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Part 1 – Signed statements and certification
1.1

Applicability of 21 C.F.R. part 570, subpart E
We submit this Generally Recognized As Safe (GRAS) notice in accordance with
21 C.F.R. part 570, subpart E.

1.2

Name and address of the notifier
Company:
Name:
Address:
Phone:

Calysta, Inc.
Tomas Belloso
1140 O'Brien Drive
Menlo Park, CA 94025
314-368-7114

All communications on this matter are to be sent to Counsel for Calysta, Inc.
Melvin S. Drozen
Keller and Heckman LLP
1001 G Street, N.W., Suite 500 West
Washington, DC 20001
Phone: (202) 434-4222
Email: drozen@khlaw.com
1.3

Name of the notified substance
Dried Methylococcus capsulatus Product, hereinafter for ease of reference we will
refer to the Dried Methylococcus capsulatus Product as FeedKind®. FeedKind® is a
protein-rich single cell protein (SCP) intended for use as a protein supplement in salmonid
feed. FeedKind® is produced through the culture of methanotrophic and heterotrophic
microbial consortia.

1.4

Applicable conditions of use of the notified substance
FeedKind® is intended for use as a protein source in salmonid species (e.g.,
Atlantic salmon and rainbow trout) feed with maximum use levels based on published
scientific studies and corroborating unpublished data is 18% FeedKind® in the diet.

1.5

Basis for the GRAS determination
Keller and Heckman LLP, on behalf of Calysta, Inc. hereby notifies the Agency of
its determination that FeedKind® is Generally Recognized as Safe (GRAS), consistent
with Section 201(s) of the Federal Food, Drug, and Cosmetic Act (FDCA). This GRAS
conclusion is based on scientific procedures in accordance with 21 C.F.R. §§ 570.30(a)
and (b).
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1.6

Exclusion from premarket approval
FeedKind® is not subject to the premarket approval requirements of the FDCA
based on our conclusion that the notified substance is GRAS when used as a protein
source in salmonid feed.

1.7

Availability of data and information
The information for this GRAS conclusion including analytical data, published
studies, and information that are the basis for this GRAS determination are available to
FDA upon request as required by 21 C.F.R. § 570.225(c)(7)(ii)(A) or (B) by contacting
Keller and Heckman LLP at the below address.
Melvin S. Drozen
Keller and Heckman LLP
1001 G Street, NW
Suite 500W
Washington DC 20005
Tel: 202-434-4222
Fax: 202-434-4646
Email: drozen@khlaw.com

1.8

Applicability of FOIA exemptions
Certain of the data and information in Parts 2 through 7 of this GRAS Notice are
exempt from disclosure under the provisions of 5 U.S.C. § 552 (e.g. as trade secret or as
commercial or financial information that is privileged or confidential). Information
claimed as confidential is shown in this document within a red box.

1.9

Certification
We certify on behalf of our client Calysta, Inc. that this GRAS conclusion is based
on representative data from Calysta, Inc. required for the safety and GRAS status of
FeedKind®. To the best of our knowledge, our GRAS Notice is a complete,
representative, and balanced submission that includes unfavorable information, as well as
favorable information, known to us and pertinent to the evaluation of the safety and GRAS
status of the use of the substance.

(b) (6)

__

_____2/28/2020_____

Melvin S. Drozen
Partner

Date

Keller and Heckman LLP
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Part 2 – Identity, method of manufacture, specifications, and
physical or technical effect
2.1

Scientific data and information that identifies the notified substance

FeedKind® is a biomass product of fermentation which utilizes a consortium of
microorganisms to produce a high protein product for use in salmonid feed. The FeedKind®
product has been thoroughly tested and characterized. Figure 1 is a sample data sheet that will be
included with the product listing chemical composition.

6

Figure 1: Label of FeedKind® Product

For Further Manufacture of Feed
GUARANTEED ANALYSIS
Crude Protein

(min)

68.0 %

Crude Fat

(min)

5.0 %

Crude Fiber

(max)

1.0 %

Moisture

(max)

10.0 %

Ash

(max)

12.0 %

Ingredients: Dried Methylococcus capsulatus Product
Storage: Store in a dry and clean place at room temperature.
Directions: For further manufacture of feed for Salmonidae fish (18% maximum inclusion rate in
final feed).
Lot#
Manufacturing Date:
Expiration Date: 12 months from manufacturing date
Manufactured by:
CALYSTA, Inc
1140 O’Brien Drive
Menlo Park CA, USA 94025
Tel.: (650) 492-6880

Net Weight on Invoice
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2.2

Description of the method of manufacture of FeedKind®
2.2.1 Organisms

FeedKind® is produced through the culture of methanotrophic and heterotrophic microbial
consortia. Methylococcus capsulatus (Bath) is a methanotrophic bacteria that composes 90% of
the culture. It is a thermophilic bacterium originally isolated from the hot springs in Bath,
England, is widely used as a laboratory culture and has been deposited as NCIMB 11132 at The
National Collections of Industrial and Marine Bacteria, Aberdeen, Scotland. M. capsulatus
(Bath) has optimum growth at 45°C, but growth occurs between 37°C and 52°C. It is a gramnegative nonmotile spherical cell, usually occurring in pairs. The intracellular membranes are
arranged as bundles of vesicular discs characteristic of Type I methanotrophs. M. capsulatus
(Bath) is genetically a very stable organism without known plasmids. It can utilize methane or
methanol for growth and ammonia, nitrate, or molecular nitrogen as nitrogen sources for protein
synthesis. While only carbon sources containing a single carbon atom are utilized by M.
capsulatus for growth (i.e., biomass), the organism is capable of oxidizing higher molecular
weight hydrocarbons into their corresponding organic acid (e.g., ethane to acetic acid and propane
to propionic acid). These higher molecular weight hydrocarbons are largely removed from the
methane during processing of natural gas, but may remain in concentrations of 0-15% (ethane) to
<5% (propane).
The FeedKind® culture includes three heterotrophic strains, Cupriavidus sp. (NCIMB
13287, previously Alcaligenes acidovorans DB3), Aneurinibacillus danicus (NCIMB 13288,
previously Bacillus brevis DB4), and Brevibacillus agri (NCIMB 13289, previously Bacillus
firmus DB5), all of which were isolated from mixed cultures growing on methane. The
nomenclature changes are indicative of changes in the level of sophistication of bacterial
taxonomy, and do not represent any changes to the actual strains utilized to produce FeedKind®.
The nomenclature changes are due to a recent whole genome sequencing analysis of the three
heterotrophic strains undertaken by the submitter in 2019 (Appendix 4). This study found that
the DB3 genome’s closest known match was to Cupriavidus gilardii (91.95% nucleotide
identity), indicating that DB3 was a previously undescribed member of genus Cupriavidus. Per
internationally accepted naming criteria, Calysta intends to name this species Cupriavidus calystii
per criteria set forth by the International Committee on Systematics of Prokaryotes (ICSP) and to
publish these results in The International Journal of Systematic and Evolutionary Microbiology.
However, pending peer review and acceptance of these results, this strain will be referred to as
Cupriavidus sp. in this submission. The sequence of DB4 indicated a 99.54% identity match to
Aneurinibacillus UBA3580, which is a genome generated via metagenomic datasets, rather than
from an actual isolate.1 Aneurinibacillus sp. (NCIMB 13288) was previously renamed to
Aneurinibacillus danicus based on 16s sequences, however no whole genome sequence was
1

Parks DH, Rinke C, Chuvochina M, Chaumeil P-A, Woodcroft BJ, Evans PN, Hugenholtz
P, and Tyson GW. (2017) Recovery of nearly 8,000 metagenome-assembled genomes
substantially expands the tree of life. Nature Microbiology 2(11): 1533-1542.
8

available at the time.2 Finally, DB5 sequence analysis indicated a 99.56% identity match to
Brevibacillus agri. Matches with greater than 95% nucleotide identity are considered extremely
likely to be of the same species.
The purpose of the heterotrophic strains is threefold: 1) to metabolize organic acids
(acetate, propionate, butyrate) produced by M. capsulatus that have been shown to reduce the
efficiency with which M. capsulatus converts methane to biomass; 2) to metabolize organic
material released via naturally occurring cell lysis during fermentation which could lead to foam
formation; and 3) to minimize the risk of culture contamination by undesirable microbes.
Previous regulatory submissions used old taxonomy for the heterotrophic strains, all three
of which have been reclassified utilizing modern molecular techniques. However, the strains used
have not changed from those previous submissions.
1) Cupriavidus sp. (NCIMB 13287) is a gram-negative, aerobic, motile rod. It can utilize
ethanol, acetate, propionate and butyrate for growth. Cupriavidus sp. accounts for 68% of the total cell count of a FeedKind® culture grown on natural gas.
2) Aneurinibacillus danicus (NCIMB 13288) is a gram-positive, endospore-forming,
aerobic rod. It can utilize acetate, D-fructose, D-mannose, ribose and D-tagatose. It
accounts for less than 1% of the cell count during continuous fermentation.
3) Brevibacillus agri (NCIMB 13289) is a gram-positive, endospore-forming, motile,
aerobic rod. It can utilize acetate, N-acetyl-glucosamine, citrate, gluconate, D-glucose,
glycerol and mannitol. It accounts for less than 1% of the cell count during continuous
fermentation.

