunoassay system.
(b) LPT reagent strips.—Sixty polypropylene strips of 10 wells,
each strip covered with a foil seal and label. The 10 wells contain
the reagents shown in Table 2013.10C.
(c) SPR.—Sixty SPRs coated with proteins specific for Listeria
receptors.
(d) Standard.—One vial (1 × 6 mL). Ready-to-use. Contains
purified and inactivated Listeria receptors + preservative + protein
stabilizer.
(e) Positive control solution.—1 × 6 mL. Contains purified
and inactivated Listeria monocytogenes antigen + preservative +
protein stabilizer.
(f) Negative control solution.—1 × 6 mL. Contains Tris-buffered
saline (TBS; 150 mmol/l) – Tween pH 7.6 + preservative.
(g) Master Lot Entry (MLE) card.—One card providing
specifications for the factory master data required to calibrate the
test: To read the MLE data, please refer to the Operator’s Manual.
(h) Package insert.
(i) Disposable pipet.—To dispense appropriate volumes.
(j) VIDAS Heat and Go.—Available from bioMérieux, Inc.
(k) Water bath.—95–100°C, or equivalent.
(l) Bag with filter.
(m) Smasher™
Blender/Homogenizer.—Available
from
bioMérieux, Inc., or equivalent.
(n) LPT broth.—bioMérieux, Inc.
(o) Incubators.—Capable of maintaining 30 ± 1°C and 35 ± 1°C.
(p) Diagnostic reagents.—Necessary for culture confirmation of
assays.
(q) ALOA chromogenic agar.—Necessary for cultural
confirmation as an alternative to selective agar required by
appropriate reference method. Available from bioMérieux, Inc.
(r) Tryptic Soy Agar with yeast additive.
C. General Instructions

(a) Components of the kit are intended for use as integral unit.
Do not mix reagents or disposables of different lot numbers.
(b) Store VIDAS LPT kits at 2–8°C.
(c) Do not freeze reagents.
(d) Bring reagents to room temperature before inserting them
into the VIDAS instrument.
(e) Standard, controls, and heated test portions are mixed well
before using.
(f) Include one positive and one negative control with each
group of tests.
(g) Return unused components to 2–8°C immediately after use.
(h) See safety precautions in the VIDAS LPT package insert
(Warnings and Precautions and Waste Disposal).
(i) See Centers for Disease Control recommendations in
handling pathogens. http:/www.cdc.gov/biosafety/publications/
bmb15/index.htm/
© 2016 AOAC INTERNATIONAL

Table 2013.10A.

Summary of results for the detection of Listeria spp. in queso fresco (25 g)a
VIDAS LPT with OXA

VIDAS LPT with ALOA
Inoculation level

Uninoculated

Low

High

Uninoculated

Low

High

Candidate presumptive positive/
total No. samples analyzed

1/156

80/156

156/156

1/156

80/156

156/156

Candidate presumptive POD (CP)

0.01

0.51

1.00

0.01

0.51

1.00

(0.01, 0.04)

(0.43, 0.59)

(0.98, 1.00)

(0.01, 0.04)

(0.43, 0.59)

(0.98, 1.00)

s

b
r

sLc
sRd

0.08

0.51

0.00

0.08

0.51

0.00

(0.07, 0.15)

(0.46, 0.52)

(0.00, 0.15)

(0.07, 0.15)

(0.46, 0.52)

(0.00, 0.15)

0.00

0.00

0.00

0.00

0.00

0.00

(0.00, 0.03)

(0.00, 0.13)

(0.00, 0.15)

(0.00, 0.03)

(0.00, 0.13)

(0.00, 0.15)

0.08

0.51

0.00

0.08

0.51

0.00

(0.07, 0.13)

(0.46, 0.52)

(0.00, 0.21)

(0.07, 0.13)

(0.46, 0.52)

(0.00, 0.21)

P valuee

0.4395

0.9210

1.0000

0.4395

0.9210

1.0000

Candidate confirmed positive/
total No. samples analyzed

0/156

78/156

156/156

0/156

78/156

156/156

Candidate confirmed POD (CC)
sr
sL
sR

0.00

0.50

1.00

0.00

0.50

1.00

(0.00, 0.02)

(0.42, 0.58)

(0.98, 1.00)

(0.00, 0.02)

(0.42, 0.58)

(0.98, 1.00)

0.00

0.51

0.00

0.00

0.51

0.00

(0.00, 0.15)

(0.46, 0.52)

(0.00, 0.15)

(0.00, 0.15)

(0.46, 0.52)

(0.00, 0.15)

0.00

0.00

0.00

0.00

0.00

0.00

(0.00, 0.15)

(0.00, 0.14)

(0.00, 0.15)

(0.00, 0.15)

(0.00, 0.14)

(0.00, 0.15)

0.00

0.51

0.00

0.00

0.51

0.00

(0.00, 0.21)

(0.46, 0.52)

(0.00, 0.21)

(0.00, 0.21)

(0.46, 0.52)

(0.00, 0.21)

P value

1.0000

0.9161

1.0000

1.0000

0.9161

1.0000

Positive reference samples/
total No. samples analyzed

0/156

76/156

156/156

0/156

76/156

156/156

Reference POD
sr
sL
sR
P value
dLPOD (candidate vs reference)
dLPOD (candidate presumptive vs
candidate confirmed)
a

 Results include 95% confidence intervals.

b

 Repeatability standard deviation.

0.00

0.49

1.00

0.00

0.49

1.00

(0.00, 0.02)

(0.41, 0.57)

(0.98, 1.00)

(0.00, 0.02)

(0.41, 0.57)

(0.98, 1.00)

0.00

0.52

0.00

0.00

0.52

0.00

(0.00, 0.15)

(0.46, 0.52)

(0.00, 0.15)

(0.00, 0.15)

(0.46, 0.52)

(0.00, 0.15)

0.00

0.00

0.00

0.00

0.00

0.00

(0.00, 0.15)

(0.00, 0.10)

(0.00, 0.15)

(0.00, 0.15)

(0.00, 0.10)

(0.00, 0.15)

0.00

0.52

0.00

0.00

0.52

0.00

(0.00, 0.21)

(0.47, 0.52)

(0.00, 0.21)

(0.00, 0.21)

(0.47, 0.52)

(0.00, 0.21)

1.0000

0.9937

1.0000

1.0000

0.9937

1.0000

0.00

0.01

0.00

0.00

0.01

0.00

(–0.02, 0.02)

(–0.10, 0.13)

(–0.02, 0.02)

0.01

0.01

0.00

(–0.02, 0.04)

(–0.10, 0.13)

(–0.02, 0.02)

(–0.02, 0.02) (–0.10, 0.13) (–0.02, 0.02)
0.01

0.01

0.00

(–0.02, 0.04) (–0.10, 0.13) (–0.02, 0.02)

 Among-laboratory standard deviation.

c

d

 Reproducibility standard deviation.

e

 
P value = Homogeneity test of laboratory PODs.
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Table 2013.10B.

Summary of results for the detection of Listeria spp. in queso fresco (125 g)a
VIDAS LPT with OXA

VIDAS LPT with ALOA
Inoculation level

Uninoculated

Low

High

Uninoculated

Low

High

Candidate presumptive positive/
total No. of samples analyzed

0/144

70/144

144/144

0/144

70/144

144/144

Candidate presumptive POD (CP)

0.00

0.49

1.00

0.00

0.49

1.00

(0.00, 0.03)

(0.40, 0.57)

(0.97, 1.00)

0.00

0.51

0.00

(0.00, 0.16)

(0.46, 0.52)

(0.00, 0.16)

0.00

0.00

0.00

(0.00, 0.16)

(0.00, 0.12)

(0.00, 0.16)

0.00

0.51

0.00

(0.00, 0.22)

(0.46, 0.52)

(0.00, 0.22)

(0.00, 0.03)
srb

0.00
(0.00, 0.16)

sLc

0.00
(0.00, 0.16)

sRd

0.00
(0.00, 0.22)

P value

(0.40, 0.57) (0.97, 1.00)
0.51

0.00

(0.46, 0.52) (0.00, 0.16)
0.00

0.00

(0.00, 0.12) (0.00, 0.16)
0.51

0.00

(0.46, 0.52) (0.00, 0.22)

1.0000

0.9730

1.0000

1.0000

0.9730

1.0000

Candidate confirmed positive/
total No. of samples analyzed

0/144

70/144

144/144

0/144

70/144

144/144

Candidate confirmed POD (CC)

0.00

0.49

1.00

0.00

0.49

1.00

(0.00, 0.03)

(0.40, 0.57)

(0.97, 1.00)

0.00

0.51

0.00

(0.00, 0.16)

(0.46, 0.52)

(0.00, 0.16)

0.00

0.00

0.00

(0.00, 0.16)

(0.00, 0.12)

(0.00, 0.16)

0.00

0.51

0.00

e

(0.00, 0.03)
sr

0.00
(0.00, 0.16)

sL

0.00
(0.00, 0.16)

sR

0.00
(0.00, 0.22)

(0.40, 0.57) (0.97, 1.00)
0.51

0.00

(0.46, 0.52) (0.00, 0.16)
0.00

0.00

(0.00, 0.12) (0.00, 0.16)
0.51

0.00

(0.00, 0.22)

(0.46, 0.52)

(0.00, 0.22)

P value

1.0000

0.9730

1.0000

1.0000

0.9730

1.0000

Positive reference samples/
total No. of samples analyzed

0/144

69/144

144/144

0/144

69/144

144/144

Reference POD

0.00

0.48

1.00

0.00

0.48

1.00

(0.00, 0.03)

(0.39, 0.56)

(0.97, 1.00)

0.00

0.51

0.00

(0.00, 0.16)

(0.46, 0.52)

(0.00, 0.16)

0.00

0.00

0.00

(0.00, 0.16)

(0.00, 0.12)

(0.00, 0.16)

0.00

0.51

0.00

(0.00, 0.22)

(0.46, 0.52)

(0.00, 0.22)

(0.00, 0.03)
sr

0.00
(0.00, 0.16)

sL

0.00
(0.00, 0.16)

sR

0.00
(0.00, 0.22)

P value
dLPOD (C vs R)

 
Results include 95% confidence intervals.

b

 
Repeatability standard deviation.

0.51

0.00

(0.46, 0.52) (0.00, 0.16)
0.00

0.00

(0.00, 0.12) (0.00, 0.16)
0.51

0.00

(0.46, 0.52) (0.00, 0.22)
0.9672

1.0000

1.0000

0.9672

1.0000

0.00

0.01

0.00

0.00

0.01

0.00

0.00
(–0.03, 0.03)

a

(0.39, 0.56) (0.97, 1.00)

1.0000
(–0.03, 0.03)

dLPOD (CP vs CC)

(0.46, 0.52) (0.00, 0.22)

(–0.10, 0.13) (–0.03, 0.03) (–0.03, 0.03) (–0.10, 0.13) (–0.03, 0.03)
0.00

0.00

0.00

0.00

0.00

(–0.12, 0.12) (–0.03, 0.03) (–0.03, 0.03) (–0.12, 0.12) (–0.03, 0.03)

 
Among-laboratory standard deviation.

c

d

 
Reproducibility standard deviation.

e

 P value = Homogeneity test of laboratory PODs.
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Table 2013.10C.

Reagents included in 10-well reagent strip

Wells
1
2
3–5, 7–9

Reagents (LPT)
Sample well: 0.5 mL of enrichment broth,
standard or control
Prewash solution (400 µL): TRIS-NaCl (150 mmol/L) Tween pH 7.6 + preservative
Wash buffer (600 µL): TRIS-NaCl (150 mmol/L) Tween pH 7.6 + preservative

6

Conjugate (400 µL): alkaline phosphatase-labeled
proteins specific for Listeria receptors + preservative

10

Reading cuvette with substrate (300 µL): 4-methylumbelliferyl phosphate (0.6 mmol/L) + diethanolaminea
(DEA) (0.62 mol/L or 6.6%, pH 9.2) + preservative

a

 
Irritant reagent: See VIDAS LPT package insert for more information.

D. Preparation of Test Suspension

(a) Pre-enrichment.—Pre-enrich test portion using filter
Stomacher type bags to initiate growth of Listeria. For 25 g test
portions, add 225 mL prewarmed (18–25°C) LPT broth to each
test portion and homogenize thoroughly for 2 min. For cantaloupe
melons, soak entire melon in approximately 1 L prewarmed (18–
25°C) LPT broth. For 125 g test portions, add 375 mL prewarmed
(18–25°C) LPT broth to each test portion and homogenize
thoroughly for 2 min.
(b) Test portions.—(1) 25 g test portions/cantaloupe melons
rinses.—After homogenization, incubate for 26–30 h at 30 ± 1°C.
(2) 125 g test portions.—After homogenization, incubate for
24–30 h at 30 ± 1°C.
From the primary enrichment broth, transfer a 1 mL aliquot into
10 mL prewarmed (18–25°C) LPT broth and incubate for 22–26 h
at 30 ± 1°C.
(c) After incubation, homogenize samples manually. Follow
appropriate instructions based on heating method.
(1) Boiling.—Transfer 2–3 mL of the enrichment broth into a tube.
Seal the tube. Heat in a water bath for 5 ± 1 min at 95–100°C. Cool the
tube. Mix the boiled broth and transfer 0.5 mL into the sample well of
the VIDAS LPT reagent strip. Perform the VIDAS test.
(2) Heat and Go.—Transfer 0.5 mL of the enrichment broth
into the sample well of the VIDAS LPT reagent strip. Heat for
5 ± 1 min (see VIDAS Heat and Go User’s Manual). Remove the
strip and allow to cool for 10 min prior to test initiation. Perform
the VIDAS test.
E. Enzyme Immunoassay

(a) Enter factory master calibration curve data into the
instrument using the MLE card.
(b) Remove the kit reagents and materials from refrigerated
storage and let them to come to room temperature for at least
30 min.
(c) Use one VIDAS LPT reagent strip and one VIDAS LPT SPR
for each sample, control, or standard to be tested. Reseal the storage
pouch after removing the required number of SPRs.
(d) Enter the appropriate assay information to create a work list.
Enter the test code by typing or selecting “LPT,” and number of
tests to be run. If the standard is to be tested, identify the standard
by “S1” and test in duplicate. If the positive control is to be tested,
identify it by “C1.” If the negative control is to be tested, identify
it by “C2.”

Table 2013.10D.