2.2.2 FeedKind® Production
(b) (4)

2

Goto K, Fujita R, Kato Y, Asahara M, Yokota A. (2004) Reclassification of Brevibacillus
brevis strains NCIMB 13288 and DM 6472 (=NRRL NRS-887) as Aneurinibacillus danicus sp.
nov. and Brevibacillus linophilus sp. nov. International Journal of Systematic and Evolutionary
Microbiology. 54 (2):419-427.
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(b) (4)

(b) (4)

(b) (4)

Table 1: Microorganism temperature and residence times.
Operation

Operating Temperature Residence Time
(b) (4)

Fermenter
10

(b) (4)

Centrifuge
Heat
Treatment
Evaporator
Spray Dryer

As discussed more thoroughly in Part 6.1.1 of this notice, the organisms which are used to
produce FeedKind® are safe for consumption. The main production organism, M. capsulatus, is
a methanotroph and requires single carbon energy sources (e.g. methane or methanol) for growth,
as well as elevated temperatures. For these reasons, methanotrophs are not considered to be risks
for pathogenicity in animals or humans. Additionally, the three heterotrophic strains were tested
in rodents and exhibited no ability to cause infections, even at very high doses (>109 cfu/kg bw).3
Furthermore, tests undertaken by Calysta have shown that the heat treatment step during
production is effective at reducing the viable heterotrophic bacterial load by more than 2 logs
(99%) in the finished product (Table 2). The safety of the production microorganisms and large
reduction in viable cell counts due to post fermentation processing indicate that FeedKind® is not
expected to pose any microbiological safety concerns.4
Table 2: Comparison of bacterial load in finished FeedKind® without (ST01 and 02) and
with heat treatment.
Sample

3
4

Anaerobic (cfu/g)

Aerobic (cfu/g)

ST01

6,100

170,000

ST02

6,100

170,000

ST03

280

350

ST04

280

350

ST05

170

240

ST06

170

240

ST07

10

20

ST08

10

20

See Part 6.1.1.
See Appendix 1.
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(b) (4) is the last step in the production of FeedKind®. It undergoes no other technical
processes of preparation before use in the formulation of animal feeds.

12

Raw Materials and Processing Aids
All raw materials and processing aids, including fermentation media components, utilized
in the production of FeedKind® are safe and suitable for use in feed production, and are prepared
and handled as feed ingredients. These materials are listed in Table 3.
Table 3: Raw materials and (example) processing aids

5
6

Raw Material

Function

Authorization
Reference

Authorization
Limits

Specification

Methane &
Natural Gas

Nutrient for
culture

None; Safe for
use5

N/A

See Table 4

Ammonium
Hydroxide

pH control

21 CFR
§582.1139

25-35%

Sulfuric Acid

pH control

21 CFR
§582.1095

Good
Manufacturing
or Feeding
Practice
GM/FP

0.02% max

Phosphoric
Acid
Sodium
Hydroxide

Nutrient for
culture
pH control

21 CFR
§582.1073
21 CFR
§582.1763

GM/FP

31.0-33.0%

GM/FP

31.0-33.0%

Potassium
Hydroxide
Zinc Sulfate
Heptahydrate

Nutrient for
culture
Nutrient for
culture

21 CFR
§582.1631
21 CFR
§582.80

GM/FP

46%

GFP; added as
nutritional
dietary
supplements

99%

Nickel
Chloride
Hexahydrate
Cobalt Sulfate
Heptahydrate

Nutrient for
culture

None; Safe for
use6

N/A

99.0% min

Nutrient for
culture

21 CFR
§582.80

98%

Manganese
Sulfate
Monohydrate

Nutrient for
culture

21 CFR
§582.80

GFP; added as
nutritional
dietary
GFP; added as
nutritional
dietary

See discussion in Section 2.2.2.2 of this GRAS Notice.
See discussion in Section 2.2.2.4 of this GRAS Notice.
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98-102%

(b) (4)

Nitric Acid

pH control
and Nutrient for
culture

None; GRAS7

N/A

Copper
Sulfate
Pentahydrate
Sodium
Molybdate
Dihydrate
Iron Sulfate

Nutrient for
culture

21 CFR
§582.80

Nutrient for
culture
Nutrient for
culture

AAFCO
Definition #
57.145
21 CFR
§582.80

GFP; added as
nutritional
dietary
N/A l

Calcium
Chloride

Nutrient for
culture

21 CFR
§582.1193

Magnesium
Sulfate
Heptahydrate

Nutrient for
culture

21 CFR
§582.5443

GM/FP; used as
a nutrient
and/or dietary
supplement

Potassium
Sulfate

Nutrient for
culture

21 CFR
§582.1643

GM/FP

Glanapon
2000
Antifoam

Antifoam

21 CFR §§
172.808,
173.340,
582.4505

See Section
2.2.2.6

GFP; added as
nutritional
dietary
l
GM/FP

All ingredients and processing aids in Table 3, including those that rely on 21 CFR Part
582 for an appropriate regulatory status, will be used in accordance with good manufacturing and
feeding practice.
FeedKind® will be distributed in lined polypropylene bags, which are widely used within the
animal feed industry and which have appropriate regulatory status under 21 CFR § 177.1520.
The current natural gas specifications for FeedKind® are listed in Table 4.
Table 4: Current natural gas specifications
Natural Gas
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Units

Specification

Nitrogen

Mol %

0-0.5

Methane

Mol %

82-100

See Section 2.2.2.5 of this GRAS Notice.
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Ethane

Mol %

0-15

Propane

Mol %

0-5

I-Butane

Mol %

0-2

N-Butane

Mol %

0-2

I-Pentane

Mol %

0-0.7

N-Pentane

Mol %

0-0.7

Calorific value – volume

Mol %

37.7-44

Natural gas, including methane, safety
Natural gas is composed primarily of methane, although ethane, propane, butane and
pentane may also be present.8 Before refinement, natural gas may also contain 0% to 5%
hydrogen sulfide (H2S) gas and elemental mercury (Hg0) vapor and noble gases, such as argon
(A), helium (He), neon (Ne), or xenon (Xe). After refining, natural gas is essentially pure
methane. None of these gaseous or vaporous natural gas constituents are expected to remain in
finished FeedKind®. Methane serves as a food source for the bacteria and most, if not all, of the
methane and other residual gaseous or vaporous substances that may enter the system with the
refined pipeline natural gas, and not be dissolved or otherwise incorporated into the fermentation
mix, is vented out of the system during the fermentation, centrifugation, evaporation and recirculation processes. Furthermore, any residuals of these gases and vapors that may remain in
the harvested wet biomass before spray drying will dissipate away from the product during spray
drying. Hg0 is extremely volatile. Thus, no Hg0 is expected in Feedkind®. However, some of
the Hg0 that may be present in the refined natural gas used to produce FeedKind® may be
metabolized by the bacteria to produce methylmercury (MeHg) during fermentation. MeHg has
the potential to bioconcentrate in the bacteria and remain in the product after spray-drying. This
potential is evaluated in detail in Section 2.2.2.3 below.

Mercury safety
Natural gas often contains trace levels of mercury (Hg), predominantly elemental mercury
(Hg ), which must be removed from the gas phase before transport via pipeline to protect
downstream heat exchangers from catastrophic failures and catalysts from fouling. The
concentrations of Hg in pipeline natural gas is recued to concentrations below <0.01 g/Nm3 by
means of current industry practices in the U.S., and Calysta specifications require that natural gas
used to produce FeedKind® will contain no more than 0.2 g/Nm3. Inorganic Hg can be
metabolized by microorganisms to produce methyl mercury (MeHg), which can then
0

8

NATURALGAS.ORG. Available at:
https://web.archive.org/web/20140709040340/http://naturalgas.org/overview/background/.
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bioaccumulate in the food chain to result in bioconcentration factors (BCFs) as high as 80,000 in
fish at the top of the food chain in aquatic environments.
The toxicity of Hg compounds has been well characterized in the literature. MeHg is
generally more toxic than inorganic forms of Hg and is of particular concern because it also has
the greatest potential to bioaccumulate. The NRC (2005) determined that salmon tolerate chronic
MeHg up to 1 g/kg diet and set a maximum tolerable level of 0.3 g/kg bw/day for pregnant
women to protect children in utero from MeHg from maternal fish ingestion.
We calculated exaggerative estimates of the maximum Hg concentrations based on an
example FeedKind® production scenario. In that scenario, (b) (4) tons/year FeedKind® are
produced in a single-fermenter production system where a substantially greater faction of the
culture medium than required is re-circulated into the production system over each 12-week
fermentation cycle. After each fermentation cycle, the system is emptied, cleaned, and prepared
to receive fresh bacterial culture and medium to start the next 12-week cycle. The worst-case
assumptions incorporated into these calculations include the use of natural gas that invariably
contains the maximum concentration of Hg, 100% conversion of the Hg to MeHg by the bacterial
consortium, and BCFs as high as 80,000 for MeHg during fermentation.
We also estimated worst-case human exposures to Hg in the edible tissues of salmon and
trout fed FeedKind®, assuming that the fish are fed exclusively food containing the maximum
level of FeedKind®, all of the Hg in FeedKind® accumulates exclusively in the edible tissues of
the fish, consumers eat only salmon or trout fed exclusively food containing the maximum level
of FeedKind®, and that high-end consumers eat only salmon or trout at the same daily rate as
estimated for the consumption of all finfish, combined, by high-end consumers (i.e. 90th
percentile) of finfish.
The worst-case maximum concentration of Hg in salmonid feed containing FeedKind® at
the highest use level was 0.289 g/kg, which is 3460 times lower than the concentration tolerated
by salmon determined by NRC (2005). The worst-case exposures to Hg were estimated to be
0.0012 g/kg bw/day and 0.0015 g/kg bw/day for exclusive consumers of salmon and trout,
UHVSHFWLYHO\ZKLFKDUHWLPHVORZHUWKDQWKHPD[LPXPWROHUDEOHOHYHOVHWE\15&  
Thus, the results of these exaggerative exposure calculations demonstrate the there are no
significant risks to the target animals or to consumers of the edible tissues of the salmon or trout
raised exclusively on food containing FeedKind® at the highest use levels.
This assessment is presented in greater detail in the Appendix 5.
Nickel chloride hexahydrate safety
(b) (4)