Interpretation of test

Test value threshold

Interpretation

<0.05

Negative

≥0.05

Positive

Note: The standard must be tested upon receipt of a new lot of
reagents and then every 14 days. The relative fluorescence value
(RFV) of the standard must fall within the set range provided with
the kit.
(e) Load the LPT reagents strips and SPRs into the positions that
correspond to the VIDAS section indicated by the work list. Verify
that the color labels with the assay code on the SPRs and reagent
strips match.
(f) Initiate the assay processing as directed in the VIDAS
operator’s manual.
(g) After the assay is completed, remove the SPRs and reagent
strips from the instrument and dispose of properly.
F. Results and Interpretation

The results are analyzed automatically by the VIDAS system.
A report is printed which records the type of test performed, the
test sample identification, the date and time, the lot number and
expiration date of the reagent kit being used, and each sample’s
RFV, test value, and interpreted result (positive or negative).
Fluorescence is measured twice in the reagent strip’s reading
cuvette for each sample tested. The first reading is a background
reading of the substrate cuvette before the SPR is introduced into
the substrate. The second reading is taken after incubating the
substrate with the enzyme remaining on the interior of the SPR.
The test value is calculated by the instrument and is equal to the
difference between the background reading and the final reading.
The calculation appears on the result sheet. A “negative” result
has a test value less than the threshold (0.05) and indicates that
the sample does not contain Listeria spp. or contains Listeria spp.
at a concentration below the detection limit. A “positive” result
has a test value equal to or greater than the threshold (≥0.05) and
indicates that the sample may be contaminated with Listeria spp. If
the background reading is above a predetermined cutoff, then the
result is reported as invalid (Table 2013.10D).
G. Confirmation

All positive VIDAS LPT results must be culturally confirmed.
Confirmation should be performed using the nonheated enrichment
broth stored between 2–8°C and should be initiated within 72 h
following the end of incubation (AFNOR Certificate No. BIO
12/33-05/12). Presumptive positive results may be confirmed by
isolating on selective agar plates such as ALOA or on the appropriate
reference method selective agar plates. Typical or suspect colonies
from each plate are confirmed as described in appropriate reference
method. As an alternative to the conventional confirmation for
Listeria, 2012.02 VITEK 2 GP Biochemical Identification or API
Listeria biochemical kits may be used for presumptive generic
identification of foodborne Listeria.
Reference: J. AOAC Int. 97, 431(2014)
DOI: 10.5740/jaoacint.13-372
Posted: May 2014, February 2016
© 2016 AOAC INTERNATIONAL

(b) (4)

(b) (4)

(b) (4)

Certificate Of Analysis
Item Number

SO155

Lot Number

1JI0681

Item

Sodium Chloride, Granular, USP

Manufacturer Lot

RI20191040

CAS Number

7647-14-5

Manufacturer Code

12349

Molecular Formula

NaCl

Molecular Weight

58.44

Test

Specification
min

ASSAY (DRIED BASIS)
APPEARANCE OF SOLUTION

99.0
CLEAR
COLORLESS

ACIDITY OR ALKALINITY
LOSS ON DRYING
ALUMINUM
BROMIDES
PHOSPHATES
POTASSIUM
IODIDES
NO BLUE COLOR
MAGNESIUM AND ALKALINE-EARTH METALS (as
Ca)
ARSENIC (As)
IRON (Fe)
OPALESCENCE
BARIUM (Ba)
LESS THAN
REFERENCE
FERROCYANIDES
NO BLUE COLOR
SULFATE (SO4)
NITRITES
BACTERIAL ENDOTOXINS
ELEMENTAL IMPURITIES

AS REPORTED

IDENTIFICATION (A)

POSITIVE FOR
SODIUM
PRECIPITATE
DISSOLVES

IDENTIFICATION (B)
CERTIFIED KOSHER
CERTIFIED HALAL
APPEARANCE
RETEST DATE
DATE OF MANUFACTURE
RESIDUAL SOLVENTS
MONOGRAPH EDITION

-AS REPORTED

Result
max

100.5 %

0.5 ml
0.5%
0.2 ppm
100 ppm
25 ppm
500 ppm
100 ppm
1 ppm
2 ppm

200 ppm
0.01
5 IU/g

99.5 %
CLEAR
COLORLESS
<0.5 ml
0.1 %
<0.05 ppm
<100 ppm
<25 ppm
32 ppm
NO BLUE COLOR
4 ppm
<1 ppm
<1 ppm
OPALESCENCE
LESS THAN
REFERENCE
NO BLUE COLOR
<200 ppm
0.00
<2.5 IU/g
NO ELEMENTAL
IMPURITIES
PRESENT
POSITIVE FOR
SODIUM
PRECIPITATE
DISSOLVES
CERTIFIED
KOSHER
CERTIFIED HALAL
WHITE GRANULES
09-JUL-2023
09-JUL-2020
NO RESIDUAL
SOLVENTS USED
(USP) 42

(b) (4)

Specifications for Sodium Sulfate

Ingredient:

Sodium Sulfate

Chemical Nomenclature:

NaSO4

Specifications:

Feed Grade

Moisture:

 1% by LOD

Purity:

 98%

(b) (4)

Specification for Ammonium Chloride, Granular, FCC
(A1167)

Item Number

A1167

Item

Ammonium Chloride, Granular, FCC

CAS Number

12125-02-9

Molecular Formula

NH4Cl

Molecular Weight

53.49

MDL Number
Synonyms

Test
ASSAY (DRIED BASIS)
LEAD (Pb)
LOSS ON DRYING
IDENTIFICATION
RETEST DATE

Specification
Min
99.0 %

Max
4 mg/kg
0.5 %

TO PASS TEST

(b) (4)

(b) (4)

Fat Encapsulated Butyrivibrio fibrisolvens ASCUSDY19
Confidential Detailed Manufacturing Summary

Confidential Detailed Manufacturing Summary of Fat
Encapsulated Butyrivibrio fibrisolvens ASCUSDY19
1

Overview

Fat Encapsulated Butyrivibrio fibrisolvens ASCUSDY19 is produced through a series of
processes: Fermentation, Preservation by Vaporization, Milling and Fat Encapsulation. A
process diagram of the production of Fat Encapsulated B. fibrisolvens ASCUSDY19 is below
(Appendix A). The strain (B. fibrisolvens ASCUSDY19) is a strictly anaerobic non-sporeforming B. fibrisolvens bacterium, that is produced by glucose fed-batch anaerobic fermentation.
Once the fermentation is complete, the biomass

2

(b) (4)

Master Cell Bank / Working Cell Bank
(b) (4)

3

Fermentation
(b) (4)

Confidential
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Confidential Detailed Manufacturing Summary
(b) (4)
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Fat Encapsulated Butyrivibrio fibrisolvens ASCUSDY19
Confidential Detailed Manufacturing Summary

4

Biomass Harvest by Centrifugation
(b) (4)

5

Preservation Mixture Formulation
(b) (4)

Confidential
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Fat Encapsulated Butyrivibrio fibrisolvens ASCUSDY19
Confidential Detailed Manufacturing Summary
(b) (4)

Freeze Drying

6

(b) (4)

Table 2.

Freeze Dryer Profile
(b) (4)
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Confidential Detailed Manufacturing Summary
(b) (4)

7

Milling
(b) (4)

8

Fat Encapsulation
(b) (4)

Confidential

Page 7 of 9

Fat Encapsulated Butyrivibrio fibrisolvens ASCUSDY19
Confidential Detailed Manufacturing Summary
(b) (4)

(b) (4)
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DocuSign Envelope ID: AC07777E-7B49-4679-B928-9D1A735919FB

Method
Title

Moisture Analysis

Version

01

Effective Date

15Dec2019

Author

Adam Taylor

Approver
(Signature & Date)



Martin Mayhew – VP – Process Development & Manufacturing

Scope
This method is used to determine the moisture content of solid samples such as Galaxis 100,
Altius 5, DY20 SDP, and DY21 POE.

Safety
Wear safety goggles, lab coat, and gloves when handling samples.
Use caution when removing the sample as the sample, chamber, and draft shield may be
extremely hot.

Materials
None

Equipment
Ohaus Moisture Analyzer (multiple models may be used)

Media and Reagents
None

Method
(b) (4)

Confidential

T601A – Method Template
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Reasons for Revision
(b) (4)
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DY21-POE Microbe Enumeration
05
15May2020
Miranda Striluk

Martin Mayhew
VP Process Development & Manufacturing
Scope
The purpose of this assay is to determine the number of viable cells of Dairy-21 in Dairy-21 Palm Oil Encapsulate by
counting colony forming units (CFU) on solid media.
Safety
Consult the Safety Data Sheet for all reagents prior to handling. Use caution in working with a hot water bath, hot liquids,
liquid nitrogen, and extremely cold material. Liquid nitrogen can cause cold burns, frostbite, and permanent eye damage
from brief exposure. Avoid skin and eye contact with liquid nitrogen and wear appropriate personal protective equipment
(safety glasses and gloves) at all times. Analyst should be trained on liquid nitrogen handling before continuing this
method.
Materials
Corning® 15mL Polypropylene Centrifuge Tubes (Corning 430052)
Test tubes, 13x100 mm, sterile
Test tube cap, 16 mm, polypropylene
1.5 mL polypropylene microcentrifuge tube with snap cap
L Pipette
2
L Pipette
L pipette tips sterile
200 L pipette tips sterile
Glass beads, 3 mm, sterile, new
Equipment
Laboratory Vortexer
Class I/II Biosafety Cabinet
pH meter
Mortar and Pestle
Magnetic Stir Plate
Media & Reagents
YPD Plates
Growcells 10X Phosphate Buffered Saline pH 7.4 (PBS), sterile (Growcells MRGF-6235)
Growcells 1X Phosphate Buffered Saline with 0.05% TWEEN pH 7.4, sterile (Growcells MRGF-6275)
Reagent grade 95% Ethanol
70% Ethanol
10% Bleach
Liquid Nitrogen
1N Hydrochloric Acid
1N Sodium Hydroxide

Confidential
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DY21-POE Microbe Enumeration
Method

1.

Preparation of sterile 1X Phosphate Buffered Saline (PBS), pH 7.4

2.

De-encapsulation of Spray Congealed DY21-POE

(b) (4)

(b) (4)

3

4.

(b) (4)

DY21-POE Aerobic Plating
(b) (4)

Confidential
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DY21-POE Microbe Enumeration
(b) (4)

5.

Negative Control Plating
(b) (4)

6

(b) (4)

Confidential
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DY21-POE Microbe Enumeration
(b) (4)

Reasons for Revision

(b) (4)

Confidential
Page 4 of 4

       

Product Certificate of Analysis
Product Name

B. fibrisolvens ASCUSDY19 Fat Encapsulated Product

Batch Number

1801.2037

Date of Manufacture

24Nov2020

Expiration Date

N/A

Retest Date

24Nov2021

Storage Conditions

2 - 10°C

Analytical Property
Viable cell count
Coliform
E. coli
Salmonella
Listeria

Specification
>2.0 E+07 CFU/g
<10 CFU/g
<10 CFU/g
Negative/25g
Negative/25g

Result
5.48 E+08 CFU/g
<10 CFU/g
<10 CFU/g
Negative
Negative

Approval (Name, Title, Signature, and Date)
This batch was manufactured and tested according to the product registration and regulatory agency
requirements.


Kelly Mercier
Quality

Confidential
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Analysis of Butyrivibrio fibrisolvens
ASCUSDY19 POE (DY19) for Heavy Metals &
Microbial Contamination

Approvers:


Martin Mayhew
Vice President – Product Development
& Manufacturing

Date



Kelly Mercier
Quality

Date



Kevin Korth
Regulatory

Date

Prepared by
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Butyrivibrio fibrisolvens ASCUSDY19 POE Analysis
for Heavy Metals & Microbial Contamination

Analysis of Butyrivibrio fibrisolvens ASCUSDY19 POE
for Heavy Metals & Microbial Contamination
Three lots of Butyrivibrio fibrisolvens ASCUSDY19 POE were sent for heavy metal and
microbial contamination analysis at
(b) (4)
Note: B. fibrisolvens
Dairy-19 Fat Encapsulate which was internal name used by Native Microbials, Inc.)

(b) (4)

The ICP-MS/AOAC 2015.01 method was used for the heavy metal analysis of the samples and
results are summarized in the following table.
Table 1.

Heavy Metal Analysis of Three Lots of Butyrivibrio fibrisolvens ASCUSDY19
POE

Lot Number
Detection Limit
DY19 1801.2033
DY19 1801.2035
DY19 1801.2037

Arsenic, ppm
0.004
ND
0.013
0.015

Cadmium, ppm
0.0008
ND
ND
ND

Lead, ppm
0.001
ND
ND
0.003

Mercury, ppm
0.001
ND
ND
ND

ND – None Detected

The methods used for analysis were AOAC 2018.13 for Coliforms/E. coli, AOAC 2013.01 for
Salmonella, and AOAC 2013.10 for Listeria. Results are summarized in the following table.
Table 2.

Microbial Contamination Testing for Butyrivibrio fibrisolvens ASCUSDY19
POE

Lot Number
Requirement
DY19 1801.2033
DY19 1801.2035
DY19 1801.2037

Coliform, CFU/g
<10
<10
<10
<10

E. coli, CFU/g
<10
<10
<10
<10

Salmonella, per 25g
Negative
Negative
Negative
Negative

Listeria, per 25g
Negative
Negative
Negative
Negative

B. fibrisolvens ASCUSDY19 POE is intended to be fed as part of the product mixed in a grain
premix then further diluted in a total mixed ration or grain supplement. Given the low inclusion
rate in the grain mix (5 g/cow/day) and further dilution in the total mixed ration, no heavy metal
specification is needed. However, all lots will be tested for microbial contamination at the end of
the production of B. fibrisolvens ASCUSDY19 POE.

Page 2 of 8

Suggested Decision Tree for determining the safety of microbial cultures for consumption
by humans and animals (Pariza et al, 2015)
1. Has the strain been characterized for the purpose of assigning an unambiguous genus and species name using
currently accepted methodology?
(If YES, go to 2. If NO, the strain must be characterized and unambiguously identified before proceeding).
2. Has the strain genome been sequenced?
(If YES, go to 3. If NO, the genome must be sequenced before proceeding to 3.)
3. Is the strain genome free of genetic elements encoding virulence factors and/or toxins associated with
pathogenicity?
(If YES, go to 4. If NO, go to 15.)
4. Is the strain genome free of functional and transferable antibiotic resistance gene DNA?
(If YES, go to 5. If NO, go to 15.)
5. Does the strain produce antimicrobial substances?
(If NO, go to 6. If YES, go to 15.)
6. Has the strain been genetically modified using rDNA techniques?
(If YES, go to 7a or 7b. If NO, go to 8a or 8b.)
7a For strains to be used in human food: Do the expressed product(s) that are encoded by the introduced DNA have
a history of safe use in food?
(If YES, go to 8a. If NO, the expressed product(s) must be shown to be safe before proceeding to 8a.)
7b For strains to be used in animal feed: Do the expressed product(s) that are encoded by the introduced DNA have
a history of safe use in feed for the target animal species?
(If YES, go to 8b. If NO, the expressed product(s) must be shown to be safe for the target animal species before
proceeding to 8b.)
8a For strains to be used in human food: Was the strain isolated from a food that has a history of safe consumption
for which the species, to which the strain belongs, is a substantial and characterizing component (not simply an
'incidental isolate')?
(If YES, go to 9a. If NO, go to 13a.)
8b For strains to be used in animal feeds: Was the strain isolated from a feed (for example, silage) that has a history
of safe consumption by target animals, for which the species, to which the strain belongs, is a substantial and
characterizing component (not simply an 'incidental isolate')?
(If YES, go to 9b. If NO, go to 13b.)
9a For strains to be used in human food: Has the species, to which the strain belongs, undergone a comprehensive
peer-reviewed safety evaluation and been affirmed to be safe for food use by an authoritative group of qualified
scientific experts?
(If YES, go to 10a. If NO, go to 13a.)
9b For strains to be used in animal feeds: Has the species, to which the strain belongs, undergone a comprehensive
peer-reviewed safety evaluation and been affirmed to be safe for feed use by an authoritative group of qualified
scientific experts?
(If YES, go to 10b. If NO, go to 13b.)
10a For strains to be used in human food: Do scientific findings published since completion of the comprehensive
peer-reviewed safety evaluation cited in question 9a continue to support the conclusion that the species, to which the
strain belongs, is safe for use in food?
(If YES, go to 11a. If NO, go to 13a.)

10b For strains to be used in animal feeds: Do scientific findings published since completion of the comprehensive
peer-reviewed safety evaluation cited in question 9b continue to support the conclusion that the species, to which the
strain belongs, is safe for use in feed?
(If YES, go to 11b. If NO, go to 13b.)
11a For strains to be used in human food: Will the intended use of the strain expand exposure to the species beyond
the group(s) that typically consume the species in “traditional” food(s) in which it is typically found (for example,
will a strain that was isolated from a fermented food typically consumed by healthy adults be used in food intended
for an 'at risk' group)?
(If NO, go to 12a. If YES, go to 13a.)
11b For strains to be used in animal feeds: Will the intended use of the strain expand exposure to the species beyond
the target animals that typically consume the species in “traditional” feed(s) in which it is typically found (for
example, will a strain that was isolated from silage be used in swine feed)?
(If NO, go to 12b. If YES, go to 13b.)
12a For strains to be used in human food: Will the intended use of the strain expand intake of the species (for
example, increasing the number of foods beyond the traditional foods in which the species typically found, or using
the strain as a probiotic rather than as a fermented food starter culture, which may significantly increase the single
dose and/or chronic exposure)?
(If NO, go to 14a. If YES, go to 13a.)
12b For strains to be used in animal feeds: Will the intended use of the strain expand intake of the species (for
example, increasing the number of feeds beyond the traditional feeds in which the species is typically found, or
using the strain as a probiotic rather than as a silage starter culture)?
(If NO, go to 14b. If YES, go to 13b.)
13a For strains to be used in human food: Does the strain induce undesirable physiological effects in appropriately
designed safety evaluation studies?
(If yes, go to 15. If no, go to 14a.)
13b For strains to be used in animal feeds: Does the strain induce undesirable physiological effects in appropriately
designed safety evaluation studies?
(If yes, go to 15. If no, go to 14b.)
14a The strain is deemed to be safe for use in the manufacture of food, probiotics, and dietary supplements for
human consumption.
14b The strain is deemed to be safe for use in the manufacture of feeds, probiotics, and dietary supplements for
animal consumption.
15. The strain is NOT APPROPRIATE for human or animal consumption.

Pariza Decision Tree as applied to Butyrivibrio fibrisolvens ASCUSDY19
1. Has the strain been characterized for the purpose of assigning an unambiguous genus and species name using
currently accepted methodology?
Yes, go to 2.
2. Has the strain genome been sequenced?
Yes, go to 3.
3. Is the strain free of genetic elements encoding virulence factors and/or toxins associated with pathogenicity?
Yes, go to 4.
4. Is the strain genome free of functional transferable antibiotic resistance gene DNA?
Yes, go to 5.
5. Does the strain produce antimicrobial substances?
No, go to 6.
6. Has the strain been genetically modified using rDNA techniques?
No, go to 8b.
8b. For strains to be used in animal feeds: Was the strain isolated from a feed (for example, silage) that has a history
of safe consumption by target animals, for which the species, to which the strain belongs, is a substantial and
characterizing component (not simply an 'incidental isolate')?
No, go to 13b.
13b For strains to be used in animal feeds: Does the strain induce undesirable physiological effects in appropriately
designed safety evaluation studies?
No, go to 14b.