Nickel is required in very small amounts mg Ni/kg FeedKind® finished product) as a
nutrient in the fermentation media. As the production process for FeedKind® involves recirculation and reuse of some water recovered from the fermentation media, it is theoretically
possible that nickel could accumulate in the fermentation media over time resulting in higher
concentrations of nickel in the final finished product. Although this has not been observed in any
production run to date, a specification of 10 ppm nickel in the finished product was established.
Nickel from nickel chloride hexahydrate
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As discussed in NRC (2005), nickel is an essential element for some lower forms of life.
For example, nickel is essential for nitrogen metabolism in plants and for the activity of
hydrogenases identified in more than 35 species of bacteria, including nitrogen-fixing bacteria.9
However, nickel is not considered to be essential for higher animals and humans, although
experimental nickel deprivation has been shown to result in subnormal functions that appear to be
associated with vitamin B12 activity.
Typically, less than 10% of the nickel in food is absorbed in the gastrointestinal tracts of
animals and humans, and the small amount that is absorbed is excreted mostly in the urine (NRC
2005).
Nickel compounds are known carcinogens by inhalation exposure, and nickel is a
recognized allergen by respiratory and dermal exposure. Allergic effects are possible in
sensitized individuals exposed to high levels of nickel in the diet. However, there is no evidence
of adverse health effects in humans associated with chronic dietary exposure to nickel. The
tolerable upper intake level for humans is 0.017 mg/kg bw/day, based on a NOAEL of 5 mg/kg
bw/day in two rat studies (NRC 2005).
In animal studies, the first signs of nickel toxicity appear to be the result of reduced food
intake, which is attributable at least in part to reduced palatability of the diet, and gastrointestinal
irritation. The most common signs reported after extended exposures include reduced growth,
feed intake and feed efficiency, as well as hematological changes and sometimes renal effects.
Elevated incidences of the death of offspring have been reported in developmental and
reproductive toxicity studies in rats and chickens exposed to soluble nickel salts in drinking water
or the diet, indicating the potential for impaired reproductive performance. Some of the effects of
long-term excessive oral exposures to nickel are attributable to interference by nickel with the
gastrointestinal absorption or use of essential elements, including copper, iron, and zinc, which are
more evident when the diet is deficient in these elements. Alterations in cellular redox status,
resulting in excessive levels of reactive oxygen species, has also been suggested as a potential
mechanism of nickel toxicity (NRC 2005).
On the other hand, the potential for life-threatening toxicity is considered to be low, similar
to zinc, chromium, and manganese, for example, because of the existence of effective homeostatic
mechanisms for the regulation of nickel.
Generally, toxicity has been observed in animal studies only after chronic exposures to
more than 100 ppm water-soluble nickel in the diet of rats, mice, chickens, dogs, rabbits, pigs,
ducks, and monkeys. NNRC (2005) suggested maximum tolerable levels of dietary nickel of 100
ppm for cattle, 250 ppm for chickens and pigs, and approximately 1000 ppm for dogs (NRC 2005).

9

National Research council (NRC) (2005). Nickel. Chapter 22 in: Mineral tolerance of
animals. Committee on Minerals and toxic Substances in diets and water for Animals, Board on
agriculture and Natural resources, Division on Earth and Life Studies, Second Revised Edition,
pp. 276-283.
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Most plant-based animal feeds contain relatively high concentrations of nickel and animaltissue-based feeds contain comparatively low concentrations. Langmyhr and Orre (1980) reported
substantial concentrations of 0.7 to 2.8 ppm nickel in five different fish protein concentrates
considered for use as a source of protein and trace elements in human nutrition.10 However, most
animal feeds contain less than 10 ppm nickel, which is an order of magnitude less that the lowest
maximum tolerated dose of 100 ppm suggested by NRC (2005). Accordingly, Maule et al. (2007)
reported an average nickel concentration of 2.35 ppm, ranging from 0.42 to 7.8 ppm, in 55 fish
feed samples collected from 11 National Fish Hatcheries between October 2001 and October
2003.11
EFSA (2015) reviewed several studies of nickel in fish feed, which support a NOAEL of
10 ppm nickel in feeds for salmonid species.12 In particular, Ptashinsky et al. (2001 and 2002)
reported a LOAEL of 100 ppm and a NOAEL of 10 ppm in Lake Whitefish fed diets
supplemented with water-soluble nickel for 10, 31, or 104 days dietary nickel in Lake
Whitefish.13 Histopathological changes in the kidneys were found in the fish fed diets containing
SSPLQWKLVVWXG\,QDQRWKHUVWXG\-DYHG  UHSRUWHGGHFUHDVHGZHLJKWJDLQIRUN
length, and feed intake in Major Carp fed 73 ppm water-soluble nickel (i.e. the lowest
concentration tested) for 12 weeks.14 In addition, Alsop et al. (2014) reported reduced growth in
male and reduced total egg production in female Zebrafish fed 116 ppm water-soluble nickel (i.e.
the lowest concentration tested) for 80 days; Zebrafish are commonly used as an animal model for
aquaculture nutrition research.15
By comparison, the concentration of nickel would be 1.8 ppm in a salmonid diet
containing 18% FeedKind® that contains the specified maximum concentration of 10 ppm nickel.
This level (i.e. a maximum of 1.8 ppm) is well below the NOAEL of 10 ppm in salmonid species
and the maximum tolerable level of 100 ppm suggested by NCC (2005) for domestic animals.
Further, comparison with the results published in Maule et al. (2007) indicate that the inclusion of
10

Langmyhr FJ, Orre S (1980). Direct atomic absorption spectrometric determination of
chromium, cobalt and nickel in fish protein concentrate and dried fish solubles. Analytica
Chimica Acta 118: 307-311.
11
Maule AG, Gannam AL, Davis JW (2007). Chemical contaminants in fish feeds used in
federal salmonid hatcheries in the USA. Chemosphere 67: 1308-1315.
12
EFSA (2015). Scientific Opinion on the risks to animal and public health and the
environment related to the presence of nickel in feed. EFSA Journal 13(4): 4074 (59 pp.)
13
Ptashynski MD, Pedlar RM, Evans RE, Baron CL, Klaverkamp JF (2002). Toxicology of
dietary nickel in lake whitefish (Coregonus clupeaformis). Aquatic Toxicology 58: 229–247;
Ptashynski MD, Pedlar RM, Evans RE, Wautier KG, Baron CL, Klaverkamp JF (2001).
Accumulation, distribution and toxicology of dietary nickel in lake whitefish (Coregonus
clupeaformis) and lake trout (Salvelinus namaycush). Comparative Biochemistry and Physiology.
Toxicology & Pharmacology 130: 145–162.
14
Javed M (2013). Chronic effects of nickel and cobalt on fish growth. International Journal
of Agriculture & Biology 15: 575–579.
15
Alsop D, Santosh P, Lall, SP, Wood CM (2014). Reproductive impacts and physiological
adaptations of zebrafish to elevated dietary nickel. Comparative Biochemistry and Physiology C
165: 67–75.
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up to 1.8 ppm nickel in fish feed via the inclusion of FeedKind® - used as a replacement for other
protein sources that might be in fish feed – is likely to result in fish-feed nickel concentrations
below the average of 2.35 ppm nickel reported in fish feeds.
Chloride from nickel chloride hexahydrate
As discussed in NRC (2005), chloride is an essential nutrient for essentially all forms of life,
most notably because chloride, along with sodium, is critical for maintaining osmotic and acidbalance.16 The bodies of nearly all animal species maintain extracellular and intracellular osmotic
concentrations between 250 and 400 milliosmoles (mOsm). Saltwater fish live in water that
typically contains 1,000 mOsm, most of which is attributable to sodium chloride in the water.
About 77% of the total dissolved solids in saltwater is composed of sodium chloride. Most
saltwater fish excrete sodium and chloride through the gills to maintain normal levels of water in
their bodies against the osmotic pressure exerted by the high salt concentration of the water
around them. The gills pump sodium against the concentration gradient of the saltwater and
chloride follows sodium out of the body.
In contrast, the kidneys of freshwater species excrete very dilute urine to reduce the loss of
salt and maintain normal levels of body water against the tendency of the water to diffuse from
extracellular fluids to the surrounding freshwater. Freshwater fish typically also have efficient
mechanisms for absorbing sodium and chloride from water through the gills. NRC (2005) notes
that higher sodium chloride concentrations in saltwater can reduce the toxicity of minerals such as
mercury, cadmium, chromium, and zinc, by competing with and reducing the uptake of these
minerals through the gills. Accordingly, freshwater fish are generally more sensitive to nitrite
than saltwater fish because the chloride ions in saltwater compete with nitrite for absorption
through the gills.
As discussed in NRC (2005), excessive amounts of chloride added to the diet as a
component of trace metals used in very high amounts to supplement the diet, apart from sodium,
has the potential to acidify extracellular fluids, resulting in metabolic acidosis.17 However, the
trace elements in most diets are absorbed in such small amounts that the possibility of altered
acid-base status is negligible. In any case, mild acid-base imbalances are amenable to correction
through increased renal excretion of cations or anions. Sodium chloride added to the diet
generally has essentially no effect on acid-base physiology.
NRC (2005) notes that freshwater fish do not tolerate water containing more than 1500
ppm sodium chloride and saltwater fish do not survive in water containing more than 30,000 ppm.