14b The strain is deemed to be safe for use in the manufacture of feeds, probiotics, and dietary supplements
for animal consumption.
Safety is based on (a) natural occurrence and prevalence of B. fibrisolvens ASCUSDY19 in the rumen of ruminants;
and (b) characterization of the strain to indicate absence of any anticipated virulence factors for pathogenicity or antimicrobial resistance of concern.

A literature search was conducted on December 22, 2020 in order to identify potential information
related to the safety and utility of Butyrivibrio fibrisolvens as a direct fed microbial (DFM) strain for
cattle. The overall search strategy is described in Table 1. The Web of Science database was searched
using the keyword/search terms listed in Table 2. The search was verified by reviewing the primary hits
from a Google Scholar search.
Considering the number of articles identified (>500), the search results were reviewed to identify articles
representative of the body of available data relating to the safety of the species. In particular, the
review focused on identifying comprehensive reviews, widely cited articles and recent articles of
relevance.
Nomenclature
The NCBI database was reviewed as well as the published literature to identify all recognized taxonomic
classification of the species. This species only has one classified name: Butyrivibrio fibrisolvens.
Table 1:
Literature Search and Selection Strategy
Step 1 Records identified using selected literature
Web of Science
databases
Total records (titles/abstracts) identified through electronic search
Step 2 Screen titles/abstracts and exclude obviously irrelevant records
Step 3 Review full texts and assess for relevance and eligibility for inclusion
Table 2:
Topic Specific Search Terms using Species
Search strategy for safety of
Keywords/search
Term
species
terms
1
Term
[Safety Search]
[Database: Google
2
Scholar]

Search strategy for safety of
Butyrivibrio fibrisolvens for cattle
[Target Animal Search]

Keywords/search
terms
[Database: Google
Scholar]

Term
1
Term
2

Butyrivibrio
fibrisolvens
Toxi*(n=37)
Pathogen*
(n=1,080)
Safe*(n=954)
Infection
(n=1,470)
Disease
(n=2,990)
Mortal* (n=30)
Butyrivibrio
fibrisolvens
Cattle
(n=4,130)
Cow*
(n=2,790)
Bovine
(n=3,750)
Ruminant*
(n=4,240)
Calf (n=691)
Calves
(n=1,170)
Bull* (n=854)

Heifer*
(n=207)
Search strategy for history of use Keywords/search
Term Butyrivibrio
of Butyrivibrio fibrisolvens for
terms
1
fibrisolvens
use in food and feed
Term Food*
[Database: Google
2
(n=6,000)
[History of Use Search]
Scholar]
Feed*
(n=5,030)
Search: Term 1 in combination with one or more of Term 2; Boolean search techniques were applied.
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Fat Encapsulated Butyrivibrio fibrisolvens
ASCUSDY19 Analysis for Accelerated Stability Report

Objective
The objective of this analysis was to utilize accelerated stability data obtained from Butyrivibrio
fibrisolvens ASCUSDY19 Fat Encapsulate Lots 1801.2033, 1801.2035, and 1801.2037 to
establish a shelf life under normal storage conditions (2-10°C).
The Arrhenius equation can be used to predict decay rates at various temperatures according to
the following equation:
ିா

݇ ൌ  ݁ܣோ்
where k represents the rate of decay, A is the pre-exponential factor, Ea is the activation energy
of the decay reaction, R is the universal gas constant, and T is the temperature of the reaction.
When rearranged, the equation can take a linear form:
െͳ ܽܧ
݈݊ ሺ݇ሻ ൌ ݈݊ ሺܣሻ 
൬ ൰
ܴ ܶ
Results
Samples from each lot were placed at 40°C, 50°C, and 60°C and analyzed over time for viable
cell count. The results are shown in Tables 1-3 and plotted in Figure 1.
Table 1: Stability at 40°C
Lot 1801.2033

Lot 1801.2035

Lot 1801.2037
(b) (4)

Time (hr)
0
72
168
336
504
Table 2: Stability at 50°C
Lot 1801.2033
Time (hr)
0
8
24
48
96

Average (CFU/g)

STDEV

Lot 1801.2035
Average (CFU/g)

STDEV

Lot 1801.2037
Average (CFU/g)

STDEV
(b) (4)

          

Fat Encapsulated Butyrivibrio fibrisolvens
ASCUSDY19 Analysis for Accelerated Stability Report
Table 4: Predicted Decay Rate and Shelf Life at 10°C
Initial
Log CFU/g
ln[Decay Rate
Lot
CFU/g
to minimum
(log CFU/hr)]
1801.2033

Predicted Decay Rate
(Log CFU/day)

Predicted Shelf
Life (days) (b) (4)

1801.2035
1801.2037

Conclusion
Accelerated stability analysis using the Arrhenius equation leads to a minimum predicted time of
41,366 days at 10°C until the minimum label claim is reached. The analysis was conducted on
three representative lots of manufactured product and justifies a shelf life of 12 months under 210°C storage conditions.
Data Availability
Stability data, Arrhenius analysis, and the original protocol can be found on the company drive
(b) (4)
under

We acknowledge that there are differences between VFDB (PATRIC) and Victors (PATRIC) and the
original databases were queried using 80% identity and 70% coverage cutoffs. Results are
provided in the narrative. We have also updated the narrative to include the number of genomic
islands and a more thorough description of the IsandViewer tool.
2. The notifier states that PathogenFinder deemed that B. fibrisolvens ASCUSDY19 is not a
pathogen, but elsewhere in the narrative states that B. fibrisolvens ASCUSDY19 is not a predicted
“human pathogen”. The original publication of PathogenFinder does not mention whether
PathogenFinder is able to predict animal pathogens. CVM conducted a brief search in the
published test results which revealed that an example organism, Clostridium botulinum
BKT015925, known to produce neurotoxins and cause animal botulism, was predicted with “no
pathogenicity”. Based on this information it is unclear at this time if PathogenFinder is suitable to
predict animal pathogens. The notifier should explain in its narrative how PathogenFinder can be
used to address animal pathogens.
Response: We acknowledge that PathogenFinder has limited ability to detect non-human
pathogens, and have updated the text in the narrative accordingly. The goal is to use this tool to
identify potential pathogenicity using a broad range of genome sequences (i.e. not just B.
fibrisolvens) in order to comprehensively assess pathogenicity and to detect features that may
not have been previously identified in species of B. fibrisolvens.
Microbial Safety
1. The notifier states on page 51 that “No reports of toxigenicity or pathogenicity associated with B.
fibrisolvens were identified in the published literature”, but this is contradicted by statements
elsewhere in the notice. The notifier should resolve this discrepancy.
Response: Section 6.8 has been updated to resolve the discrepancy (see Attachment 3).
Additional text has been added to address the few published clinical cases.
2. In response to question 13b of the Pariza et al. (2015) decision tree, “For strains to be used in
animal feeds: Does the strain induce undesirable physiological effects in appropriately designed
safety evaluation studies? xviii” the notifier states “no” but does not address the footnote
associated with this question, “Experimental evidence of safety is required. Such evidence may
include, but is not necessarily limited to, studies in appropriate animal models and the target
animal species.” The notifier must address this contradiction.
Response: Experimental evidence of safety in which B. fibrisolvens was fed to dairy cows and
cattle has been completed and are presented in the dossier (Shivani et al., 2016 and Klieve et al.,
2003). No adverse health impacts were observed in these studies.
Since the submission of AGRN 42, a study specific to incorporation of B. fibrisolvens ASCUSDY19
in feed has been completed (Attachment 4). Thirty lactating multiparous cows were fed a
consortia of four microorganisms (including B. fibrisolvens ASCUSYDY19) for 39 weeks and
another thirty cows served as the control. This study ĐŽƌƌŽďŽƌĂƚĞĚ that cows supplemented
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with B. fibrisolvens ASCUSYDY19 exhibit no undesirable physiological effects. No adverse effects
were observed, thus further supporting the safety assessment.
The text in Section 6 has been updated accordingly (see Attachment 3).
Utility
1. The notifier states on page 9 of its GRAS notice that the intended purpose of B. fibrisolvens
ASCUSDY19 supplementation is to “augment the digestion of feed in the rumen.” The two
articles described in section 6.5 (Shivani et al., 2016 and Klieve et al., 2003) do not provide
evidence that B. fibrisolvens supplementation augments rumen fermentation. However, the
notifier states on page 37 of the notice that “based on the results of published comparative
studies, B. fibrisolvens ASCUSDY19 will act only to support normal ruminal function of digestion
of feed, …” Thus, the description of the intended conditions of use of the additive is not
accurate and the intended technical effect may be acceptable if as described elsewhere, the
notifier indicates that the use is to support rumen fermentation. There was also discussion that
the terms “support” as used elsewhere in the document and “augment” have different
meanings.
Response: The text (updated Section 1, included as Attachment 1, and updated Section 2,
included as Attachment 2) has been updated throughout the dossier to reflect that the intended
technical effect is to “support” normal ruminant digestion with the existing rumen microbiome
rather than “augment”.
2. The notifier describes in section 2.5 that “the technical effect of B. fibrisolvens ASCUSDY19 when
fed to dairy cattle as a direct fed microbial under the conditions of intended use does not have a
bearing on safety. However, the notifier incorporates a section in the notice (section 2.5.1) that
describes how modifying the microbiome could influence rumen fermentation processes and
provides examples of ways that B. fibrisolvens might alter end-products of digestion and
subsequently these end-products have altered composition of animal products or animal
productivity. The notifier needs to address how supplementing B. fibrisolvens ASCUSDY19 would
not have a “bearing on safety” if the intended purpose is to augment rumen fermentation and
alter the composition of animal products or animal productivity, which could be addressed by
removal of this section.
Response: The intended purpose is to support digestion. Section 2.5.1 has been removed from
the dossier (see Attachment 2).
3. The notifier should recognize that it is contradictory to argue that safety does not relate to
utility, but then to include a great deal of discussion outlining expected benefits associated with
feeding the viable microorganism, such as increased digestion, animal productivity, and altered
composition. Some of these do relate to safety. The notifier asked about how to address the
argument that safety is not related to utility. CVM responded that, as addressed in other notices,
the notifier should provide an argument with supporting information that if the microbe had no
effect in the rumen, the other rumen microflora would be expected to metabolize consumed
feed.
Response: The discussion related to possible benefits of feeding has been modified and Section
6 has been updated accordingly (see Attachment 3).
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4. Several articles in the scientific literature indicate that B. fibrisolvens produces extracellular
polysaccharides and that these substances enhance B. fibrisolvens ability to bind to fiber
particles and to associate with microorganisms that breakdown cellulose and hemicellulose,
noting the nutritional interdependence among rumen bacteria is common. These data also
indicates that pure cultures of B. fibrisolvens readily degrade xylans, and also ferments other
hemicelluloses considerably less well. Some articles indicate that B.fibrisolvens does not ferment
cellulose unless it is co-incubated with other microorganisms. The inconsistency between the
need for B. fibrisolvens to utilize extracellular polysaccharides to attach to fiber particles to
create a microenvironment for nutritional interdependence and supplementation of a live
microorganism in an encapsulated form needs to be addressed.
Response: The purpose of B.fibrisolvens ASCUSDY19 encapsulation is a delivery method to
ensure that the microorganism survives when it is exposed to the air and other environmental
stressors before it reaches the rumen. B. fibrisolvens is an anaerobic bacterium that cannot
survive when exposed to atmospheric oxygen (Loesche 1969). Loesche (1969) reported that
0.7% oxygen would inhibit the growth of B. fibrisolvens and when exposed to air (21% oxygen),
B. fibrisolvens would not survive more than 100 minutes. Therefore, the encapsulation is used to
create a temporary barrier between live B. fibrisolvens, oxygen, and other potentially
antimicrobial compounds in the environment (i.e. TMR). Upon the exposure to moisture (i.e, in
the rumen), the encapsulation would dissolve and allow B. fibrisolvens to become active in the
rumen. Thus, it is expected that the fed B. fibrisolvens ASCUSDY19 will be present in an
unencapsulated form in the rumen and the encapsulation would not interfere with the activity of
the microorganism
5. Other articles in the scientific literature focused on B. fibrisolvens ability to degrade proteins and
noted that B. fibrisolvens is one of the most important protein degrading species isolated from
the rumen and one of the major end-products of this degradation is ammonia. The notifier
acknowledges on page 44 that B. fibrisolvens is proteolytic but does not address the fact that the
major end-product is ammonia. The notifier should address this issue in terms of potential
impacts on safety.
Response: Nitrogen metabolism in the rumen is important. However, proteolytic activity does
not always lead to the production of ammonia (Bach, Calsamiglia, and Stern 2005). As noted by
Bach, Calsamiglia, and Stern (2005) regarding the fate of peptides and amino acids (AA)
produced via rumen proteolytic activity:
“Peptides and AA resulting from the extracellular rumen proteolytic activity are transported inside
microbial cells. Peptides can be further degraded by peptidases into AA, and the latter can be
incorporated into microbial protein or further deaminated to VFA, CO2, and ammonia (Tamminga,
1979). The fate of absorbed peptides and AA once inside the microbial cell will depend on the
availability of energy [carbohydrates (CHO)]. If energy is available, AA will be transaminated or
used directly for microbial protein synthesis. However, if energy is limiting, AA will be deaminated,
and their carbon skeleton will be fermented into VFA. Some ruminal bacteria lack mechanisms of
AA transport from the cytoplasm to the extracellular environment, and AA absorbed in excess
must be excreted from the cytoplasm as ammonia (Tamminga, 1979).”

Specifically, Sales, Lucas, and Blanchart (2000) found that the presence of ammonia and AA
stimulates the growth and proteolytic activity of B. fibrisolvens. When casein is used as the sole
protein source, the biomass, doubling time, and the proteolytic activity of B. fibrisolvens
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remain above specification (2.0 E+07 CFU/g), giving further evidence that supports the tentative
12 months expiration date set in the dossier.
Analytical Methods
1. The notifier refers to FDA-BAM method for the determination of the botulinum toxins. The
referenced FDA-BAM method includes mouse bioassay, amplified ELISA assay, an approach using
digoxigenin-labeled IgGs and DIG-ELISA, and PCR method. The notifier needs to clarify which
testing approach is used and what type of toxins are tested.
Response: The testing approach used for botulinum toxin testing is the mouse bioassay, which
does not differentiate between toxin types. Official documentation from the accredited testing
laboratory is appended to this document as Attachment 13
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ATTACHMENT 1
Amended Dossier Section 1.3

AGRN 42 Butyrivibrio fibrisolvens ASCUSDY19
Amended Section 1.3
1.3

Intended Conditions of Use

B. fibrisolvens ASCUSDY19 is intended for use as a supplemental source of viable microorganisms in the
feed of dairy cattle. The intended purpose of supplementation of the microorganism is to support the
digestion of feed in the rumen. The microbial strain will be delivered in the fat encapsulated form to
dairy cattle either alone or in combination with other microbial strains. Examples of the conditions under
which direct fed microbial products containing fat encapsulated B. fibrisolvens ASCUSDY19 may be
incorporated into the diet of dairy cattle include as part of the total mixed ration (TMR), as top-dressing
to individual feeds or the daily ration, and as a component of a feed supplement. It is anticipated that B.
fibrisolvens ASCUSDY19 will be incorporated into feed at a recommended level of 1x108 CFU/cow/day.

AGRN 42 Butyrivibrio fibrisolvens ASCUSDY19
GRAS Notice Amendment

ATTACHMENT 2
Amended Dossier Sections 2.1.4 through 2.1.9 and 2.5

similar site-directed recombinases. The search returned 134,507 unique protein hits between diverse
taxa including pathogenic and non-pathogenic species. Alignment of the recombinase protein identified
in the B. fibrisolvens ASCUSDY19 genome yielded hits in pathogenic Streptococci and in non pathogenic
commensals alike, suggesting that the recombinase does not solely cause pathogenicity or virulence.
Results for these analyses can be found in Tables 2.13 to 2.17.
Lower cutoff threshold alignments to curated clostridial toxin databases from VFDB and DBETH yielded 2
and 10 hits respectively. One protein match was identified by both databases, making for a total of 11
unique protein hits between the two databases. Each putative protein toxin identified by the database
search was then subjected to a BLASTp search to the NCBI database as means to compare annotations
and assess the distribution of the protein globally. Full results can be found in tables 2.18 and 2.20. The
11 unique protein alignments can be summarized as follows:
●

All 11 potential toxins identified more closely matched proteins from non-pathogenic B.
fibrisolvens than to the sequences from the toxin database (table 2.20). Of the 11 proteins only 1
has an annotated function by NCBI that matches its annotated function in the toxin database.
This protein is a putative RNA methyltransferase. The other 10 proteins matched more closely to
proteins with annotated functions that are not related to toxicity. Additionally, 1 protein has an
annotated function by NCBI as hemolysin family protein (HlyC/CorC transporter family protein)
and warrants further examination.

●

The single protein which had match functional annotations in both the VFDB toxin database and
NCBI encodes for a RNA methyltransferase (TlyA). The protein from B. fibrisolvens ASCUSDY19
matches a RNA methyltransferase in pathogenic Clostridium at 63.6%. Methylation of rRNA is a
ubiquitous bacterial cellular process and in some cases differing patterns of methylation
between clades can be used for phylogenetic reconstruction (Khaitovich and Mankin 2000;
Green and Noller 1996; Liu and Douthwaite 2002). In some cases strain specific patterns of rRNA
methylation has been demonstrated to impart antimicrobial resistance and enhance virulence
and pathogenicity (Doi and Arakawa 2007; Sałamaszyńska-Guz et al. 2020; Rahman et al. 2015;
Monshupanee 2013; Lata, Paul, and Chattopadhyay 2014). The rRNA methylase homolog in
question more closely matches rRNA methylases from non-pathogenic B. fibrisolvens than any
feature from pathogenic species.

●

The hemolysin family protein (HlyC/CorC family transporter) in question shares 31.9% identity
with a modulator of ion transport in pathogenic C. botulinum. HlyC/CorC domain (pfam
PF03471) proteins play an essential role in magnesium and cobalt transport as well as potentially
playing a role in modulating the transport of other ions (Harris, Odzer, and Breaker 2019; Huang
et al. 2021)The domain is widely distributed across proteins of differing function throughout the
phylum Firmicutes. The pfam database has 2,145 entries for HlyC/CorC domain proteins in 999
species in the phylum Firmicutes. While the protein identified in the B. fibrisolvens contains this
domain there is no evidence to suggest it engages in hemolytic activity. In fact, importantly, the
protein is 99.6% identical with a 100% coverage to proteins in non pathogenic B. fibrisolvens.

Amended Section 2.5
2.5

Effect of the Notified Substance

This portion of the notice addresses the requirements specified in 21 CFR 570.230(d):
(d) When necessary to demonstrate safety, relevant data and information bearing on the
physical or other technical effect the notified substance is intended to produce, including the
quantity of the notified substance required to produce such effect.
The GRAS Final Rule (81 FR 54960) provides interpretation of this regulation specific to animal feed
ingredients in response to comment 144: “We agree that data and information bearing on the physical or
other technical effect the notified substance is intended to produce are only necessary when they bear
on safety.” A product like phytase would require data, however, the intended purpose of
supplementation of B. fibrisolvens ASCUSDY19 is to support normal rumen digestion. As described
below, Native Microbials has determined that the technical effect of B. fibrisolvens ASCUSDY19 when fed
to dairy cattle as a direct fed microbial under the conditions of intended use does not have a bearing on
safety. Thus, data and information demonstrating the intended effect of B. fibrisolvens ASCUSDY19 in the
feed of dairy cattle are not required as part of this GRAS notice.
The use of this organism is to facilitate the digestion of degraded fibrous plant material and ferments
polysaccharides (Hespell, Wolf, and Bothast 1987). B. fibrisolvens has been found in rumen and silage
globally (Kameshwar et al., 2019; Avila and Carvaho, 2019; Thi Hoang et al., 2020; Seshadri et al., 2018)
and has been assessed as a probiotic for monogastric animals (Vanbelle et al., 1990; Prosekov et al.,
2015). The contribution of DFMs to the fermentation characteristics of the rumen has been extensively
evaluated (Elghandour et al., 2015), and is further described below in context of technical effect and
animal safety (Part 6.4 of this notice).
B. fibrisolvens is able to degrade fibrous plant material and ferment polysaccharides (Hespell, Wolf, and
Bothast 1987). Supplementation of dietary fibrolytic enzymes could improve DMI and milk production
has also been reported (Rode et al., 1999). As a commensal microorganism, feeding B. fibrisolvens would
have no impacts on animal health. Should B. fibrisolvens not degrade fibrous plant material and ferment
polysaccharides, there would be no safety impact, as the other rumen microorganism will continue
fermentation, and the feed was formulated to assure nutrient requirements were met without
consideration of the potential for increased digestion of feed.
2.5.1

****This Section Has Been Removed***

2.5.2 Rumen Microbiome
The most recent authoritative text on the nutrition of major ruminants (NRC, 2016), states that the
rumen is a “complex dynamic anaerobic ecosystem.” The dynamics of the microbial community arises
from variability introduced by feed source, the environment, and physiological state impacts the
microbiome (Xue et al. 2018). Experts (NRC, 2016) note that diurnal shifts of a full pH unit are not
uncommon, and this can significantly impact the microbial population. The rumen microbial population
is well adapted to these standard diurnal shifts in the rumen environment and continue to serve the
function of digestion of feed despite these changes (NRC, 2016). This ability to rapidly adapt is due in

part to the rumen microbiome’s ability to utilize specialized enzymes and enzyme complexes to convert
feed components to end products of digestion and microbial cells (NRC, 2016). It is this specific
understanding that Native Microbials uses in their identification of existing, commensal microorganisms
in the rumen of high producing ruminants. Particularly, understanding of their unique enzymatic
properties and physiology support the selection and use of them as DFMs.
Several studies have linked the rumen microbiome profile to animal performance and digestibility (Lima
et al. 2015; Jami et al. 2013; Kumar et al. 2015). The rumen microbiome is highly variable depending on
several factors including age, breed, diet composition, time after feeding, season, stage of lactation,
location, and farm management practices (Pitta et al. 2016; Furman et al. 2020; Henderson et al. 2015).
Additionally, there are groups of microorganisms that are unique to particular breeds of cow (i.e., Jersey
or Holstein), regions, and individual animals that further increase the inherent complexity of the
microbial community native to the rumen. Diet, in particular, has been shown to be the main driver of
microbiome composition (Ghaffari et al. 2014). To better study the microbiome in context of this
variability, many studies have focused on identifying and characterizing the core rumen microbiome
(Petri et al. 2013; Xue et al. 2018; Henderson et al. 2015; Furman et al. 2020; Kumar et al. 2015; Jami et
al. 2013; Lima et al. 2015; Fouts et al. 2012). The concept of core microbiome, a common assemblage of
microorganisms that exists in or is associated with a specific habitat, was first introduced and applied to
differentiate human microbiomes associated with healthy and diseased conditions (Turnbaugh et al.
2009; Turnbaugh and Gordon 2009; Turnbaugh et al. 2007). Since then, core microbiomes have been
identified in a broad spectrum of environments including agroecosystems, monogastric animals, and
ruminants (Shade and Handelsman 2012; Yeoh et al. 2017; Toju et al. 2018; B. A. Lowe et al. 2012;
Dougal et al. 2013).
There is a core microbiome that appears in the majority of dairy cows that provides the basal level of
fermentation required for animal survival. Although the results are variable at times and defining a
“normal healthy'' rumen is challenging, there are several phyla that tend to appear across all ruminants.
Henderson et al. (2015) reported 32 different species of ruminants globally shared a core assembly of
rumen bacteria. Xue et al. (2018) demonstrates that individual animals within a large cohort of dairy
cattle with similar genetics, diet, environment, and management can have significant differences in their
rumen microbiome species. The core microbiome identified included microorganisms from over 391
genera covering 26 phyla. The microorganisms unique to individual animals (termed “pan microbiome”)
along with the core microbiome dictated the variability in rumen fermentation and production.
Consistent with other studies (Jami et al. 2013; Jami and Mizrahi 2012; Lima et al. 2015; Deusch et al.
2017; Huws et al. 2018; Xue et al. 2018), members of Bacteroidetes, Firmicutes, Proteobacteria, and
Fibrobacteres were among the topmost abundant bacteria identified regardless of animal origin and
diet.
As more rumen microbiomes were studied, it became clear that diet was the major determinant of
observed microbiome differences (Johnson and Johnson 1995; Brulc et al. 2009; Carberry et al. 2014;
Deusch et al. 2017; Alejandro Belanche et al. 2019; Kumar et al. 2015; Mizrahi and Jami 2018). This
indicates the direct impact of diet on rumen microbial populations. Hence, modifying either diet or
microbiome could influence the rumen fermentation process (Moraïs and Mizrahi 2019; Furman et al.
2020; A. Belanche et al. 2012). B. fibrisolvens has been fed to ruminants as well as monograstrics. In
ruminants, B. fibrisolvens has been administered to goats, increasing the amount of CLA present in their
rumens and milk (Shivani et al. 2016). These authors found that supplementation of B. fibrisolvens

favorably altered the fatty acid composition of the milk, and reported no adverse health effects on the
goats. This species has also been administered to cattle as a test of ruminal colonization alongside
several other bacteria (Klieve et al. 2003). This study actively supplemented cattle being fed a high-grain
diet with B. fibrisolvens and two other bacteria, and while the authors were not able to establish a new
population of B. fibrisolvens in the rumen, the authors did note that most of the cattle adjusted
unexpectedly quickly to the high-grain diet and no negative health effects relating to microbial
supplementation were reported. Furthermore, B. fibrisolvens has been utilized as a probiotic in mice,
being analyzed for its CLA production (Fukuda et al. 2006) and potential for tumor reduction (Ohkawara
et al. 2007) Both studies reported that B. fibrisolvens had positive impacts on the health of the mice in
the studies and reported no adverse health effects of administration. A strain has also been tested as an
aspect of a dietary study in rats to increase intestinal production of short-chain volatile fatty acids
(Nielsen et al. 2016). Similarly, this study also did not report any adverse health impacts of B. fibrisolvens.
Although this species is not commercially available and has not seen widespread application in feed,
academic and scientific research has shown that there are no adverse effects when B. fibrisolvens is fed
to animals, thus it is unlikely that this organism is dramatically altering rumen fermentation processes.
The intent of feeding DFMs, particularly B. fibrisolvens ASCUSDY19, is to improve the nutrient availability
from feed. Feeding B. fibrisolvens ASCUSDY19 to dairy cattle supplements the existing populations of B.
fibrisolvens ASCUSDY19 in the rumen, and ultimately provides additional nutrient availability to the
animal. Should B. fibrisolvens ASCUSDY19 fail, other members of the existing rumen microbiome will
continue to ferment feed, thus supplying the animal with sufficient nutrients. This notice includes a more
detailed discussion of the core microbiome and microbiome safety in Part 6.4 of this GRAS notice.
2.5.2

Impact of Failure of the Notified Substance

If this product fails, that is, the product fails to ƐƵƉƉŽƌƚ feed digestibility in the rumen, there would not
be a safety concern with respect to the animal’s health or nutrition. The notified substance ƐƵƉƉŽƌƚƐ the
digestion of carbohydrates by acting upon the existing feed within the rumen. The diet offered to
the animal would be formulated to meet the existing nutritional needs of the animal (NRC, 2001).
Should B. fibrisolvens ASCUSDY19 fail, other members of the existing rumen microbiome will continue
to ferment feed, thus supplying the animal with sufficient nutrients.

Several published experiments have directly investigated the impacts of DFMs by comparing groups of
animals receiving a “dead” microbial against a variety of treatment conditions. Cunha, et al. (2019)
compared heifers fed a basal diet against heifers fed the same basal diet containing a live yeast or
inactive yeast supplement (2 different doses) in a 5x5 Latin square experimental design with 15-day
periods. Live and dead yeasts were administered to the appropriate animals after each feeding through
infusion directly into the rumen. No differences in digestibility were observed between the control, live
yeast, or either of the inactive yeast doses. No differences were observed in feed intake nor animal
behavior. Hence the inactive yeast did not alter the overall digestion of the feed, nor impact the health of
the animals. Feeding inactive yeast did not decrease rumen function.
Muscato, et al. (2002) evaluated the feeding of fresh and inactivated rumen fluid to calves in a series of
four experiments. The animals were dosed daily with 8 mL of either fresh or inactivated rumen fluid
obtained from a cannulated Holstein cow from 0-6 weeks of age. In the first experiment, calves were
either fed a typical basal ration or the same basal ration supplemented with fresh rumen fluid. In the
second experiment, calves were fed the basal ration with either the cell pellet of fresh rumen fluid,

supernatant of fresh rumen fluid, or no addition. In the third experiment, calves were fed a basal ration,
or a basal ration supplemented with autoclaved rumen fluid. Autoclaving rumen fluid ensures microbial
death, thus inactivating the biological component. The fourth experiment had a similar set-up to the
third experiment, but rumen fluid was only fed for 5 days rather than 6 weeks. In the studies that
evaluated autoclaved rumen fluid, the number of days of scouring were significantly decreased
compared to the control. Similarly, the calves receiving autoclaved rumen fluid experienced higher gains
in the first two weeks, but by the end of the experimental period there was no impact on growth. There
were no differences in the outcomes of calves receiving fresh rumen fluid as compared to calves
receiving autoclaved rumen fluid. This study suggests that the feeding of inactivated microorganisms
does not decrease rumen function or create a safety concern when fed to animals.
The contribution of members of Butyrivibrio, specifically, to the fermentation characteristics of the
rumen has been evaluated in the published literature. In ruminants, B. fibrisolvens has been
administered to goats, increasing the amount of CLA present in their rumens and milk (Shivani et al.
2016). These authors found that supplementation of B. fibrisolvens favorably altered the fatty acid
composition of the milk, and reported no adverse health effects on the goats. This species has also been
administered to cattle as a test of ruminal colonization alongside several other bacteria (Klieve et al.
2003). This study actively supplemented cattle being fed a high-grain diet with B. fibrisolvens and two
other bacteria, and while the authors were not able to establish a new population of B. fibrisolvens in
the rumen, the authors did note that most of the cattle adjusted unexpectedly quickly to the high-grain
diet and no negative health effects relating to microbial supplementation were reported.
Philippeau, et al. (2017) fed multiple DFM treatments to investigate the effects of DFM on rumen
fermentation characteristics and digestibility. Animals were assigned one of four treatment groups:
control (CON), Propionibacterium P63 (P63), Propionibacterium P63 and Lactobacillus plantarum 115
(P63+Lp), or Propionibacterium P63 and Lactobacillus rhamnosus 32 (P63+Lr). Each strain was
administered at 1010 cfu/d. No change in ruminal VFA concentration was observed, and only P63 was
found to impact the concentration of some milk fatty acids. pH increased on average 0.18 units in all
DFM groups as compared to the control. Although the study did not demonstrate the positive response
in performance as was expected, there was no negative change in the assessed parameters that may
suggest a decrease in health. Similar results were observed in studies feeding Lactobacillus acidophilus
(Raeth-Knight, Linn, and Jung 2007; Abu-Tarboush, Al-Saiady, and Keir El-Din 1996; Higginbotham and
Bath, 1992; McGilliard and Stallings 1998). In Weiss et al. (2008), dairy cows were supplemented with
Propionibacterium P169 2 weeks before anticipated calving to 119 days in milk. Cows fed
Propionibacterium P169 had lower concentrations of acetate and greater concentrations of propionate
and butyrate compared to control cows. Treatment cows also produced similar amounts of milk with
similar composition as cows fed the control diet and had similar body weights throughout the trial.
Chiquette et al. (2008) fed Prevotella bryantii 25A to dairy cows in early lactation, and found that
administration did not change milk yield, but tended to increase milk fat. This is in alignment with the
increased acetate and butyrate concentrations observed in the rumen of treatment animals. In Chiquette
et al. (2007), Ruminococcus flavefaciens NJ was fed to non-lactating dairy cows on either a high
concentrate or a high forage diet daily. Cows fed R. flavefaciens NJ exhibited improved in sacco
digestibility of hay in the rumen when fed as part of a high concentrate diet. Several experiments have
fed Megasphaera elsdenii with various results on digestibility and performance, but no deleterious
impacts were observed (Aikman et al. 2011; Hagg et al. 2010; Zebeli et al. 2012; Kung and Hession 1995).