16

National Research council (NRC) (2005). Sodium chloride. Chapter 27 in: Mineral
tolerance of animals. Committee on Minerals and toxic Substances in diets and water for
Animals, Board on agriculture and Natural resources, Division on Earth and Life Studies, Second
Revised Edition, pp. 357- 371.
17
National Research council (NRC) (2005). Minerals and Acid-base Balance. Chapter 33 in:
Mineral tolerance of animals. Committee on Minerals and toxic Substances in diets and water for
Animals, Board on agriculture and Natural resources, Division on Earth and Life Studies, Second
Revised Edition, pp. 449-452.
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As noted by Salman (2008), dietary sodium chloride up to 11.6% (i.e. 116,000 ppm) did
not impair the growth of rainbow trout when isonitrogenous/isocaloric diets were used.18 Dietary
sodium chloride levels of 1% to 4% (i.e. 10,000 to 40,000 ppm) have been demonstrated to have
beneficial effects in salmon, carp, trout, and other freshwater fish species, and are commonly used
in diets for salmon and trout.19
As noted, small amounts of nickel chloride hexahydrate are added as a nutrient to the
fermentation medium, which is, thus, present at up to 2 ppm20 in finished feed. Based on the
literature reviewed above, salmonid species tolerate, and even benefit from, dietary chloride
concentrations several orders of magnitude greater than the potential contribution of chloride from
nickel chloride in FeedKind®. Therefore, the chloride from nickel chloride hexahydrate has no
potential to adversely affect the health of these species when fed FeedKind®.
Nitric Acid safety
Nitric Acid is a source of nitrogen and a pH control agent. The term nitrate (NO3-) refers
to salts and esters of nitric acid (HNO3). As noted in NRC (2005), nitrates are formed naturally in
the biological nitrogen cycle (nitrification), through which ammonia in the soil is oxidized by aerobic
bacteria to produce nitrite and then nitrate.21 Plants then use the nitrate to synthesize amino acids and
proteins. In contrast, nitrates are not essential nutrients for mammalian species.
Like nitrites (NO2-), nitrates are rapidly absorbed in the intestines of nonruminant mammals
and the rumen of ruminants.22 The plasma half-life of nitrate ranges from 4.2 to 4.8 hours in
sheep and ponies and up to 44.7 hours in dogs.23 Nonruminant animals generally excrete more
urinary nitrate than ruminants.
18

Salman NA (2009). Effect of dietary salt on feeding, digestion, growth and
osmoregulation in teleost fish. Chapter 4 In: Osmoregulation and Ion Transport, Volume 1,
Handy, Bury and Flick, eds., Society of Experimental Biology UK (SEB).
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See, e.g., Salman NA, Eddy FB (1988). Effect of dietary sodium chloride on growth, food
intake and conversion efficiency in Rainbow trout (Salmo gairneri Richardson). Aquaculture 70:
131-144; Mzengereza K, Kang’ombe J (2015). Effect of salt (sodium Chloride) supplementation
on growth, survival and feed utilization of Oreochromis shiranus (Trewavas, 1941). J. Aquac.
Res. Develop. 7(1): 3 pp.
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We acknowledge that there are other sources of chloride in the fermentation media, but
these are from sources and in uses that are permitted at levels consistent with good manufacturing
and feeding practices. The issue addressed in this section is whether the chloride potentially
added as part of the nickel chloride hexahydrate poses a health risk to the animals to which it is
being fed.
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National Research council (NRC) (2005). Nitrates and nitrites. Chapter 34 in: Mineral
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Walker R (1990). Nitrates, nitrites and N-nitroso compounds: a review of the occurrence
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Nitrate itself is not highly toxic. However, nitrate has the potential to be converted to
nitrite, which can oxidize hemoglobin in the bloodstream to produce methemoglobin. Unlike
hemoglobin, methemoglobin cannot transport oxygen. In ruminants, bacteria in the rumen rapidly
convert nitrate to nitrite and nitrite to ammonia, and the ammonia is used by the bacteria to
synthesize amino acids and proteins.24 Thus, nitrate toxicity in ruminants occurs only when the
conversion of nitrite to ammonia is disrupted or the nitrate levels in the diet are high enough to
saturate the conversion process in the rumen. In nonruminants, methemoglobin in is usually
associated with the consumption of high levels of nitrite rather than nitrate.
The clinical signs of acute methemoglobinemia may be evident when 30% to 40% of the
hemoglobin in the bloodstream is converted to methemoglobin, including rapid breathing and
pulse rate, muscle tremors, and increased urination.25 Methemoglobinemia may be fatal at
methemoglobin levels greater than 80%. The effects of chronic nitrate exposure are difficult to
detect in ruminants because these animals can use nitrate as a nitrogen source. However,
abortions have been reported in ruminants receiving doses of nitrate high enough to cause clinical
signs of toxicity. Reduced feed intake has been reported in beef cattle and sheep receiving more
than 10,000 ppm and 30,000 ppm dietary nitrate. Other possible effects mentioned in the
literature include methemoglobinemia, placental transfer of methemoglobin, changes in pituitary
function, transfer of some nitrate to milk, and effects on vitamin A metabolism in ruminants
chronically exposed to nitrate or nitrite. However, as NRC (2005) notes, accumulation of nitrates
and nitrites is not expected in the tissues of animals or in the milk of mammals because these
substances are generally excreted rapidly.
As reviewed in NRC (2005), reduced body weight gains among nonruminants were
reported in chickens and rats fed 3,100 ppm and 2,916 ppm nitrate in the diet, respectively.
Increased fetal losses have been reported in guinea pigs treated with nitrate. However, no effect
has been observed on the reproductive performance of pigs, and reports of such responses in
chickens have been inconsistent.
NRC (2005) suggested a maximum tolerable level of 1,823 ppm nitrate in the diet based
on the results of rat studies. In comparison, ruminants exposed to more than 5,000 ppm nitrate in
the diet (dry matter basis) have exhibited signs of toxicity.
NRC (2005) suggested that, for drinking water, the EPA guideline of 10 ppm nitrate-N
(i.e. 44 ppm NO3-)26 in drinking water is a conservative maximum tolerable level because some
studies have found no effects in animals exposed to 200 times this guideline and others have
reported reduced animal performance only at 20 times the guideline. In comparison, the NRC
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Russell JB (2002). Rumen microbiology and its role in ruminant nutrition. Cornell
University, New York state college of Agriculture and Life Sciences, Department of
Microbiology, Ithaca NY.
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NRC (2005).
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10 ppm nitrate-N x 4.42 grams NO3-/gram nitrate-N = 44.2 ppm NO3-.
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(1974) recommended an upper limit of 100 ppm nitrate-N (i.e. 442 ppm NO3-) in the drinking
water of livestock and poultry.27
Nitrate is generally much less toxic to fish and other aquatic organisms than is nitrite.28
Jensen (1999) noted that the mechanism of toxicity in fish is generally the same as in terrestrial
animals, specifically the oxidation of hemoglobin to methemoglobin.29 The effects of nitrite
toxicity in fish include reduced growth rates and suppressed immune function. Nitrite has also
been studied for its possible role in the formation of mutagenic and carcinogenic N-nitroso
compounds, which have been detected in the muscle and other tissues of nitrite-exposed rainbow
trout, for example.
Freshwater fish are generally more sensitive to nitrite than saltwater fish because the
chloride ions in saltwater inhibit the uptake of nitrite by competing with nitrite for absorption
through the gills. Jensen (1999) noted that fish species with high branchial chloride uptake rates,
including rainbow trout, perch, and pike, appear to be more sensitive to nitrite toxicity than
species with low uptake rates, such as carp, tench, and eel. However, exposure to nitrite
concentrations in the millimolar range can be tolerated by fish for long periods if the water
chloride concentrations are elevated sufficiently.
By comparison, the toxicity of nitrate is very low in most aquatic species, with ambient
nitrate concentrations of several tens of millimolars required to increase mortality in short-term
toxicity tests. Camargo et al. (2005) noted that the relatively low toxicity of nitrate, compared to
nitrite and ammonia, is attributable at least in part to the low branchial permeability of nitrate.30
These authors also noted that long-term exposure to nitrate at the EPA guideline of 10 ppm
QLWUDWH1IRUGULQNLQJZDWHUFDQDGYHUVHO\D൵HFWIUHVKZDWHUILVKLQFOXGLQJ5DLQERZWURXW
Cutthroat trout and Chinook salmon. Camargo et al. (2005) cited Kincheloe et al. (1979), who
reported elevated mortality of the larvae of these species in water containing 2.3 to 7.6 ppm
nitrate-N (i.e. 10 to 33.6 ppm, NO3-).31 Based on their review of the literature, Camargo et al.
(2005) recommended 2 ppm nitrate-N (i.e. 8.8 ppm NO3-) as a maximum water concentration to
protect the most sensitive freshwater species and 20 ppm nitrate-N (i.e. 88 ppm NO3-) as a likely
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maximum water concentration for the protection of saltwater species. However, Freitag et al.
 IRXQGQRGL൵HUHQFHLQVXUYLYDORI$WODQWLFVDOPRQHPEU\RVH[SRVHGWRPHDQQLWUDWH1
levels of 4 or 93 ppm (i.e. 17.7 and 411 ppm NO3-).32
Davidson et al. (2014) reported that rainbow trout exposed to 80 to 100 ppm nitrate-N (i.e.
354 to 442 ppm NO3-) for three months demonstrated chronic health and welfare impacts
including an increase in abnormal swimming behavior, increased swimming speeds, and mildly
reduced survival.33
Based on the results, these authors recommended 75 ppm nitrate-N (i.e. 332 ppm NO3-) as the
upper design limit for water recirculating aquaculture systems used for rainbow trout culture.
However, Davidson et al. (2017) reported no effects of chronic (8 months) exposure to 100 ppm
nitrate-N (i.e. 442 ppm NO3-) on survival, swimming behavior or any other measures of a
comprehensive set of health variables in post-smolt Atlantic salmon.34 Davidson et al. (2017)
concluded that post-smolt Atlantic salmon can be cultured humanely in aquaculture systems in
which the mean nitrate level is maintained at or below 100 ppm nitrate-N (i.e., 442 ppm NO3-).
As noted above, nitric acid serves as a nitrogen source and pH control agent in the culture
medium used to support the bacterial growth and protein synthesis on which the production of
FeedKind® depends. The final concentration nitrate in FeedKind® resulting from nitric acid
added to the medium at the start of bacterial growth period is expected to be negligible at the end
of this period primarily because most, if not essentially all, of the nitrate will be consumed by the
bacteria to synthesize amino acids and proteins. In any case, salmonid species are clearly tolerant
of nitrate-N concentrations in water at least up to 2 ppm (i.e. 8.8 ppm NO3-), and likely at much
higher concentrations (i.e. up to 100 ppm nitrate-N; 442 ppm NO3-), depending on the salinity of
the water, life-stage of the fish, and other factors evaluated in the published scientific literature
reviewed above. Thus, the contribution of any residual nitrate in FeedKind® resulting from the
use of nitric acid in the culture medium to the overall exposure of the fish to nitrates will be
negligible in recirculating aquaculture systems operated in accordance with good aquaculture
practice.
Defoamer authorization
Methylobacterium extorquens protein (“M. extorquens” or “KnipBio Meal”) appears, per
the unredacted portions of AGRN 00026, to use an ethylene oxide-propylene oxide block (EOPO) copolymer defoamer. See AGRN26, Appendix 2. The manufacturer of the defoamer used
in the manufacture of KnipBio Meal attested to the fact that the defoamer is authorized for use in
human food under 21 CFR § 173.340 and that FDA has taken an enforcement discretion policy
32
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for the use of defoamers authorized for use in human food when used in the manufacture of
animal feed. Id., AGRN 00026 Appendix 3 (the “Yingling Letter”). We understand that
defoamers listed in the Yingling Letter must meet other specifications on the list and, given
FDA’s letter of no objection, we presume, though we cannot confirm this, that the defoamer used
in the production of KnipBio Meal was on the lists in the Yingling Letter and complied with the
supplemental information – for EO-PO copolymers the Yingling Letter matches the listing in 21
CFR § 172.808, including CAS number (9003-11-6).
There is no practical difference between the defoamer used by KnipBio and that used by
Calysta (Glanapon 2000 KONZ) - the defoamer used by Calysta in the fermentation of Feedkind®
is also an EO-PO copolymer whose manufacturer attests that its use is authorized under 21 CFR
§§ 172.808 and 173.340 (including that the CAS number is 9003-11-6).
Beyond the EO-PO copolymer, Glanapon 2000 KONZ also incorporates rape seed oil and
fatty acids from rape seed oil, both of which are identified as GRAS by the manufacturer. Monoand diglycerides of rape seed oil (CAS 93763-31-6) are on the Yingling list and mono- and
diglycerides of edible fats or oils and edible fat forming acids are permitted for use in animal feed
for use as emulsifying agents consistent with good manufacturing and feeding practice, 21 CFR §
582.4505. It is well established and recognized that triglycerides are metabolized into mono- and
diglycerides as well as fatty acids – so the presence of rape seed triglycerides (a precursor) and
fatty acids from rape seed oil (a product) are as safe and suitable for use as a defoamer as rape
seed oil mono- and diglycerides.
We therefore conclude that Glanapon 2000 KONZ is safe and suitable for use as a defoamer
in the manufacture of FeedKind®.