A Lactobacillus-based probiotic fed alone and in combination with S. cerevisiae showed no change in
milk production or efficiency in early-lactation dairy cows (Boga and Gorgulu 2007). In a meta-analysis
conducted at INRA, 33 probiotic bacteria studies with or without yeast were evaluated for their impact
on the production and health of dairy and beef cattle (Lettat et al. 2012). Variable performance and
rument impacts were observed, however the study indicated no negative health consequences were
reported. In the studies summarized above, even though the direct fed microbials did not achieve the
performance response expected, there was no indication of a safety concern.
In these examples, failure of DFM supplementation or the DFM itself did not cause any harm to the
fermentation characteristics of the rumen or animal well-being. In the case of B. fibrisolvens ASCUSDY19,
if the DFM failed to provide improved digestibility, rumen fermentation of treated cows would be
identical to rumen fermentation of untreated cows. Since no alterations are made to the standard
feeding regime when using this product, the value of the feed that would be digested and utilized for the
nutrients required to sustain life is identical between the control and treated group. Animals would be
fed rations that meet established nutrient requirements as recommended by the NRC for dairy cattle
(NRC, 2001). Any non-performing B. fibrisolvens ASCUSDY19 or deceased B. fibrisolvens ASCUSDY19
would pass through the GI tract with the normal flow of digesta, providing nutrients for absorption by
the animal (NRC, 2016).
In this respect, based on the results of published comparative studies, B. fibrisolvens ASCUSDY19 will act
only to support normal ruminal function of digestion of animal feed. Like other DFMs, while B.
fibrisolvens ASCUSDY19 may aid the digestion of feed, the effect is not required for the general
well-being and normal performance of dairy cattle. Thus, the absence of the anticipated effect of B.
fibrisolvens ASCUSDY19 on feed digestion by dairy cattle would not have an impact on safety. Native
Microbials product labeling does not suggest a change in normal feeding regime, and its use would be
specific for gaining additional nutritional value from a typical balanced ration. Animals would continue to
be fed rations that meet established nutrient requirements as recommended by the NRC for dairy cattle
(NRC, 2001).
2.5.3

Summary

In summary it is Native Microbials’ understanding that the regulatory hurdle provided in §570.230(d), is
not applicable to the conclusion of the generally recognized as safe substance B. fibrisolvens
ASCUSDY19, that is “failure” of the intended use will not raise a safety concern, as the intended use is to
provide increased nutritive value from nutritionally adequate feeds. As such, failure would result in
typical nutrient availability of the diets, as they have been formulated to meet the nutritional
requirements of the animal. Should B. fibrisolvens ASCUSDY19 fail, other members of the existing rumen
microbiome will continue to ferment feed, thus supplying the animal with sufficient nutrients. Therefore,
there is no regulatory requirement to provide specific utility data to support the intended use.
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PART 6 – NARRATIVE
The conclusion that B. fibrisolvens ASCUSDY19, as described herein, is GRAS under the conditions of
intended use as a direct fed microbial in feed for dairy cattle is based on scientific procedures using
product-specific characterization data on the microbial strain together with a body of published
information on the prevalence and potential pathogenicity and toxigenicity of the Butyrivibrio species.
As mentioned in Part 1.3, fat encapsulated B. fibrisolvens ASCUSDY19 will be provided to dairy cattle
either alone or in combination with other direct fed microbials. The strain was isolated from the rumen
content of a healthy mid-lactation Holstein cow and is intended as a source of commensal
microorganisms. In this respect, B. fibrisolvens ASCUSDY19 will contribute to the native microbial
population in the rumen and the functionality of the direct fed microbial strain is considered in Part 6.1.
The safety of B. fibrisolvens ASCUSDY19 for use as a direct fed microbial for dairy cattle is evaluated using
several different pieces of data regarding strain characterization and the evaluation of its pathogenic and
toxigenic potential. In order to understand the pathogenic and toxigenic potential, the microbial strain
must be fully characterized and the body of knowledge pertaining to safety based on its taxonomic unit
considered. Full details of the characterization of B. fibrisolvens ASCUSDY19 are detailed in Part 2. The
microbial has been unambiguously characterized as B. fibrisolvens (see Part 2.1.4). Furthermore, whole
genome sequence analysis indicates the absence of any genetic element sequences that code for
virulence factors or protein toxins (see Part 2.1.8). Whole genome sequence analysis together with
phenotypic testing indicate that B. fibrisolvens ASCUSDY19 is susceptible to antimicrobials and should
not increase the risk of transfer of resistance to other microorganisms (see Part 2.1.5 and 2.1.6). Testing
also confirms B. fibrisolvens ASCUSDY19 does not produce antimicrobial substances (see Part 2.1.7 and
Appendix 005).
In addition to the characterization data, a body of information is available in the public domain
pertaining to (a) the identity of B. fibrisolvens (see Part 6.2); (b) the history of exposure of the species by
animals and humans (see Parts 6.4 and 6.5); and (c) the potential for toxigenicity and pathogenicity (see
Part 6.6). These data represent another important component of the safety evaluation of B. fibrisolvens
ASCUSDY19 spray dried powder and are summarized below.

6.1

Functionality

The microbial population of the rumen plays an important role in the utilization of feed by dairy cattle.
Manipulation of rumen microbiota by dietary supplementation with sources of viable microorganisms is
common practice in the dairy cattle industry in the U.S. in order to facilitate fermentation and
contribute to the general digestive health of the animal (Yoon and Stern 1995; Chaucheyras-Durand and

context, when cows are fed with a standard diet (at dry matter level: 17% CP, 32% NDF), approximately 5
- 22 mM of ammonia is detected in the rumen (Gustafsson and Palmquist, 1993), amounts ranging from
50 to 220 times higher than amounts that a pure culture of B. fibrisolvens could produce in the presence
of amino acids. Hence, the ammonia produced by B. fribriosolvens would have a negligible impact on the
overall ammonia concentration in the rumen. Meanwhile the liberated amino acids can support ruminal
microbial growth and subsequent VFA production and protein synthesis (Bach, Calsamiglia, and Stern
2005; Argyle and Baldwin 1989; Regueira et al. 2020). Microbial protein synthesis in the rumen accounts
for an estimated 50-80% of all absorbable protein supplied to the small intestine of dairy cows (Storm
and Ørskov 1983; Clark, Klusmeyer, and Cameron 1992)

Taken together, these examples of the potential functionality of B. fibrisolvens in the rumen support the
proposed role of B. fibrisolvens ASCUSDY19 as a source of viable microorganisms in the diet to support
the existing rumen microbiome in the production of VFAs and general colonic health of the animals.
While B. fibrisolvens ASCUSDY19 may contribute to the native population of Butyrivibrio species in the
gut of the animal, the technical function has no bearing on the safety when used as a direct fed microbial
in feed for dairy cattle. Should B. fibrisolvens ASCUSDY19 fail, other members of the existing rumen
microbiome will continue to ferment feed, thus supplying the animal with sufficient nutrients. On this
basis, no further demonstration of the technical effect (utility) of B. fibrisolvens ASCUSDY19 was required
for the safety evaluation (see Part 2.5).
6.2

Identity

The genus Butyrivibrio consists of motile, anaerobic curved rods that gram stain negative, but maintain
gram positive structure. Members of the genus ferment glucose or maltose with butyrate as the major
fermentation product (Anne Willems and Collins 2015). Heterogeneity exists amongst species in regards
to fermentation of additional carbon sources, and fermentation products may differ due to
species-specific metabolism, with some members of the genus favoring the production of lactate,
acetate, or formate (M. Cotta and Forster 2006; Anne Willems and Collins 2015). 16S phylogeny has
placed the genus in the Clostridium XIVa cluster. The genus is polyphyletic, with three distinct lineages
and 12 identified rRNA subtypes (A. Willems, Amat-Marco, and Collins 1996; Anne Willems and Collins
2015; Forster et al. 1996).
B. fibrisolvens was the only species proposed at the time of the genus description, and while diversity
was noted amongst isolates, many were identified as B. fibrisolvens based solely on their morphology
and phenotype (Bryant and Small 1956). Due to initial phenotype based taxonomic classification, strains
of B. fibrisolvens are more diverse genetically that what is typically seen between strains of a species,
with G+C mol% between 39%-49.2% and 16S rRNA sequence similarity as low as 88% between strains
(Mannarelli 1988; Mannarelli et al. 1991; Forster et al. 1996). As previously noted, the genus Butyrivibrio
is polyphyletic, with species in the genus spread across three phylogenetically distinct clusters. The
species B. fibrisolvens itself is split between two of the three clusters. Butyrivibrio group 1 consists of the
B. fibrisolvens type strain, strains from B. hungatei, and other species from the genus Clostridium. Group
2, also known as the Pseudobutyrivibrio group, consists of species of B. fibrisolvens and species from the
genus Pseudobutyrivibrio. Group 3 consists of B. crossotus and similar species (Anne Willems and Collins
2015).

group. Notably, its companion study observed that B. amyloliquefaciens supplementation did not change
the dairy calf rumen microbiomes significantly, despite confirmation of colonization of the DFM strain in
rumen (Schofield et al. 2018). In another study, Fomenky et al. (2018) compared the rumen digesta
microbiome of pre- (33 days old) and post-weaned calves (96 days old) fed with control diet alone and
control diet supplemented with S. cerevisiae (SCB) or L. acidophilus (LA) (8 per treatment). The study
found that supplementing DFMs did not significantly change the overall rumen microbial community
structure, where the p-values for alpha diversity indices ranged from 0.051 to 0.992 and the p-value for
beta diversity (PERMANOVA) was 0.512. The study also predicted that pathways involved in lipid and
protein metabolism and cellular processes were more abundant in pre-weaned rumen administered
DFMs. Once weaned, no predicted pathways in rumen digesta were significantly different between
control and LA fed animals. Riboflavin metabolism was the only significantly more abundant pathway in
SCB fed animal rumen digesta than control. These studies demonstrated that DFMs could promote
better microbial interactions and improve the overall rumen feed digestibility without significantly
changing microbial community structures.
The rumen bacterial population composition was investigated using internal animal survey experiments
as well as external, peer-reviewed experiments (Appendix 18). Typical ranges of the native bacteria phyla
as well as the abundance of the native population of B. fibrisolvens were identified, demonstrating that
B. fibrisolvens is a ubiquitous constituent of the dairy cow microbiome.
The use of B. fibrisolvens to facilitate the digestion of fibrous plant material and polysaccharides
(Hespell, Wolf, and Bothast 1987) of animal feed within the rumen utilizes enzymes related to amylase,
xylanase, and beta-glucanase. Studies conducted on B. fibrisolvens have revealed the presence and
induction of a collection of xylanases and hemicellulolytic isoenzymes in response to xylan (Sechovcová
et al. 2019; Emerson and Weimer 2017; Lin and Thomson 1991; Hespell, Wolf, and Bothast 1987). The
species has a demonstrated ability to hydrolyze starch through the expression of extracellular and
cell-associated alpha amylase (M. A. Cotta 1992; Rumbak et al. 1991; M. A. Cotta 1988; Ramsay et al.
2006). Furthermore, B. fibrisolvens produces beta-glucanase (Pierre van Rensburg, van Zyl, and Pretorius
1994), and when taken together these fibrolytic enzymes are major factors in the digestion of plant
material (Rode, Yang, and Beauchemin, 1999; Beauchemin et al., 2003). B. fibrisolvens is frequently
found in rumen content globally, across many species of ruminants (Bryant and Small 1956; Lee and
Moore 1959; Brown and Moore 1960; Cheng et al. 1969; Forster et al. 1996; Sundset et al. 2008; Vasta et
al. 2010; Henderson et al. 2015; Anne Willems and Collins 2015) and is also commonly found in
monogastric animals (Moore and Holdeman 1974; Asanuma, Kawato, and Hino 2001; Balamurugan et al.
2009; Mi et al. 2018). B. fibrisolvens is a common commensal rumen microorganism that has been used
previously in non-commercial, research settings as a DFM (see Part 6.5).
Native Microbials conducted a series of experiments in order to obtain a representative sampling of the
rumen microbial community in dairy cows under farm-like conditions in the U.S. The full study report is
provided in Appendix 018. In two general survey experiments, animals were cannulated and sampling
conducted across the different regions of the rumen over a number of days. In all of the experiments,
the typical abundance of B. fibrisolvens specifically, in the rumen of dairy cows was found to vary from
approximately 0.0001% to 1% of the bacterial population. General observations indicated that all
animals were in good health. Taken together, these studies provide corroborative experimental evidence
that B. fibrisolvens is naturally abundant in the rumen of dairy cattle and not associated with any health
concerns.

6.6

Toxigenicity and Pathogenicity

Butyrivibrio species are largely considered to be non-pathogenic commensals and have not commonly
been identified as opportunistic pathogens. The American Type Culture Collection (ATCC) lists B.
fibrisolvens as BSL-1, indicating that it is a low-risk microorganism that poses little to no threat of
infection in healthy humans and animals. DSMZ also classifies B. fibrisolvens as BSL-1.
Butyrivbrio have been cited in a small number of opportunistic infections since the 1970s. The first
suspected infection in animals or humans by Butyrivbrio was reported in a farmer who suffered an eye
injury from barbed wire in a cattle enclosure. Infection of the eye followed the injury, and B. fibrisolvens
was suspected as the causative agent (Wahl 1974). Butyrivbrio like organisms have been isolated from
both liver abscesses and gastrointestinal infections (Chow, Ota, and Guze 1976; Thadepalli et al. 1978;
George et al. 1981). In all the cited cases of suspected Butyrivbrio infection, identification of the
causative organism was based on morphology, metabolism, and antimicrobial susceptibility profiles and
no infections have been confirmed using unambiguous molecular methods.
As noted in Part 2.1.5, the B. fibrisolvens ASCUSDY19 genome assembly contains a chromid. The
presence of plasmids, mega-plasmids, and chromids are common in Butyrivbrio genomes and the
presence of more than two extrachromosomal replicons have been observed in some cases (Palevich et
al. 2017; Yeoman et al. 2011; Teather 1982; Rodríguez Hernáez et al. 2018; Palevich et al. 2019). Plasmids
from B. fibrisolvens are not known to carry pathogenic genes, though a small collection of plasmids from
the species have been characterized with the hope of developing vector systems to transform ruminal
microbes (Anne Willems and Collins 2015; Hefford et al. 1997; Beard et al. 1995). The high rate of
megaplasmids and chromids within the genus is believed to help lend a competitive advantage over
other ruminal organisms by enhancing growth rate and cellular efficiency through copy number increase
of key metabolic genes (Palevich et al. 2019; Morrison 1996), rather than bestow pathogenic ability. This
hypothesis is at least in part supported by the gene composition observed in the only sequenced B.
fibrisolvens chromid, which largely consists of genes which encode for carbohydrate degradation
enzymes many of which are also encoded by the main chromosome (Rodríguez Hernáez et al. 2018).
6.6.1

Summary

Overall, the available information indicates that B. fibrisolvens is a prevalent organism in the
gastrointestinal microbiome of animals, including humans. Few instances of infection have been
attributed to the genus Butyrivbrio or the species B. fibrisolvens and no infections have been
documented since the wide acceptance and implementation of molecular techniques that allow for
unambiguous microbial identification. As indicated in Part 2.1.8, interrogation of the whole genome
sequence of B. fibrisolvens ASCUSDY19 did not reveal the presence of any protein toxins and the single
virulence factor identified is not solely responsible for pathogenicity or virulence.

6.7

Studies in Target Animals

The determination that B. fibrisolvens ASCUSDY19 is GRAS under the intended conditions is based on
product-specific characterization data together with the body of information in the published literature.
The organism is a commensal rumen organism.
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not an oxidizer

Specific Uses of the Substance:
CSL is a mixture of soluble proteins, amino acids, carbohydrates, organic acids (e.g., lactic acid), vitamins,
and minerals. It is used as a nutrient for microorganisms in the production of enzymes, antibiotics, and
other fermentation products. It is sometimes combined with other ingredients in corn gluten feed and
widely used in complete feeds for dairy and beef cattle, poultry, swine, and pet foods. It may also be sold
separately as a liquid protein source for beef or dairy rations.
Approved Legal Uses of the Substance:
The Association of American Feed Control Officials, Inc. (AAFCO) has listed corn step liquor as a livestock
feed ingredient.
The following is quoted directly from the AAFCO homepage.
“The purpose of the corporation shall be to establish and maintain an Association through which officials
of any state, dominion, federal or other governmental agency and employees thereof charged with a
responsibility in enforcing the laws regulating the production, labeling, distribution, or sale of animal feeds
or livestock remedies may unite to explore the problems encountered in administering such laws, to
develop just and equitable standards, definitions and policies to be followed in enforcing such laws, to
promote uniformity in such laws, regulations and enforcement policies, and to cooperate with members of
the industry producing such products in order to promote the effectiveness and usefulness of such
products.”
Action of the Substance:
Corn steep liquor is a byproduct of wet corn milling. Its components are soluble proteins, amino acids,
carbohydrates, organic acids (e.g., lactic acid), vitamins, and minerals. It is sometimes combined with
other ingredients in corn gluten feed and widely used in complete feeds for dairy and beef cattle, poultry,
swine, and pet foods. Some corn steep liquor is used in the production of acetic acid, food acids, and
fermentation processes. Some corn steep liquor is used in the pharmaceutical industry in the production of
intravenous solutions and drugs, most notably antibiotics (penicillin).

Status
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Crop Production

U.S. Environmental Protection Agency
Corn steep liquor is one of 2800 High Production Volume (HPV) chemicals identified on the US
Environmental Protection Agency’s (USEPA) 1990 Toxic Substances Control Act (TSCA) Inventory Update
Rule (IUR). HPV chemicals are those that are manufactured or imported in quantities greater than 1
million pounds per year.
The following information is quoted directly from the USEPA homepage for New Chemicals.
“Under the Toxic Substances Control Act, section 8(b) provides EPA authority to "compile, keep current,
and publish a list of each chemical substance that is manufactured or processed in the United States." TSCA
section 3(2)(A) states that "the term 'chemical substance' means any organic or inorganic substance of a
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Crop Production

particular molecular identity, including - (i) any combination of such substances occurring in whole or in
part as a result of a chemical reaction or occurring in nature, and (ii) any element or uncombined radical."
TSCA does not include chemical substances subject to other US statutes such as foods and food additives,
pesticides, drugs, cosmetics, tobacco, nuclear material, or munitions.”
U.S. Food and Drug Administration
Corn steep liquor is not listed as Generally Recognized as Safe by the FDA (FDA, 2004), but is listed as a
component of a color additive allowed in chicken feed.
The following is directly quoted from 21 CFR Sec. 73.275.
“§ 73.275 Dried algae meal.
(a) Identity. The color additive dried algae meal is a dried mixture of algae cells (genus Spongiococcum,
separated from its culture broth), molasses, cornsteep liquor, and a maximum of 0.3 percent ethoxyquin.
The algae cells are produced by suitable fermentation, under controlled conditions, from a pure culture of
the genus Spongiococcum.
(b) Uses and restrictions. The color additive dried algae meal may be safely used in chicken feed in
accordance with the following prescribed conditions: (1) The color additive is used to enhance
the yellow color of chicken skin and eggs. (2) The quantity of the color additive incorporated in the feed is
such that the finished feed: (i) Is supplemented sufficiently with xanthophyll and associated carotenoids
so as to accomplish the intended effect described in paragraph (b)(1) of this section; and (ii) Meets the
tolerance limitation for ethoxyquin in animal feed prescribed in § 573.380 of this chapter.”
Association of American Feed Control Officials, Inc.
The Association of American Feed Control Officials, Inc has listed corn steep liquor as a livestock feed ingredient.
International:
The European Union permits the use of stillage and stillage extracts as fertilizers and soil conditioners in
organic crop production, however, corn steep liquor is not mentioned specifically (European Union, 2008).
Stillage is defined as the mash from the fermentation of grains after the removal of alcohol by distillation
(Association of American Feed Control Officials, 2005). Maize bran and gluten from wet corn milling are
permitted as feed materials used in livestock production (European Union, 2008). European manufacturers
refer to corn wet milling as maize processing. The processes are the same, which includes the use of sulfur
dioxide.
The Codex Alimentarius permits the use of stillage and stillage extracts as fertilizers and soil conditioners
in organic crop production, however, corn steep liquor is not mentioned specifically (Codex Alimentarius,
2008).
Corn steep liquor is included on the chemical inventory of the Domestic Substances List by the Canadian
government.
Evaluation Questions for Substances to be used in Organic Crop or Livestock Production
Evaluation Question #1: Is the petitioned substance formulated or manufactured by a chemical process?
(From 7 U.S.C. § 6502 (21).)
Corn steep liquor is produced by steeping corn grain in water for up to 48 hours. The soluble components
in the corn are removed because a natural lactic fermentation is taking place during steeping. Sulfur
dioxide is added at rates of 0.1 to 0.2 percent and is used to cleave disulfide linkages, resulting in the
degradation of the corn protein that encapsulates the starch granules. The starch is then released from the
encapsulating material. The steep water containing the corn solubles are concentrated with evaporators to
February 1, 2010
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form corn steep liquor. Corn steep liquor is a mixture of soluble protein, amino acids, carbohydrates,
organic acids (e.g., lactic acid), vitamins, and minerals. The nitrogen fraction is high in free amino acids
and small peptides. In four samples of corn steep water, Hull et al., (1996) found a number of small polypeptides present. Concentrations of poly-peptides generally increased during steeping. In the same study,
Hull et al., (1996) found the amino acids glutamine, leucine, proline, and asparagine at the highest
concentrations. Lower concentrations of lysine, cysteine, and methionine were reported. Concentrations of
amino acids generally increased during steeping. The composition of amino acids in the four corn steep
liquor samples compared characteristically similar to corn albumin, globulin, glutelin, and zein proteins
(Wilson, 1987). Hull et al., (1996) found various non-protein nitrogenous compounds in corn steep water.
Enzymatic activities provided no evidence for proteases during steeping, however, the length of steeping
time (up to 30 hours), coupled with the higher temperature (50 to 55 degrees Centigrade) and the presence
of micro-organisms could contribute to the enhancement of proteolytic activity during steeping (Hull et al.,
1996). Corn steep liquor is very high in phosphorus, potassium, and sulfur (Kalscheur, et al., 2008).
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Evaluation Question #2: Is the petitioned substance formulated or manufactured by a process that
chemically changes the substance extracted from naturally occurring plant, animal, or mineral sources?
(From 7 U.S.C. § 6502 (21).)

Therefore, the chemical composition of corn steep liquor will probably vary and is reflective of the
processing strategy used by a particular manufacturer, depending on which corn component they are
interested in isolating. Factors affecting the composition of CSL are corn hybrid, steeping time,
temperature, and the presence of micro-organisms.
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Corn steep liquor is derived from corn which is a naturally occurring plant. Clean corn is steeped in warm
water containing small amounts of sulfur dioxide. Soaking softens the kernels and the dilute sulfurous
acid formed when the sulfur dioxide reacts with water prevents excessive bacterial growth and loosens the
gluten bonds within the corn and releases the starch. The steep water absorbs the soluble components and
is later evaporated and concentrated to a solid content of about 50%. As mentioned in the response to
Question 1, the chemical composition of corn steep liquor will probably vary and is reflective of the
processing strategy used by a particular manufacturer, depending on which corn component they are
interested in isolating. This is affected by steeping time, temperature reached during the lactic acid
fermentation, and the microbial environment of the fermentation (Hull et al., 1996). These factors will also
likely affect the quality of the fermentation end-products.
Evaluation Question #3: Is the petitioned substance created by naturally occurring biological
processes? (From 7 U.S.C. § 6502 (21).)
Corn steep liquor is not created by a naturally occurring biological process. It is created as a result of a
process designed to separate corn into its four basic components, starch, germ, fiber, and protein in an
aqueous medium. It is a complicated process of chemical and biochemical reactions that, despite the long
history of the wet-milling industry, are still not fully understood. A summary of the process is provided in
evaluation question #1.
Evaluation Question #4: Is there environmental contamination during the petitioned substance’s
manufacture, use, misuse, or disposal? (From 7 U.S.C. § 6518 (m) (3).)
Manufacture
Corn steep liquor, itself, should not cause any environmental contamination, because the material is
approximately 50% water and the soluble proteins, amino acids, carbohydrates, organic acids (e.g., lactic
acid), vitamins, and minerals would be readily metabolized and utilized by micro-organisms. The sulfur
dioxide added to the fermented material to cleave the disulfide linkages may need to be vented to the
atmosphere. However, the wet corn milling process that generates corn steep liquor may have some issues
February 1, 2010
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of concern related to environmental contamination. The wet milling process is designed to separate the
corn into its components, starch, germ, protein (gluten) and fiber and convert them into higher value
products such as starch, high fructose corn syrup, corn oil, ethanol, bran, gluten feed, and meal. It is the
making of the high value products that result in the generation of millions of pounds of waste at wet corn
milling plants annually. If the waste is not managed properly it will stress the environment. The USEPA
has funded a pilot project to assist small and medium-size manufacturers who want to minimize their
generation of waste but who lack the expertise to do so. For more information see:
http://www.p2pays.org/ref/02/01481.pdf.
Corn dust produced during the handling and cleaning processes could be a safety hazard, due to the fact
that the corn dust is explosive. The organic materials used to extract the corn oil from the germ may be a
concern, due to accidental spills and the release of volatile organic compounds. There are no reported
incidences on environmental contamination due to the production of corn steep liquor.
Evaluation Question #5: Is the petitioned substance harmful to the environment? (From 7 U.S.C. § 6517
(c) (1) (A) (i) and 7 U.S.C. § 6517 (c) (2) (A) (i).)
Corn steep liquor, itself, should not cause any environmental contamination, because the material is
approximately 50% water and the soluble proteins, amino acids, carbohydrates, organic acids (e.g., lactic
acid), vitamins, and minerals would be readily metabolized and utilized by micro-organisms. Corn steep
liquor could be used in crop production to add organic matter and other nutrients to the soil, however,
there are probably other materials (animal manures) that are more cost effective. Corn steep liquor is used
in the diets of ruminants (Kalscheur et al., 2008).
Evaluation Question #6: Is there potential for the petitioned substance to cause chemical interaction
with other substances used in organic crop or livestock production? (From 7 U.S.C. § 6518 (m) (1).)
The water, soluble proteins, amino acids, carbohydrates, organic acids (e.g., lactic acid), vitamins, and
minerals in corn steep liquor would be readily metabolized and utilized by microorganisms. Corn steep
liquor should not interact chemically with other substances used in organic crop or livestock production.
Evaluation Question #7: Are there adverse biological or chemical interactions in the agro-ecosystem by
using the petitioned substance? (From 7 U.S.C. § 6518 (m) (5).)
Corn steep liquor should not cause any adverse biological or chemical interactions in the agro-ecosystem.
The release of lactic acid, which comprises 10 to 25% of corn steep liquor, to the environment, may be an
issue, if large quantities were released to the environment. However, this would not be expected since the
production of corn steep liquor is performed by a controlled process. Any lactic acid released to the
environment would be readily metabolized and utilized as an energy source by micro-organisms,
therefore, it should have little to no long-term impact on the agro-ecosystem.
Evaluation Question #8: Are there detrimental physiological effects on soil, organisms, crops, or
livestock by using the petitioned substance? (From 7 U.S.C. § 6518 (m) (5).)
There is no information available to indicate that using corn steep liquor has detrimental physiological
effects on soil, organisms, crops, or livestock. Because it is rich in nutrients, it can be applied to soils as a
fertilizer or soil conditioner and it has been successfully fed to livestock for many years (Kalscheur et al.,
2008).
Evaluation Question #9: Is there a toxic or other adverse action of the petitioned substance or its
breakdown products? (From 7 U.S.C. § 6518 (m) (2).)
Corn steep liquor should not have any toxic or other adverse actions. The components of corn steep liquor
are readily metabolized and utilized by micro-organisms as an energy source. Because corn steep liquor is
a nutrient source, algal growth is possible, if corn steep liquor reaches bodies of water in concentrated
February 1, 2010
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form. However, the manufacturing of corn steep liquor is a controlled process and given the current uses
of corn steep liquor, one would not expect large quantities of corn steep liquor being released to bodies of
water.
Hull et al., (1996) analyzed four different corn steep waters for chemical composition. When analyzed for
heavy metals, iron was the most prevalent heavy metal present in corn steep water. Chromium and
cadmium were not detected in the four samples. Copper and nickel were detected at levels approximately
5 to 10% of that of iron (1.6 mg/L or less). Lead was detected in one sample (36 ug/L).
Evaluation Question #10: Is there undesirable persistence or concentration of the petitioned substance
or its breakdown products in the environment? (From 7 U.S.C. § 6518 (m) (2).)
The components of corn steep liquor are readily metabolized and utilized by micro-organisms as energy
sources, therefore, corn steep liquor would not persist and concentrate in the natural environment.
Evaluation Question #11: Is there any harmful effect on human health by using the petitioned
substance? (From 7 U.S.C. § 6517 (c) (1) (A) (i), 7 U.S.C. § 6517 (c) (2) (A) (i) and), 7 U.S.C. § 6518 (m) (4).)
Corn steep liquor has no harmful effects on human health. The components of corn steep liquor are used
as ingredients in foods for human consumption (proteins, amino acids, carbohydrates, vitamins, and
minerals). Corn steep liquor has been successfully fed to livestock for many years (Kalscheur et al., 2008)
without any adverse effects on human health.
Individuals who handle corn steep liquor should wear gloves, protective clothing, and protective eyeware.
Evaluation Question #12: Is there a wholly natural product that could be substituted for the petitioned
substance? (From 7 U.S.C. § 6517 (c) (1) (A) (ii).)
In the case of adding organic matter to soils for crop production, composted and raw manures could be
used depending on the crop being grown, time of harvest, and whether the crop will be used for human
consumption (Organic Materials Review Institute, 2007). For adding inorganic nutrients to soils,
unprocessed mined materials could be used (Organic Materials Review Institute, 2007).
In the case of supplementing livestock feeds with vitamins and minerals, natural vitamin supplements and
non-synthetic minerals, respectively, can be used (Organic Materials Review Institute, 2007).
Wet corn milling is defined as corn steeped in water with or without sulfur dioxide to soften the kernel in
order to facilitate the separation of the various component parts (Association of American Feed Control
Officials, 2005). Therefore, the wet corn milling could be conducted without sulfur dioxide, the lactic acid
fermentation and the subsequent separation of the corn components (including natural drying to
concentrate the soluble materials in the liquid portion) may be another method of processing the corn.
This may be an alternative to adding sulfur dioxide after the lactic acid fermentation and the concentrating
of the corn steep liquor with evaporators. However, the quantities and quality of the end-products may be
different.
In the case of organic crop production, corn steep liquor would be used in very few, if any, products on the
National List of Allowed and Prohibited Substances. As in (7 CFR 206.601), herbicides (soap-based) for
use in farm stead maintenance and ornamental crops would be a mixture of either calcium or sodium fatty
acids and corn steep liquor should not be used in their manufacture. However, in the case of organic
livestock production, trace mineral and vitamin supplements are allowed for enrichment or fortification
when FDA approved. If feed ingredient manufacturers use corn steep liquor to produce trace mineral and
vitamin supplements, this would be a significant use of corn steep liquor in organic livestock production.
Evaluation Question #13: Are there other already allowed substances that could be substituted for the
petitioned substance? (From 7 U.S.C. § 6517 (m) (6).)
February 1, 2010
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As alternatives, organic crop producers could use synthetic substances that are already allowed in organic
crop production to amend soils listed in 7 CFR 205.601. They include: 1) elemental sulfur; 2) magnesium
sulfate; 3) soluble boron products; 4) sulfates, carbonates, oxides, or silicates of zinc, copper, iron,
manganese, molybdenum, selenium, and cobalt; and 5) vitamins B1, C, and E. Depending on the crop of
interest and the micro-nutrient that is in deficiency, some decision would have to be made about which one
would be the most appropriate to use.
As alternatives, organic livestock producers could use synthetic substances that are already allowed in
organic livestock production to maintain productive and healthy animals listed in 7 CFR 205.603. They
include the following feed additives: 1) magnesium sulfate; 2) trace minerals (used for enrichment or
fortification when approved by the FDA); and 3) vitamins (used for enrichment or fortification when
approved by the FDA). Depending on the livestock species and the micro-nutrient or vitamin that is in
deficiency, some decision would have to be made about which one would be the most appropriate to use.
In both cases (crop production and livestock production), the conditions for using materials on the
National List of Synthetic Substances must be documented in the organic farming system plan.

Evaluation Question #14: Are there alternative practices that would make the use of the petitioned
substance unnecessary? (From 7 U.S.C. § 6517 (m) (6).)
As found in 7 CFR 205.205, organic crop producers must implement a crop rotation including but not
limited to sod, cover crops, green manure crops, and catch crops that provides for maintaining and
improving soil organic matter content and managing deficient or excess plant nutrients. More specifically
7 CFR 205.203 states that organic crop producers: 1) must select and implement tillage and cultivation
practices that maintain or improve the physical, chemical, and biological condition of soil and minimize
erosion; 2) must manage crop nutrients and soil fertility through rotations, cover crops, and the application
of plant and animal materials; and 3) must manage plant and animal materials to maintain or improve soil
organic matter content in a manner that does not contribute to contamination of crops, soil, or water by
plant nutrients, pathogenic organisms, heavy metals, or residues of prohibited substances. When these
practices prove insufficient to prevent deficient or excess nutrients in soils or plants, a substance on the
National List of Synthetic Substances allowed for use in organic crop production (7 CFR 205.601) may be
applied to maintain adequate nutrients for plant productivity and health (see the information in response
to Question13). .
As found in 7 CFR 205.237, organic livestock producers must provide livestock with a total feed ration
composed of agricultural products, including pasture and forage, that are organically produced and if
applicable, organically handled. Non-synthetic substances and synthetic substances allowed in 7 CFR
205.603 may be used as feed additives and supplements (see the information in response to Question 13).
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2.2

Regulatory Status in Animal Feed in Canada

Monopotassium phosphate is permitted for use in animal feed as in Canada as a Class 6 – Mineral
Product under Schedule IV, Part I of the Feed Regulations (1983). The substance must be labelled with
guarantees for minimum percent potassium, minimum percent phosphorus and maximum milligrams
fluorine, arsenic and iron per kilogram
2.3

Regulatory Status in Animal Feed in the European Union (EU)

Monopotassium phosphate is a recognized feed material in the EU and listed in the Feed Materials
Catalogue laid down under Commission Regulation (EU) No 68/2013 (European Commission, 2013). The
substance must be labelled with total phosphorus, potassium and, where greater than 10%, the content
of phosphorus insoluble in citric acid.
2.4

Regulatory Status in Human Food in the U.S.