Heavy Metal safety
With the exception of the components already identified as being used pursuant to
established regulatory authorizations (e.g. copper and zinc) or which are safe for use at the
levels contemplated (e.g. nickel ), there is no appreciable risk that heavy metals will be present
in the finished product as none of the inputs into the fermentation media are expected to contain
heavy metals at above negligible levels. 35 FeedKind® distributed in the United States will be
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There may be mercury present in natural gas as it leaves the ground, but, on the basis of
the US EPA risk assessment, we do not expect mercury to be present in the natural gas used to
manufacture FeedKind®. US EPA (2001) Mercury in petroleum and natural gas: estimation of
emissions from production, processing, and combustion. Available at:
https://cfpub.epa.gov/si/si public record report.cfm?Lab=NRMRL&dirEntryId=63480.
This risk assessment of mercury found in petroleum and natural gas in the United States
acknowledges that, while mercury is a natural component of natural gas, removal strategies are
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(b) (4)

Aerobic Plate Count (TVC)
(cfu/g)
Molds (cfu/g)
Yeasts (cfu/g)
Salmonella (/25 g)
Listeria species (/25 g)
Bacillus cereus (cfu/g)
Escherichia coli (cfu/g)
Pepsin digestibility (%)
Alanine (g/100 g) 37
Arginine (g/100 g)
Aspartic acid (g/100 g)
Glutamic acid (g/100 g)
Glycine (g/100 g)
Histidine (g/100 g)
Isoleucine (g/100 g)
Leucine (g/100 g)
Lysine (g/100 g)
Phenylalanine (g/100 g)
Proline (g/100 g)
Serine (g/100 g)
Threonine (g/100 g)
Tyrosine (g/100 g)
Valine (g/100 g)
Tryptophan (Total) (g/100 g)
Methionine (g/100 g)
Cysteine +Cystine (g/100 g)
Salt (from chloride) (g/100 g)
Ether Extract (g/100g)
Sodium (g/100 g)
Calcium (g/100 g)
Phosphorus (g/100 g)
Copper (mg/kg)
Zinc (mg/kg)
Manganese (mg/kg)
Iron (mg/kg)
Magnesium (g/100 g)

Table 7: Result of Nickel Analysis
BATCH NUMBER
Nickel (mg/kg)
37

TEES004/29

TEES004/29A

Amino acid content determined using AOAC 994.12.
28

TEES004/11

TEES005/28

(b) (4)

2.4

Stability Testing

Two separate samples of four individual lots of FeedKind£ have been stored under
controlled conditions for stability testing. Storage will continue for 156 weeks (which is longer
than the expected shelf life for FeedKind£) and will generate sufficient data to accurately set a
shelf life of FeedKind£. Samples have been chosen at random from different batches of
FeedKind£ during production runs on March 27, 2017 (TEES004/11), April 11, 2017
(TEES004/29 and TEES004/29a), and September 21, 2017 (TEES005/28). A single sample
from each batch was separated into 20 samples of 500g each. One sample was tested for the 0week timepoint and the remaining samples (9 each) were placed in temperature and humiditycontrolled cabinets at 25°C/60%RH to represent real time testing or 40°C/75%RH to represent
accelerated testing. The sample containers used are HDPE, to replicate the polyethylene bulk
sacks that may be used at a commercial scale. Holes have been drilled in the lids to allow air
into the sample container to represent leakage or absorption at full scale, such that all test
conditions represent ‘worst-case’ conditions. Only real time results are reported here as they are
most representative of actual shelf life conditions. Full interim results are available in
Appendix 1. Sample designations are given in Table 8.
Table 8: Samples for Stability Testing
Test Number

Batch

Stability Test 01

TEES004/29

Stability Test 03

TEES004/29a

Stability Test 05

TEES004/11

Stability Test 07

TEES005/28

Test Conditions
(b) (4)

* Not heat treated
Batch TEES004/29 was not subjected to the final UHT step in order to determine if this step
affected shelf-life. The testing plan is given in Table 9. Proximate testing refers to testing for
crude protein, crude fat, ash, moisture and crude fiber.
Table 9: Test Plan
Time

Testing

0 Weeks

Proximate, microbiology, amino acid profile,
fatty acid profile, biogenic amines

29

4 Weeks

Proximate, microbiology, biogenic amines

8 Weeks

Proximate, microbiology, biogenic amines

12 Weeks

Proximate, microbiology, biogenic amines

26 Weeks

Proximate, microbiology, biogenic amines

39 Weeks

Proximate, microbiology, biogenic amines

52 Weeks

Proximate, microbiology, amino acid profile,
fatty acid profile, biogenic amines

78 Weeks

Proximate, microbiology, biogenic amines

104 Weeks

Proximate, microbiology, amino acid profile,
biogenic amines, fatty acid profile

156 weeks

Proximate, microbiology, amino acid profile,
biogenic amines, fatty acid profile

Proximate and microbiological test results for real time testing through week 52 are available and
given in Table 10. Full test results including for accelerated testing through week 52 are
available in Appendix 1.
Table 10: 52 Week Stability Testing Results
Batch TEES004/29 25°C/60%RH (no UHT; real time)
Nutritional Analysis
Duration
(Weeks)

Moisture
(Max 10%)

Crude Fat
(Min 5%)

Crude Protein
(Min 68%)

Crude Fiber
(Max 1%)

Ash
(Max 12%)
(b) (4)

0
4
8
12
26
39

30

(b) (4)

52
Microbiological Analysis
Test Duration
(Weeks)

TVC
(Anaerobic
@ 30ºC)
cfu/g

TVC
(Aerobic @
30ºC) cfu/g

Yeasts cfu/g

Molds cfu/g

Test Duration
(Weeks)

(b) (4)

0
4
8
12
26
39
52
Batch TEES004/29a 25°C/60%RH (real time)
Duration
(Weeks)

Moisture
(Max 10%)

Crude Fat
(Min 5%)

Crude Protein
(Min 68%)

Crude Fiber
(Max 1%)

Ash
(Max 12%)
(b) (4)

0
4
8
12
26
39
52
Microbiological Analysis

38

This sample was inadvertently tested using a method that lacked sufficient precision.
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Test Duration
(Weeks)

TVC
(Anaerobic @
30ºC) cfu/g

TVC (Aerobic
@ 30ºC) cfu/g

Yeasts cfu/g

Moulds cfu/g
(b) (4)

0
4
8
12
26
39
52
BatchTEES004/11 25 C/60%RH
Nutritional Analysis
Duration
(Weeks)