Monopotassium phosphate is generally recognized as safe as a food additive in frozen eggs at levels of
less than 0.5% in accordance with 21 CFR §160.110.
3.

SAFETY EVALUATION FOR TARGET ANIMALS

3.1

History of Use

As mentioned in Section 2, monopotassium phosphate has a long and established history of use as a
mineral substance for use in animal feed in Canada and the EU. The levels of monopotassium
phosphate as a source of phosphorus in feed is expected to be higher than the residues arising from
carry-over of the fermentation process in DFM products. On this basis, the history of safe use of
monopotassium phosphate in Canada and the EU for use in animal feed supports the suitability of the
additive for use as a raw material in the fermentation of microbial strains by Native Microbials.
3.2

Natural Occurrence

Potassium is present in most feedstuffs with the highest levels typically reported in protein sources such
as soybean meal. Thus, deficiencies in animals, particularly non ruminants are rare (NRC, 2005). Where
diets contain high levels of industrial by-products such as brewer’s grains or corn gluten,
supplementation can be required.
Likewise, phosphates are widely available from the feed, with oilseed meals and other plant-based
materials, mineral feeds, and meat and marine animal feeds serving as major sources in the diet of
animals. Availability of phosphorus from the diet can vary with the source and is generally taken into
account in the formulation of livestock diets (NRC, 2005).
It is reasonable to assume that these background sources will provide potassium and phosphorus as
significantly higher levels in the diet of poultry and cattle than will be carried over from the use as a
fermentation aid in the production of microbial strains by Native Microbials.
3.3

Metabolic Fate

On ingestion by animals, monopotassium phosphate will dissociate to the respective potassium,
hydrogen and phosphate ions. Equivalent behaviour in the gastrointestinal tract is observed on
ingestion
Native Microbials, Inc.
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of related salts such as mono- and di-sodium phosphate and dipotassium phosphate. Thus, the use of
monopotassium phosphate will result in exposure by animals to ions commonly consumed in animal
feed. On this basis, the available safety data on sodium, calcium and ammonium phosphate salts as well
as dipotassium phosphate may be extrapolated to support the safety of monopotassium phosphate (see
Section 3.3 and 3.4).
3.4

Mineral Tolerances

Both potassium and phosphorus are required nutrients for poultry and cattle and are considered by the
National Research Council (NRC) to be of medium concern for animal health. The NRC has set maximum
tolerable levels for potassium of 1% in the diet of poultry and cattle on a dry matter basis, and for
phosphorus of 1% for growing birds, 0.8% for laying hens and 0.7% for cattle on a dry matter basis (NRC,
2005). Any carry-over in the diet of monopotassium phosphate from the production of microbial strains
for use as DFM products will contribute to the levels of these minerals in the feed but the overall impact
on the daily intakes by animals is expected to be very low.
3.5

Evaluations by Scientific Bodies

3.5.1

JECFA Evaluation

The Joint FAO/WHO Committee on Food Additives (JECFA) has evaluated the safety of phosphoric acid
and phosphate salts as a group, including within the scope of the review, mono-, di- and tri-potassium
phosphate (JECFA, 1982). In the latest evaluation conducted in 1982, JECFA concluded that:
“Metabolically, the phosphate salts provide a source of the various cations and phosphate ion. Of the
greatest concern is the toxicity arising from calcium, magnesium and phosphate imbalance in the diet.
Phosphate salts were not mutagenic in a number of test systems. Teratogenic effects have not been
observed in mammalian test systems.
Numerous animal studies have shown that excessive dietary phosphorus causes an increase of plasma
phosphorus and a decrease in serum calcium. The resulting hypocalcaemia stimulates excretion of PTH
which in turn increases the rate of bone resorption and decreases calcium excretion. These homeostatic
adjustment to high dietary phosphorus may result in bone loss and calcification of soft tissues in animals.
The dose levels of phosphate producing nephrocalcinosis were not consistent among the various rat
feeding studies. However, the rat is exquisitely susceptible to calcification and hydronephrosis upon
exposure to acids forming calcium chelates or complexes. The lowest dose levels that produce
nephrocalcinosis overlap the higher dose levels failing to do so. However, this may be related to other
dietary imbalances, such as the level of magnesium in the diet. There is still uncertainty on the optimal
Ca:P ratio and whether this ratio is of any dietary significance in man.
The lowest level of phosphate that produced nephrocalcinosis in the rat (1% P in the diet) is used as the
basis for the evaluation and, by extrapolation based on the daily food intake of 2800 calories, this gives
a dose level of 6600 mg P per day as the best estimate of the lowest level that might conceivably cause
nephrocalcinosis in man. The usual calculation for provision of a margin of safety is probably not
suitable for food additives which are also nutrients. Ingested phosphates from natural sources should be
considered together with that from food additive sources. Since phosphorus (as phosphates) is an

Native Microbials, Inc.
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essential nutrient and an unavoidable constituent of food, it is not feasible or appropriate to give a range
of values from zero to maximum.”
On the basis of the above, the maximum tolerable daily intake for man was estimated to be 70 mg/kg
body weight.
3.5.2

SCF Evaluation

The Scientific Committee on Food (SCF) in the European Union (EU) evaluated the group of phosphate
salts used as food additives in 1990 and agreed with the JECFA estimate of 70 mg/kg body weight for
man, calculated as phosphorus (SCF, 1990).
3.5.3

Summary

Taken together the body of available data indicate that the safety of monopotassium phosphate can be
considered from the available data on phosphoric acid and phosphate, which have been previously
evaluated by JECFA and the SCF for use as food additives. These evaluations highlighted the role of
phosphate salts to provide a metabolic source of cations and the phosphate ion. Safety was primarily
based on the absence of any genotoxicity and the requirement to provide nutritionally balanced levels in
the diet which do not exceed the maximum that can be tolerated by the body.

(b) (4)

4.

EXPOSURE ANALYSIS

5.

SUMMARY AND CONCLUSIONS

Monopotassium phosphate has an established history of safe use as a mineral substance for use in
animal feed in Canada and in the EU. On ingestion by poultry or cattle, monopotassium phosphate will
dissociate into the potassium, hydrogen and phosphate ions. For this reason, and consistent with the
evaluations of the additive for use in food by JECFA and the SCF, the safety can be primarily derived
from the body of available data on phosphoric acid and phosphate salts. Potassium and phosphate are
both essential nutrients for animals and present naturally in the feed as well as being added in the form
of supplemental salts. The carry-over of potassium and phosphate from its use as a monopotassium salt
in the fermentation of microbial strains for use as DFMs in poultry and cattle feed is shown in the
example above to make insignificant contribution to the levels present in the diet from natural and
supplemental sources.
Together, it is concluded that there are no safety concerns associated with the use of
monopotassium phosphate by Native Microbials as a fermentation aid under the conditions of
Native Microbials, Inc.
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intended use.
6.
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We are confident that these clarifications are suitable for the FDA’s continued evaluation of
ASCUSDY19, AGRN#42 and are happy to respond to any further questions.
Sincerely,

Kristi
Smedley

Digitally signed by Kristi Smedley
DN: cn=Kristi Smedley, o=Center
for Regulatory Services, Inc., ou,
email=smedley@cfr-services.com,
c=US
Date: 2022.01.11 17:52:58 -05'00'

Kristi O. Smedley, Ph.D.
Consultant to Native Microbials, Inc.

Cc: Mallory Embree, Native Microbials, Inc.
ATTACHMENTS:
Updated Confidential Detailed Manufacturing Summary of Fat Encapsulated Butyrivibrio fibrisolvens
ASCUSDY19
Amended Section 2.1.4 through 2.1.9 and 2.5

similar site-directed recombinases. The search returned 134,507 unique protein hits between diverse
taxa including pathogenic and non-pathogenic species. Alignment of the recombinase protein identified
in the B. fibrisolvens ASCUSDY19 genome yielded hits in pathogenic Streptococci and in non pathogenic
commensals alike, suggesting that the recombinase does not solely cause pathogenicity or virulence.
Results for these analyses can be found in Tables 2.13 to 2.17.
Lower cutoff threshold alignments to curated clostridial toxin databases from VFDB and DBETH yielded 2
and 10 hits respectively. One protein match was identified by both databases, making for a total of 11
unique protein hits between the two databases. Each putative protein toxin identified by the database
search was then subjected to a BLASTp search to the NCBI database as means to compare annotations
and assess the distribution of the protein globally. Full results can be found in tables 2.18 and 2.20. The
11 unique protein alignments can be summarized as follows:
●

All 11 potential toxins identified more closely matched proteins from non-pathogenic B.
fibrisolvens than to the sequences from the toxin database (table 2.20). Of the 11 proteins only 1
has an annotated function by NCBI that matches its annotated function in the toxin database.
This protein is a putative RNA methyltransferase. The other 10 proteins matched more closely to
proteins with annotated functions that are not related to toxicity. Additionally, 1 protein has an
annotated function by NCBI as hemolysin family protein (HlyC/CorC transporter family protein)
and warrants further examination.

●

The single protein which had match functional annotations in both the VFDB toxin database and
NCBI encodes for a RNA methyltransferase (TlyA). The protein from B. fibrisolvens ASCUSDY19
matches a RNA methyltransferase in pathogenic Clostridium at 63.6%. Methylation of rRNA is a
ubiquitous bacterial cellular process and in some cases differing patterns of methylation
between clades can be used for phylogenetic reconstruction (Khaitovich and Mankin 2000;
Green and Noller 1996; Liu and Douthwaite 2002). In some cases strain specific patterns of rRNA
methylation has been demonstrated to impart antimicrobial resistance and enhance virulence
and pathogenicity (Doi and Arakawa 2007; Sałamaszyńska-Guz et al. 2020; Rahman et al. 2015;
Monshupanee 2013; Lata, Paul, and Chattopadhyay 2014). The rRNA methylase homolog in
question more closely matches rRNA methylases from non-pathogenic B. fibrisolvens than any
feature from pathogenic species.

●

The hemolysin family protein (HlyC/CorC family transporter) in question shares 31.9% identity
with a modulator of ion transport in pathogenic C. botulinum. HlyC/CorC domain (pfam
PF03471) proteins play an essential role in magnesium and cobalt transport as well as potentially
playing a role in modulating the transport of other ions (Harris, Odzer, and Breaker 2019; Huang
et al. 2021)The domain is widely distributed across proteins of differing function throughout the
phylum Firmicutes. The pfam database has 2,145 entries for HlyC/CorC domain proteins in 999
species in the phylum Firmicutes. While the protein identified in the B. fibrisolvens contains this
domain there is no evidence to suggest it engages in hemolytic activity. In fact, importantly, the
protein is 99.6% identical with a 100% coverage to proteins in non pathogenic B. fibrisolvens.

Amended Section 2.5
2.5

Effect of the Notified Substance

This portion of the notice addresses the requirements specified in 21 CFR 570.230(d):
(d) When necessary to demonstrate safety, relevant data and information bearing on the
physical or other technical effect the notified substance is intended to produce, including the
quantity of the notified substance required to produce such effect.
The GRAS Final Rule (81 FR 54960) provides interpretation of this regulation specific to animal feed
ingredients in response to comment 144: “We agree that data and information bearing on the physical or
other technical effect the notified substance is intended to produce are only necessary when they bear
on safety.” A product like phytase would require data, however, the intended purpose of
supplementation of B. fibrisolvens ASCUSDY19 is to support normal rumen digestion. As described
below, Native Microbials has determined that the technical effect of B. fibrisolvens ASCUSDY19 when fed
to dairy cattle as a direct fed microbial under the conditions of intended use does not have a bearing on
safety. Thus, data and information demonstrating the intended effect of B. fibrisolvens ASCUSDY19 in the
feed of dairy cattle are not required as part of this GRAS notice.
The use of this organism is to facilitate the digestion of degraded fibrous plant material and ferments
polysaccharides (Hespell, Wolf, and Bothast 1987). B. fibrisolvens has been found in rumen and silage
globally (Kameshwar et al., 2019; Avila and Carvaho, 2019; Thi Hoang et al., 2020; Seshadri et al., 2018)
and has been assessed as a probiotic for monogastric animals (Vanbelle et al., 1990; Prosekov et al.,
2015). The contribution of DFMs to the fermentation characteristics of the rumen has been extensively
evaluated (Elghandour et al., 2015), and is further described below in context of technical effect and
animal safety (Part 6.4 of this notice).
B. fibrisolvens is able to degrade fibrous plant material and ferment polysaccharides (Hespell, Wolf, and
Bothast 1987). Supplementation of dietary fibrolytic enzymes could improve DMI and milk production
has also been reported (Rode et al., 1999). As a commensal microorganism, feeding B. fibrisolvens would
have no impacts on animal health. Should B. fibrisolvens not degrade fibrous plant material and ferment
polysaccharides, there would be no safety impact, as the other rumen microorganism will continue
fermentation, and the feed was formulated to assure nutrient requirements were met without
consideration of the potential for increased digestion of feed.
2.5.1

****This Section Has Been Removed***

2.5.2

Impact of Failure of the Notified Substance

If this product fails, that is, the product fails to enhance feed digestibility in the rumen, there would not
be a safety concern with respect to the animal’s health or nutrition. The notified substance increases the
digestion of carbohydrates by acting upon the existing feed within the rumen. The diet offered to the
animal would be formulated to meet the existing nutritional needs of the animal (NRC, 2001). Should B.
fibrisolvens ASCUSDY19 fail, other members of the existing rumen microbiome will continue to ferment
feed, thus supplying the animal with sufficient nutrients.

Several published experiments have directly investigated the impacts of DFMs by comparing groups of
animals receiving a “dead” microbial against a variety of treatment conditions. Cunha, et al. (2019)
compared heifers fed a basal diet against heifers fed the same basal diet containing a live yeast or
inactive yeast supplement (2 different doses) in a 5x5 Latin square experimental design with 15-day
periods. Live and dead yeasts were administered to the appropriate animals after each feeding through
infusion directly into the rumen. No differences in digestibility were observed between the control, live
yeast, or either of the inactive yeast doses. No differences were observed in feed intake nor animal
behavior. Hence the inactive yeast did not alter the overall digestion of the feed, nor impact the health of
the animals. Feeding inactive yeast did not decrease rumen function.
Muscato, et al. (2002) evaluated the feeding of fresh and inactivated rumen fluid to calves in a series of
four experiments. The animals were dosed daily with 8 mL of either fresh or inactivated rumen fluid
obtained from a cannulated Holstein cow from 0-6 weeks of age. In the first experiment, calves were
either fed a typical basal ration or the same basal ration supplemented with fresh rumen fluid. In the
second experiment, calves were fed the basal ration with either the cell pellet of fresh rumen fluid,
supernatant of fresh rumen fluid, or no addition. In the third experiment, calves were fed a basal ration,
or a basal ration supplemented with autoclaved rumen fluid. Autoclaving rumen fluid ensures microbial
death, thus inactivating the biological component. The fourth experiment had a similar set-up to the
third experiment, but rumen fluid was only fed for 5 days rather than 6 weeks. In the studies that
evaluated autoclaved rumen fluid, the number of days of scouring were significantly decreased
compared to the control. Similarly, the calves receiving autoclaved rumen fluid experienced higher gains
in the first two weeks, but by the end of the experimental period there was no impact on growth. There
were no differences in the outcomes of calves receiving fresh rumen fluid as compared to calves
receiving autoclaved rumen fluid. This study suggests that the feeding of inactivated microorganisms
does not decrease rumen function or create a safety concern when fed to animals.
The contribution of members of Butyrivibrio, specifically, to the fermentation characteristics of the
rumen has been evaluated in the published literature. In ruminants, B. fibrisolvens has been
administered to goats, increasing the amount of CLA present in their rumens and milk (Shivani et al.
2016). These authors found that supplementation of B. fibrisolvens favorably altered the fatty acid
composition of the milk, and reported no adverse health effects on the goats. This species has also been
administered to cattle as a test of ruminal colonization alongside several other bacteria (Klieve et al.
2003). This study actively supplemented cattle being fed a high-grain diet with B. fibrisolvens and two
other bacteria, and while the authors were not able to establish a new population of B. fibrisolvens in
the rumen, the authors did note that most of the cattle adjusted unexpectedly quickly to the high-grain
diet and no negative health effects relating to microbial supplementation were reported.
Philippeau, et al. (2017) fed multiple DFM treatments to investigate the effects of DFM on rumen
fermentation characteristics and digestibility. Animals were assigned one of four treatment groups:
control (CON), Propionibacterium P63 (P63), Propionibacterium P63 and Lactobacillus plantarum 115
(P63+Lp), or Propionibacterium P63 and Lactobacillus rhamnosus 32 (P63+Lr). Each strain was
administered at 1010 cfu/d. No change in ruminal VFA concentration was observed, and only P63 was
found to impact the concentration of some milk fatty acids. pH increased on average 0.18 units in all
DFM groups as compared to the control. Although the study did not demonstrate the positive response
in performance as was expected, there was no negative change in the assessed parameters that may
suggest a decrease in health. Similar results were observed in studies feeding Lactobacillus acidophilus