Moisture
(Max 10%)

Crude Fat
(Min 5%)

Crude Protein
(Min 68%)

Crude Fiber
(Max 1%)

Ash
(Max 12%)
(b) (4)

0
4
8
12
26
39
52
Microbiological Analysis
Test Duration
(Weeks)

TVC (Anaerobic
@ 30ºC) cfu/g

TVC (Aerobic
@ 30ºC) cfu/g

Yeasts cfu/g

Moulds cfu/g
(b) (4)

0
4

32

(b) (4)

8
12
26
39
52
Batch TEES005/28 25oC/60%RH
Nutritional Analysis
Duration
(Weeks)

Moisture
(Max 10%)

Crude Fat
(Min 5%)

Crude Protein
(Min 68%)

Crude Fiber
(Max 1%)

Ash
(Max 12%)
(b) (4)

0
4
8
12
26
52
Microbiological Analysis
Test Duration
(Weeks)

TVC (Anaerobic
@ 30ºC) cfu/g

TVC (Aerobic
@ 30ºC) cfu/g

Moulds cfu/g
(b) (4)

0
4
8
12
26
3939

39

Yeasts cfu/g

Data for this sample at this time point is missing.
33

(b) (4)

52

The initial findings of the shelf life study show FeedKind£ to be a stable but hygroscopic
product. The data for real time storage when fully open to atmosphere support stability for at
least 52 weeks under normal conditions, and accelerated testing confirms that no safety issues
are observed with degraded product. The only significant changes observed in the composition
of the samples under either real-time or accelerated conditions are the moisture and protein
levels, although, aside from a single moisture level at 52 weeks that was (b) (4) instead of the
(b) (4)
maximum, they remain within specification for the real time aged product. It is also
important to note that the sample containers were open to atmosphere under the test conditions
such that water absorption from the atmosphere is not unexpected. As the FeedKind£ moisture
content increases, relatively less of the other components are present in the sample, consistent
with the amount of moisture gained diluting the other components. There is no significant
change in the protein level when calculated on a dry matter basis. The commercial packaging
for FeedKind£ will be sealed to help maintain the moisture and protein content within
specification.
In an older stability testing performed in 1994 (Appendix 2) on product manufactured
with the same bacteria and using the same methods, the storage of FeedKind® was monitored for
64 weeks at 22°C and 37°C. A 10 kg sample was divided into nine subsamples with one sample
being analyzed immediately. The remaining 8 subsamples were packed in airtight polyethylene
bags and stored in an incubator at the indicated temperature (4 each). Bags were removed and
analyzed at 4, 16, 32, and 64 weeks for moisture, crude protein, crude fat, free fatty acids, and
amino acids (cysteine, methionine, threonine, and lysine). The analyses indicated that the
moisture content changed over time (increased at 22°C and decreased at 37°C), but that protein as
a percent of dry matter remained steady. Slight decreases in crude fat and increases in free fatty
acids were observed and indicate a slow oxidative deterioration of fat over the storage period.
Though not all current specifications were tested, these results suggest satisfactory storage
stability for the proposed shelf life of 1 year for FeedKind® and that, when properly stored,
FeedKind® will not pick up substantial amounts of moisture from the atmosphere.
Further, because the more recent testing was performed under circumstances by which the
material was open to the atmosphere, we believe that the single out of specification moisture
measurement is a result of an overly-aggressive test protocol rather than an indication that, when
properly stored, the material is not viable up to (and beyond) 52 weeks.
With regard to the absence of nickel testing, because nickel is not expected to be gained or lost
during storage, the adherence to the new specification at the time of production is sufficient to
confirm adherence to this specification after long-term storage.
2.5

Information on the technical effect of FeedKind®

FeedKind® is a biomass to be used as a protein source for animal feed. FeedKind® is
intended for use in the species and at the levels listed in Section 1.4 above.
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Part 3 – Dietary exposure
FeedKind® will be included in formulated diets for salmonid species as a replacement for
traditional protein sources (e.g. soy meal, fish meal, etc.) at inclusion rates of up to 18%. Table
11 is a comparison of the essential amino acid content of FeedKind® and traditional protein
sources commonly found in animal feeds and indicates that FeedKind® is an appropriate
replacement for other sources of protein.
Table 11: Essential amino acid composition of protein sources for animal feed. (g/100g dry
matter)
Amino Acid

Fish Meal40

Soy Meal41

FeedKind®42

Arginine

4.0

3.43

4.35

Histidine

1.38

1.22

1.5

Isoleucine

2.65

2.1

3.04

Leucine

4.54

3.57

5.22

Lysine

4.78

2.99

3.9

Methionine

1.74

0.68

1.84

Phenylalanine

2.57

2.33

2.9

Threonine

2.83

1.85

2.92

Tryptophan

0.70

0.65

1.1

Tyrosine

2.07

0.40

1.78

Valine

3.00

2.26

3.84

Section 6 includes detailed summaries of well conducted safety studies on salmonids. The
No Observed Adverse Effect Levels (NOAELs) from those studies, as expressed as a percent of
the diet are:
40

Ween O, et al 2017. Nutritional and functional properties of fishmeal produced from fresh
by-products of cod (Gadus morhua L.) and saithe (Pollachius virens). Heliyon. 3(7): e00343
Ween et al is used because it is the most complete reference, but the values vary based on type of
fish used to generate the fish meal. For example: cod (Ween 2017) vs. pollock in Folador JF et
al. (2006) Fish meals, fish components, and fish protein hydrolysates as potential ingredients in
pet foods. J Anim Sci. 84: 2752-2765.
41
US Soybean Export Council (2015) https://ussec.org/wp-content/uploads/2015/10/USSoybean-Meal-Information.pdf
42
Average of three batch analysis in Table 6.
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x
x

Atlantic salmon: 19.3%
Rainbow trout: 18%

We conservatively utilize the lowest NOAEL of all of the salmonid species tested (18% in
rainbow trout) when determining the maximum use level. Exposure to FeedKind® will therefore
be no more than 18% of the diet for salmonids.

3.1 Human Exposure Through Consumption of Target Animals
None of the substances in FeedKind® fed to animals is expected to be transferred, intact,
to people consuming the edible products of any of the food-producing animals. The composition
of FeedKind® is like that of other common animal feeds, including amino acids, phospholipids,
and lipopolysaccharides. Therefore, FeedKind® consumed by the target animals will be digested
and converted to biomass and as such there is no expected exposure to FeedKind® for humans via
consumption of target animals fed FeedKind®.
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Part 4 – Self-limiting levels of use
Farmers, aquaculturists, and feed manufacturers using FeedKind® will limit the inclusion
of FeedKind® in feed to levels that will not harm or reduce growth rates in the animals being fed.
Use will be further limited to 18% in salmonid species, consistent with this GRAS Notice.
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Part 5 – Experience based on common use in food before 1958
N/A
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Part 6 – Narrative

6.1 Target Animal Safety Summary
Several published studies have evaluated the safety and efficacy of feed formulations
containing FeedKind®.43 These studies typically refer to the test article as “bacterial protein
meal” (BPM), which is the biomass product of a bacterial consortium grown on natural gas
(methane) as the sole carbon source. The consortium consists of a majority (~90%) of
Methylococcus capsulatus (Bath) with the remaining 10% consisting of three heterotrophic
strains: Cupriavidus sp. (previously Alcaligenes acidovorans DB3), Aneurinibacillus danicus
(previously Bacillus brevis DB4), and Brevibacillus agri (previously Bacillus firmus DB5), all
of which were isolated from mixed cultures growing on methane.44
The data and literature presented in this notification support Calysta's conclusion that use
of FeedKind® is safe and GRAS when incorporated at 18% or less of aquaculture feed for
salmonid species. This conclusion is corroborated by a number of studies described below, in
which salmonids were fed FeedKind® with no adverse effects and no effect on the growth of the
animals. This conclusion is also corroborated by ample evidence from the literature and other
experimental data derived by Calysta and others.
Regarding the use of FeedKind® in aquaculture, Calysta views Atlantic salmon and
rainbow trout as representative models for all salmonid species, including Arctic char and Coho
salmon, for example.45 Among the important considerations for defining representative species
include the life cycle, diet consumed in nature, physiology and metabolism, available background
information, and commercial relevance.
Calysta believes that the data from investigations of the common salmonids Oncorhynchus
mykiss (rainbow trout) and Salmo salar (Atlantic salmon) are sufficient to support the broader use
of the notified substance for all aquaculture feed for salmonid species, with these two test species
fulfilling all of the criteria required for covering all of the species of the phylogenetic family
Salmonidae, including the requirement that test subjects be well-studied, sensitive to testing, and
commercially-relevant.
Salmonid test species generally serve as good surrogates in nutritional studies because
species in this phylogenetic family are characteristically sensitive to allergenic substances added
to their diets. Gastrointestinal inflammation (gastroenteritis) is a well characterized effect
observed in salmonids fed diets containing terrestrial proteins such as soy protein. Salmonids (i.e.
43

The bacteria used for the test articles in the animal studies and for the product
manufactured today are the same strains and come from a culture bank. Aside from a slight
widening of tolerances for the pH and temperature of the fermenter, further the fermentation
parameters have not been changed. We may therefore conclude that the finished product is the
same.
44
As described in Section 3.2, BPM and FeedKind® are identical. The BPM nomenclature
is used as a vestige of the nomenclature used in some of the animal studies.
45
A similar approach was taken in AGRN 26 for application to all finfish species on the
basis of studies in several species.
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salmon and trout) represent a substantial fraction of the total commercial value for the industry
(Mente et al. 2006; Glencross et al. 2007; Gjedrem et al. 2012; Ababouch et al. 2016).
For these reasons, Calysta believes that the data and information presented on rainbow
trout and Atlantic salmon in this notification are sufficient to support the finding that the notified
substance is Generally Recognized as Safe for use in any aquaculture feed for salmonid species,
when incorporated at 18% or less of the feed.
6.1.1 Safety of the Microorganisms46
A detailed search of the public literature did not find any reports of pathogenicity,
infections, or toxin production by any of the members of the consortia utilized to produce
FeedKind®. Both old and new taxons were searched. Searches return hits for various Bacillus
species (i.e. anthracis and cereus) though there are no organisms currently classified as
“Bacillus” in FeedKind® and none of the hits for Bacillus species implicates the organisms in
FeedKind® as potential pathogens. A variety of Cupriavidus species have been reported to cause
opportunistic infections in humans. C. metallidurans47 and C. gilardii48 have been associated
with sepsis in elderly patients with other underlying pathology (diabetes, etc.). C. pauculus
appears to be associated with the most cases of human disease, with more than 30 cases reported
in the literature.49 While most cases are reported in the very young or very old with or without
underlying disease, several appear to be associated with otherwise apparently healthy patients.
The effects of C. pauculus infection appear to be more severe than those seen with other
Cupriavidus species with C. pauculus being associated with cases of meningitis, respiratory tract
infections, septicemia, and at least 3 deaths. As with the literature search hits for Bacillus, the
species of Cupriavidus for which the literature indicates potential pathogenicity are not the same
as is used in FeedKind®. There is a single report of a urinary tract infection (UTI) caused by a
Brevibacillus organism that was later determined to be Brevibacillus agri through 16s
sequencing. However, additional characterization of the strain which caused the infection
46

The data supporting the safety of the microorganisms can be found summarized in the
April 28, 1995 Scientific Committee for Animal Nutrition report, found in Appendix 3.
The accepted nomenclature for these bacteria has changed based on modern molecular (i.e.
sequencing) techniques. However, the bacteria used to produce FeedKind® has not changed
relative to those used to conduct the animal studies. Further, a recent literature search to confirm
that these bacteria are not known to be human or animal pathogens did not yield any new results
that might change the conclusion reached in 1995.
47
Langevin S, Vincelette J, Bekal S, and Gaudreau C. (2011) First case of invasive human
infection caused by Cupriavidus metallidurans. J. Clin. Microbiol. 49 (2): 744-745.
48
Kobayasi T, Nakamura I, Fujita H, Tsukimori A, Sato A, Fukushima S, Ohkusu K,
Matsumoto T. (2016) First case report of infection due to Cupriavidus gilardii in a patient without
immunodeficiency: a case report. BMC Infectious Diseases. 16: 493; Zhang Z, Deng W, Wang S,
XuL, Yan L, Liao P. (2017) First case report of infection caused by Cupriavidus gilardii in a nonimmunocompromised Chinese patient. IDCases. 10:127-129.
49
Yahya R, and Mushannen A. (2019) Cupriavidus pauculus as an emerging pathogen: a
mini-review of reported incidents associated with its infection. EC Pulmonology and Respiratory
Medicine 8(9): 633-638.
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piloerection and depression were seen in all dosed groups but were transient. Signs lasted for 3
hours, 1 day, and 3 days respective to increasing dose. Males generally exhibited signs for
longer than females, however one female in the highest dose group died approximately 1 hour
after dosing. No clinical signs of pathogenicity were observed during the study or during
necropsy.
Brevibacillus agri was administered intravenously to 5 male and female mice at doses of
(b) (4)
viable cells/kg bw. Animals were observed for 14 days and
then killed and subjected to pathological examination. Similar to Aneurinibacillus danicus,
clinical signs including piloerection and depression were seen in the medium and high dose
groups but were transient. Signs lasted for 1 day or 3 days respective to increasing dose. Males
generally exhibited signs for longer than females, however females exhibited a greater degree of
depression immediately after dosing. No clinical signs of pathogenicity were observed during the
study or during necropsy.
6.1.2 Salmonid Species
One freshwater and two saltwater feeding studies were performed in Atlantic salmon at
the Institute for Aquaculture Research in Norway and published in the peer-reviewed journal
Aquaculture from 2004 through 2006. These studies are summarized below.
In the freshwater study, Storebakken et al. (2004) fed groups of Atlantic salmon (Salmon
salar) (n=600/group; 3 groups/diet; average initial body weight 0.2 g/fry) 0%, 5%, 10%, 19.3%,
or 37% BPM equivalent to FeedKind® in the diet for 364 days, starting with the first feeding at
the fry stage of the life cycle. The BPM added to the feed replaced an equivalent amount of highquality fish meal in the feed in each group of exposed animals.53
After the first 112 days of exposure, the salmon fed 5% BPM exhibited the greatest
average body weight (bw = 3.69 ± 0.07 g) and specific growth rate (SGR =2.64 ± 0.02), both of
which were statistically significantly greater than the corresponding control values (i.e. bw = 3.44
± 0.22 g; SGR = 2.57 ± 0.06). 54 As well, the average bw and SGR were statisticallysignificantly elevated in the fish fed 5% BPM compared to fish fed BPM at any of the other
inclusion levels.55 Both of these parameters were statistically significantly reduced in the fish fed
37% BPM (bw = 2.63 ± 0.08; SGR = 2.33 ± 0.03), compared with controls. However, the SGRs
of Atlantic salmon fed 5%, 10% or 19.3% BPM for 112 days were not statistically-significantly
different from the SGR of the fish fed the control diet.

53

Storebakken T, et al. (2004) Bacterial protein grown on natural gas in diets for Atlantic
salmon, Salmo salar, in freshwater. Aquaculture. 241: 413-425.
54
Bulk weight of all fish in each tank was measured every 28 days, mean weight per fish (w)
was calculated from the bulk weight and the number of fish remaining in the tank, and specific
growth rate (SGR) was calculated; SGR = 100(ex-1), where x = (ln (wfinal – ln wstart) – ln wstart) ÷
days fed.
55
SGR of fish fed 5% BPM was 4.5%, 6.8% and 12% greater than the SGR for fish fed
BPM at 10%, 19.3%, and 37% in the diet, respectively, for 112 days.
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From day 113 to 253 of the exposure period, the SGRs were statistically significantly
lower in fish fed 19.3% BPM (SGR = 0.60 ± 0.05) and 37% BPM (SGR = 0.51 ± 0.05), compared
with controls (SGR = 0.74 ± 0.03). By comparison, the SGRs calculated for fish exposed to 5%
or 10% BPM were not statistically different from each other or from the control values.
However, from day 254 to 364, the SGRs calculated for fish fed 5%, 10%, or 19.3% BPM
were not statistically significantly different from controls and the final average body weights were
statistically significantly elevated compared with controls (e.g., bw = 46.2 ± 1.6 g for fish fed
19.3% BPM compared with 38.2 ± 3.0 g for controls). The final average bw and SGR were
statistically significantly reduced only for fish fed 37% BPM (bw = 28.0 ± 2.3 g; SGR = 0.82 ±
0.06), compared with controls (bw = 38.2 ± 3.0 g; SGR = 0.97 ± 0.03). Likewise, cumulative
survival rate for the day 113 to 364 exposure period was statistically significantly reduced only
for fish fed 37% BPM (98.0 ± 0.4%) compared with the controls (99.6 ± 0.00%).
In sum, bw and SGR values were indistinguishable or improved in salmon receiving feed
containing 5%, 10% or 19.3% BPM in the diet, compared with controls, over the first 112 days of
the exposure period in the study conducted by Storebakken et a. (2004). These values were
statistically significantly reduced during the exposure period extending from day 113 to day 252
but recovered to be indistinguishable from controls during the final period extending from day
254 to day 364. The reduced bw and SGR measurements observed over the 113-day to 252-day
period are attributable to two factors related to the experimental protocol of this study,
including:56
x
x

Infrequent size grading of the fish, which was done to keep undersized salmon in the
population and, thus, increase the probability of detecting any long-term histopathological
effects of BPM on the salmon
Pellet sizes too large for fish at earlier life stages, which should have been changed to
correspond with the increasing size of the fish, but the pellet sizes used were selected to
minimize the potential for feed batch variations to affect the results

Generally, there is substantial body size variability in farmed fish of the same age.
Periodically grading and sorting the fish based on body size enables feeding the fish food pellet
sizes that are appropriate for their body size, which improves feed conversion efficiency among
other beneficial effects of this practice. In comparison, Storebakken et al. (2004) graded and
sorted the fish only on day 253 of the exposure period. During the first 112 days of the exposure
period, Storebakken et al. (2004) fed the fish experimental diets that were prepared by coldpelleting the feed formulation through a 5-mm die on a laboratory mill, and then crumbling the
pellets with a coffee grinder and sieving the particles to produce the appropriate pellet sizes for
fish. From day 113 to day 364 of the exposure period, the fish received the diets that were coldpelleted through a 3-mm die, and these pellets were not crumbled before feeding to the fish.
Thus, the reduced average bw and SGR measurements calculated for the fish during day 113 to
day 252 of the exposure period are attributable to feeding the fish pellet sizes that were too large
for many, if not most, of the fish, especially during the early days of this period. The complete
recovery of the fish during the final day 252 to day 354 exposure period lend considerable weight
to this conclusion. Gut-to-body-weight ratio and whole-body fat tended to increase with
56