(Raeth-Knight, Linn, and Jung 2007; Abu-Tarboush, Al-Saiady, and Keir El-Din 1996; Higginbotham and
Bath, 1992; McGilliard and Stallings 1998). In Weiss et al. (2008), dairy cows were supplemented with
Propionibacterium P169 2 weeks before anticipated calving to 119 days in milk. Cows fed
Propionibacterium P169 had lower concentrations of acetate and greater concentrations of propionate
and butyrate compared to control cows. Treatment cows also produced similar amounts of milk with
similar composition as cows fed the control diet and had similar body weights throughout the trial.
Chiquette et al. (2008) fed Prevotella bryantii 25A to dairy cows in early lactation, and found that
administration did not change milk yield, but tended to increase milk fat. This is in alignment with the
increased acetate and butyrate concentrations observed in the rumen of treatment animals. In Chiquette
et al. (2007), Ruminococcus flavefaciens NJ was fed to non-lactating dairy cows on either a high
concentrate or a high forage diet daily. Cows fed R. flavefaciens NJ exhibited improved in sacco
digestibility of hay in the rumen when fed as part of a high concentrate diet. Several experiments have
fed Megasphaera elsdenii with various results on digestibility and performance, but no deleterious
impacts were observed (Aikman et al. 2011; Hagg et al. 2010; Zebeli et al. 2012; Kung and Hession 1995).
A Lactobacillus-based probiotic fed alone and in combination with S. cerevisiae showed no change in
milk production or efficiency in early-lactation dairy cows (Boga and Gorgulu 2007). In a meta-analysis
conducted at INRA, 33 probiotic bacteria studies with or without yeast were evaluated for their impact
on the production and health of dairy and beef cattle (Lettat et al. 2012). Variable performance and
rument impacts were observed, however the study indicated no negative health consequences were
reported. In the studies summarized above, even though the direct fed microbials did not achieve the
performance response expected, there was no indication of a safety concern.
In these examples, failure of DFM supplementation or the DFM itself did not cause any harm to the
fermentation characteristics of the rumen or animal well-being. In the case of B. fibrisolvens ASCUSDY19,
if the DFM failed to provide improved digestibility, rumen fermentation of treated cows would be
identical to rumen fermentation of untreated cows. Since no alterations are made to the standard
feeding regime when using this product, the value of the feed that would be digested and utilized for the
nutrients required to sustain life is identical between the control and treated group. Animals would be
fed rations that meet established nutrient requirements as recommended by the NRC for dairy cattle
(NRC, 2001). Any non-performing B. fibrisolvens ASCUSDY19 or deceased B. fibrisolvens ASCUSDY19
would pass through the GI tract with the normal flow of digesta, providing nutrients for absorption by
the animal (NRC, 2016).
In this respect, based on the results of published comparative studies, B. fibrisolvens ASCUSDY19 will act
only to support normal ruminal function of digestion of animal feed. Like other DFMs, while B.
fibrisolvens ASCUSDY19 may aid the digestion of feed, the effect is not required for the general
well-being and normal performance of dairy cattle. Thus, the absence of the anticipated effect of B.
fibrisolvens ASCUSDY19 on feed digestion by dairy cattle would not have an impact on safety. Native
Microbials product labeling does not suggest a change in normal feeding regime, and its use would be
specific for gaining additional nutritional value from a typical balanced ration. Animals would continue to
be fed rations that meet established nutrient requirements as recommended by the NRC for dairy cattle
(NRC, 2001).

2.5.3

Summary

In summary it is Native Microbials’ understanding that the regulatory hurdle provided in §570.230(d), is
not applicable to the conclusion of the generally recognized as safe substance B. fibrisolvens
ASCUSDY19, that is “failure” of the intended use will not raise a safety concern, as the intended use is to
provide increased nutritive value from nutritionally adequate feeds. As such, failure would result in
typical nutrient availability of the diets, as they have been formulated to meet the nutritional
requirements of the animal. Should B. fibrisolvens ASCUSDY19 fail, other members of the existing rumen
microbiome will continue to ferment feed, thus supplying the animal with sufficient nutrients. Therefore,
there is no regulatory requirement to provide specific utility data to support the intended use.
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GRAS Safety Summary and Target Animal Safety for the Direct
Fed Microbial Butyrivibrio fibrisolvens ASCUSDY19
Historically, safety assessments of Direct Fed Microbials are dependent on the natural exposure to the
microorganism and information from the open literature that provides known understanding of the safety
of the species. Feeding studies to assess target animal safety are inherently more challenging to interpret
for a live, commensal microorganism sourced from the gastrointestinal ecosystem, as the microorganism
already exists within the ecosystem at a baseline abundance that can vary based on environmental
conditions and natural variability between individual animals. Because of this, the use of typical target
animal safety studies is of limited value. This was discussed in numerous meetings with FDA and is
documented in the FDA notes of those meetings. Recent technological advancements have improved the
ability to accurately de novo sequence and assemble the whole genome of strains of interest. The
accompanying growth of databases that can identify genomic sequences specific to potential
pathogenicity, virulence factors, antimicrobial synthesis, or other hazard identification have assured the
identification of the bacterial strain and its safety at a greater depth with far more confidence than in the
mid-1980s, when the identification of the microorganism was based on phenotypic measures and the
published data was minimal. Together, information derived from deep analysis of the whole genome
accompanied with corroborating in vitro data can substantiate the safety of specific strains of
microorganisms that are known to be common commensals in absence of target animal safety studies.
Specific to GRAS conclusion for Butyrivibrio fibrisolvens ASCUSDY19, as detailed below, Native Microbials
has provided current scientific rigor specific to:
1. Conduct a thorough literature search that provides the basis of the safety assessment
(importantly B. fibrisolvens has been robustly studied and reported on by microbiologists
studying the rumen microbiome)
2. Identify B. fibrisolvens as a common member of the core rumen microbiome of dairy cattle
3. Identify of the strain using genomic methods
4. Thorough evaluation of the closed genome by established and public databases to assess genetic
material for potential pathogenicity, virulence factors, or other hazard identification
5. Corroborate safety by published studies in which ruminants were fed B. fibrisolvens or in Native
Microbials studies in which lactating dairy cows were fed B. fibrisolvens ASCUSDY19.
Based on our detailed understanding of the impact of feeding B. fibrisolvens ASCUSDY19 in dairy cattle,
Native Microbials has met the standard of safety “that there is a reasonable certainty in the minds of
competent scientists that the substance is not harmful under the conditions of its intended use.”

Butyrivibio fibrisolvens is a common member of the core rumen microbiome of lactating dairy
cows
As discussed in Section 6.1 of the main text of the dossier, commensal rumen microorganisms are essential
for maintaining health and nutrition in ruminants. B. fibrisolvens is known to be a rumen commensal, and
it has been shown to perform a wide array of beneficial biochemical functions. This assessment is
supported by the in vitro and in vivo observations of the species as presented in the cited literature in
Section 6.1.
As stated in Section 6.4.1 of the main dossier, B. fibrisolvens is found ubiquitously in dairy cattle and other
ruminants worldwide. This data has been corroborated by survey studies conducted by Native Microbials
as presented in Section 6.4.2 of the main dossier and dossier Appendix 19 (Microbiome Safety for
Butyrivibrio fibrisolvens ASCUSDY19). Both internal and external datasets were utilized to identify the
prevalence and range of abundance of B. fibrisolvens in lactating dairy cows. For external datasets,
sequencing reads from 4 published studies were downloaded and the 16S rRNA sequences were queried
for the B. fibrisolvens ASCUSDY19 16S rRNA sequence. B. fibrisolvens ASCUSDY19 was detected in all 4
datasets, at percent abundances ranging from 0.001%-3.39%. In internal datasets, B. fibrisolvens
ASCUSDY19 was detected in nearly all healthy dairy cow rumen microbiome datasets, at abundances
ranging from ~0.0001%-1%. This evidence suggests that B. fibrisolvens is a common and prevalent
member of the rumen microbiome of lactating dairy cows.

Isolation and Ecology
As presented in Section 2.1.1-2.1.3 of the main text of the dossier, B. fibrisolvens ASCUSDY19 was isolated
from the rumen content of a healthy, mid-lactation Holstein cow rumen obtained via cannula. B.
fibrisolvens is a prominent anaerobic, non-spore-forming, member of the ruminant gut microbiome. In
the rumen the species degrades fibrous plant material and ferments polysaccharides to produce volatile
fatty acids, and potentially plays a role in the biohydrogenation of fatty acids. The species is widely
understood to be a non-pathogenic commensal organism in published literature. As such, The American
Type Culture Collection (ATCC) lists B. fibrisolvens as BSL-1, indicating that it is a low-risk microorganism
that poses little to no threat of infection in healthy humans and animals. The German Collection of
Microorganisms and Cell Cultures (DSMZ) classifies B. fibrisolvens as TRBA Risk Group 1, indicating that
the organism is unlikely to cause disease. The source of isolation (a healthy cow) together with the species
classification by experts in the field (BSL-1) suggests that B. fibrisolvens is a low-risk microorganism that is
unlikely to cause disease in humans and animals.

DNA Sequencing, Genome Assembly, and Identity
Using methods outlined in Section 2.1.4 of the main text of the dossier, 16S rRNA and whole genome
sequencing were employed to unambiguously identify the species. The 16S rRNA sequence from B.
fibrisolvens ASCUSDY19 most closely matched 16S rRNA sequences from other B. fibrisolvens strains. The
16S rRNA alignment between B. fibrisolvens ASCUSDY19 and other B. fibrisolvens strains were well above
the 98.7% sequence identity threshold commonly used to define a species.
Whole genome average nucleotide identity (ANI) was utilized to more thoroughly confirm the identity of
B. fibrisolvens ASCUSDY19. Matches between B. fibrisolvens ASCUSDY19 and other strains of B.
fibrisolvens provided whole genome alignment values above the 95% sequence identity threshold used to

define a species using ANI. It should be noted that the type strain, DSM3071, did not provide a match
above the 95% sequence identity (89%) threshold to B. fibrisolvens ASCUSDY19. This is likely due to the
incomplete genome assembly of the wild type and the more error-prone technologies used to sequence
and construct the DSM3071 assembly, and not due to true biological divergences in taxonomy. The B.
fibrisolvens ASCUSDY19 genome, which is fully closed with no gaps, aligns closely with more complete,
higher quality, and/or more recent assemblies of strains within the species. The assembly providing the
best alignment values by ANI to B. fibrisolvens ASCUSDY19 has been published and the accuracy of the
taxonomic classification has been confirmed by the scientific community. Together, the 16S rRNA and ANI
analyses confirm that B. fibrisolvens ASCUSDY19 has been identified correctly.

In Silico Safety Assessment
The genome assembly for B. fibrisolvens ASCUSDY19 generated in Section 2.1.4 of the main dossier was
used to confirm that it was free of any genomic elements that would cause safety concerns. The assembly
graph of the complete, un-gapped, genome was inspected for the presence of plasmids as detailed in
Section 2.1.5 of the main dossier. The genome is comprised of a main chromosome and a smaller chromid.
As discussed in Section 6.6 of the dossier, chromids are common structural elements found in strains of
B. fibrisolvens. Unlike plasmids, chromids are larger and are comprised largely of housekeeping and
metabolic genes responsible for general cellular function. In contrast to plasmids, chromids do not
contain, or act to transfer, antimicrobial resistance, virulence or pathogenicity factors. No elements
containing features or structures typical of plasmids were observed in the B. fibrisolvens ASCUSDY19
genome sequence, suggesting that B. fibrisolvens has not acquired any pathogenicity or resistance genes
via plasmid transfer from the environment or other microorganisms.
As detailed in Section 2.1.6, B. fibrisolvens ASCUSDY19 was aligned to various databases containing
antimicrobial resistance genes. A single gene for tetracycline resistance, TetW, was found to be encoded
by the genome. Literature review of antimicrobial resistance in Section 2.1.6 revealed that tetracycline
resistance, and specifically the presence of TetW, is widely distributed in the rumen.
To assess genome encoded toxins, pathogenicity, and virulence factors, B. fibrisolvens ASCUSDY19 was
aligned to a collection of databases as detailed in Section 2.1.8. A single feature was identified by the
database alignment: a site-specific recombinase. This recombinase was demonstrated to commonly be
found in pathogenic and non-pathogenic species alike. Additionally, there appears to be no mechanism in
which this element would contribute to virulence or pathogenicity.
Thus, based on a thorough screening of the B. fibrisolvens ASCUSDY19 genome using all applicable and
relevant databases and the current state of the art, nothing of concern was identified suggesting that B.
fibrisolvens ASCUSDY19 is safe for humans and animals.

Safety Based on In Vitro Experiments
Phenotypic testing was conducted to evaluate antimicrobial resistance and antimicrobial production by
B. fibrisolvens ASCUSDY19 using methods described in Section 2.1.6 and 2.1.7 in the main text of the
dossier.
B. fibrisolvens ASCUSDY19, an anaerobic bacteria, was demonstrated to be resistant to aminoglycosides
and macrolides. Resistance to aminoglycosides and macrolides is reflective of B. fibrisolvens ASCUSDY19

being anaerobic rather than any specific resistance mechanism or genotype. Consistent with the presence
of TetW in the genomic analysis, B. fibrisolvens ASCUSDY19 is resistant to tetracycline, and susceptible to
chloramphenicol, vancomycin, and ampicillin. B. fibrisolvens ASCUSDY19 was not found to produce any
antimicrobial compounds.

Feeding Trial Summary
As presented in Section 6.7 of the main text of the dossier, B. fibrisolvens has been fed to cattle and
lactating goats as a DFM in studies published in 2003 and 2016. Findings of these studies are described in
Section 6.7. No negative health effects due to the feeding of B. fibrisolvens were reported.
In addition, B. fibrisolvens ASCUSDY19 was fed to lactating cows for 39 weeks as mentioned in the
Microbial Safety section of AGRN 42 B. fibrisolvens ASCUSDY19 GRAS Notice Amendment (herein referred
to as the Amendment). No adverse health effects due to the feeding of B. fibrisolvens ASCUSDY19 were
observed. The risk of clinical mastitis was also evaluated and no association of clinical mastitis occurrence
and supplementation of B. fibrisolvens ASCUSDY19 was found (Attachment 4 of the Amendment).
The manuscript for the above-mentioned B. fibrisolvens ASCUSDY19 study is currently undergoing minor
revisions in the peer review process for Journal of Animal Science. It is important to note that although
the same mixing wagon was used to prepare feed for both control and treatment groups, precautions
were taken to minimize the potential cross-contamination by loading ~74kg of Bermuda grass hay and
mixing for 4 minutes before discharging it to sweep away the previous TMR residues. Microtracers were
utilized to confirm minimal cross contamination between TMR batches. Although control and treatment
cows were housed in a single pen, the animals could only access assigned feed bins via calan gates.
Moreover, as B. fibrisolvens ASCUSDY19 is a commensal organism and is naturally present in cow rumens,
low level cross contamination through animal interactions would have a negligible impact. This feeding
study, although not necessary for GRAS determination, corroborates the safety of feeding B. fibrisolvens
ASCUSDY19 as no adverse health impacts were observed.

Overall Summary of Safety
B. fibrisolvens ASCUSDY19 belongs to species B. fibrisolvens and is a well understood and studied
commensal microorganism in the rumen. B. fibrisolvens is naturally present in the rumen and considered
beneficial. This has been demonstrated by both literature and in a study conducted by Native Microbials.
The species has been classified in the lowest risk group (BSL-1/Risk Group 1) by various international
agencies. Through comprehensive evaluation of the genome, Native Microbials found no antimicrobial
resistance, plasmids, pathogenicity, or virulence factors of concern. In vitro assessment of antimicrobial
resistance and production demonstrated that B. fibrisolvens ASCUSDY19 is susceptible to a wide variety
of common antibiotics and does not produce any antimicrobial compounds. Studies that fed B. fibrisolvens
ASCUSDY19 to ruminants showed that the microorganism is well tolerated by the study animals, and no
adverse health effects were observed.
Native Microbials, Inc., therefore, continues to conclude that B. fibrisolvens ASCUSDY19 is generally
recognized as safe as a direct fed microbial in dairy cattle at the intended rate of inclusion.