Storebakken T, et al. (2004) Bacterial protein grown on natural gas in diets for Atlantic
salmon, Salmo salar, in freshwater. Aquaculture. 241: 413-425.
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increasing dietary BPM concentration, and gut-to-body-weight ratios and liver-to-body weight
ratios were slightly, but statistically-significantly, elevated in the fish fed 37% BPM in the diet for
364 days. However, histological evaluations revealed no evidence of disease and no systematic
differences in the tissues of the fish exposed to 5% or 37% BPM for 252 days, except for reduced
hepatocellular vacuolization in the fish fed 37% BPM.57
Storebakken et al. (2004) assessed nutrient digestibility indirectly by feeding salmon
(n=50/group, 3 groups/concentration; mean body weight 60 g) diets containing 0%, 5%, 10%,
19.3%, or 37% BPM equivalent to FeedKind® for 14 days. Cr2O3 was added to the diets as a
marker before pelleting the formulations. As in the main study, the BPM added to the feed
replaced an equivalent amount of fish meal in the feed of each group of exposed animals. The
feces were collected by manual stripping after the exposure period. Total concentrations of
nitrogenous substances (including proteins and nucleic acids) and fat were measured in feces, and
apparent digestibility coefficients (ADCs) were calculated for nitrogenous compounds (i.e.
“nitrogen digestibility”) from the nutrient-to-marker ratios of the diet and the feces.
The ADCs for nitrogen digestibility were statistically significantly lower in the salmon
receiving BPM in the diet, compared with controls. The ADCs for nitrogen digestibility were
89.9%, 88.1%, 88.3%, 86.7%, and 84.2% for salmon receiving 0%, 5%, 10%, 19.3%, and 37%
BPM in the diet, respectively. Thus, the ADCs were lower than the control value by 1.8%, 1.6%,
3.2%, and 5.7% in the salmon fed diets containing 5%, 10% or 19.3%, and 37% FeedKind®,
respectively. The authors were able to fit the ADCs for nitrogen reasonably well to a straight line
(r=0.95) after omitting the ADC for the salmon exposed to 5% BPM. They estimated the nitrogen
digestibility to be 78.4% from this curve, assuming that 100% replacement of fish meal with BPM
in the diet.58 Although this estimate was not corrected for differences in the content of
nitrogenous non-protein substances (i.e. mainly nucleic acids, including 2.2% DNA and 7.3%
RNA in BPM), the authors indicated that this value represents the digestibility of crude protein
from BPM. They noted that this result is consistent with the 81.9% total nitrogen digestibility
reported by Skrede et al. (1998), who fed salmon BPM as the sole source of protein.59
The ADCs for fat digestibility were approximately 96.4%, 96.2%, 95.8%, and 95% for
salmon receiving 0%, 5%, 10%, 19.3% and 37% BPM in the diet, respectively. Although there
appears to be a downward trend in the ADC with increasing BPM, only the ADC for fat
digestibility for salmon fed 37% BPM was statistically significantly lower than the control value.
The authors noted that Storebakken et al. (1998) and others found no effect on the ADC for lipid
digestibility in salmon fed a diet in which BPM replaced fish meal. They noted that their results,
particularly in the animals fed the diet containing 37% BPM, may be attributable to the presence
of relatively high levels of non-starch polysaccharides, which are known to reduce the absorption
of fats in the diet.
57

Fish (n=10/2 of 3 replicate tanks/diet) exposed to 5% or 37% BPM for 252 days were
sampled for histological examination to include poorly growing fish that were discarded during
size grading.
58
ADC for nitrogen = 89.76-(0.113 x 100) = 78.46%;
59
Skrede A, Berge GM, Storebakken T, Herstad O, Aarstad KG, Sundstol F (1998).
Digestibility of bacterial protein grown on natural gas in mink, pigs, chicken, and Atlantic
salmon. Animal Feed Sci. Technol. 76(1-2): 103-116.
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In a saltwater experiment, Berge et al. (2005) fed groups of Atlantic salmon (n=1000/pen;
2 pens/diet; average initial body weight = 1.39 kg) 0%, 10%, or 20% BPM equivalent to
FeedKind® in the diet (equivalent to 0%, 17.2% and 33.1% dietary nitrogen, respectively) for 5
months.60 As in the freshwater study, the BPM added to the feed replaced an equivalent amount
of high-quality fish meal in the feed.61
During the initial 3 weeks of the exposure period, mortalities were frequent regardless of
the BPM content of the feed (i.e., 13.9 ± 1.3%, 17.3 ± 3.6% and 9.0 ± 0.1% at 0%, 10%, and 20%
BPM in the diet, respectively) but were not statistically significant among the control and BPMexposed groups. Mortality was low throughout the rest of the study. No statistically significant
effects were found on mean body weights, growth rates, feed intake, or feed conversion ratio
(FCR) measured after 2 months and after 5 months of exposure and analyzed by analysis of
variance (ANOVA).
However, Berge et al. (2005) noted that body weights and thermal growth coefficients
were inversely correlated with dietary BPM concentration at 2 months and 5 months when the
data were analyzed by linear regression.62 However, Aas et al. (2006a) re-analyzed the data
reported by Berge et al. (2005) and reported that there were no statistically significant differences
in the mean body weights of the fish fed 10% or 20% BPM in the diet for 2 months or 5 months,
compared with controls.63 Aas et al. (2006a) found that the only statistically-significant
difference in body weights was between the fish fed 10% BPM and those fed 20% BPM for 2
months, and there was no statistically significant difference in body weights between the fish fed
10% BPM and the fish fed 20% BPM at the end of the 5-month exposure period.
Carcass and visceral dry matter and visceral fat and dry matter contents were also
statistically-significantly inversely correlated with dietary BPM levels, but there were no
detectable effects on dressed-out carcass, liver, or intestine weight-to-body-weight ratios. There
appeared to be trends of decreasing digestibility of nitrogen, fat, and energy with increasing BPM
concentration in the diet, but none of the trends were statistically significant in ANOVA or
regression analysis of the data. There were no statistically significant differences in whole-body
nitrogen retention among any of the animal groups.
60

Berge GM, et al. (2005) Bacterial protein grown on natural gas as protein source in diets
for Atlantic salmon, Salmo salar, in saltwater. Aquaculture. 244: 253-240.
61
Daily feed intake was quantified for each pen as the difference between the ration fed and
the collected excess feed corrected for leaching in sea water. Salmon were counted and weighed
individually at the start of the experiment and 2, 4, and 5 months thereafter, and salmon were
sampled (n=10/pen at start and 5/pen thereafter) for body composition analyses. Salmon
(n=10/pen) were sampled for fat-content estimation via computerized tomography. Digestibility
was estimated based on the results of analyses of feces collected at 4 months and fish collected
(minimum n=60 fish samples pooled/pen). Histological examination and hematocrit
measurement were performed on fish collected after 5 months of exposure (n=5/pen).
62
At 5 months, mean body weights were 3889 ± 32, 3776 ± 101, 3649 ± 63 g/fish and
thermal growth coefficients were 2.89 ± 0.03, 2.79 ± 0.09, and 2.67 ± 0.00 for fish exposed to
0%, 10%, and 20% BPM in the diet, respectively.
63
Aas TS, et al. (2006a) Improved growth and nutrient utilization in Atlantic salmon (Salmo
salar) fed diets containing a bacterial protein meal. Aquaculture. 259: 365-376.
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Histological examinations indicated that the mucosa of the distal intestines was generally
normal, including absorptive vacuoles in the enterocytes of the intestinal folds and moderate
amounts of leucocytes infiltrating the mucosa and submucosa across the animal groups.
Only one fish, a male fed 10% BPM in the diet, exhibited severely inflamed intestinal
mucosa, heavy leucocyte infiltration of the mucosa, and no absorptive vacuoles, without the
reduction in mucosal-fold height reported to be induced by soybean meal.64 However, the body
weight and length of this fish was close to the tank means, and the fish had no external signs of
disease and had normal hematocrit measurements after 364 days of exposure to BPM. In general,
none of the fish examined exhibited signs of allergic reaction to BPM in the distal intestinal
mucosa, even those exposed to 20% BPM in the diet for 364 days, and all of the fish had
hematocrit measurements within the normal range.
Likewise, evaluation of carotenoid concentration and sensory characteristics of the flesh
showed no differences between controls and the fish fed BPM at any concentration.
Berge et al. (2005) used the same indirect method as Storebakken et al. (2004) to assess
the digestibility of nitrogen, fat, and energy, except that Y2O3 was used as the marker, rather than
Cr2O3. Salmon (n=60/pen minimum) were fed diets containing 0%, 10%, or 20% BPM for 4
months, after which fecal samples were collected by manual stripping and the samples from each
pen were pooled, homogenized and analyzed. The nutrient digestibility estimated for salmon
raised in inner pens were statistically significantly greater than the corresponding values
estimated for salmon raised in the outer pens, which is consistent with the observation that the
salmon in the inner pens were less stressed, because of reduced exposure to the open sea, than the
salmon in the outer pens. In any case, the were no statistically significant differences between the
exposed salmon and the controls in the ADC measurements for nitrogen (ADC = 86.8%, 84.9%,
and 83.1% for 0%, 10%, and 20% BPM, respectively), fat (ADC = 88.5%, 86.0%, and 84.0% for
0%, 10%, and 20% BPM, respectively), and energy (ADC = 84.4%, 82.0%, and 78.6% for 0%,
10%, and 20% BPM, respectively), and no statistically significant concentration-response
relationship was evident by regression analysis in this study.
Berge et al. (2005) found no statistically significant differences in nitrogen retention in the
salmon receiving BPM in the diet, compared with controls, or any evidence of a concentration
response trend in this parameter.
Like Storebakken et al (2004), Berge et al. (2005), noted that the mean ADCs for nitrogen
digestibility were lower in salmon fed BPM than in the controls (e.g., 83.1% in salmon fed 20%
BPM vs. 86.8% in salmon fed at 0% BPM in the diet). The ADCs for nitrogen digestibility
64

A related study showed that increasing dietary concentrations of BPM combined with 200
g/kg solvent-extracted soybean meal attenuated the typical soybean-meal-induced disturbances
REVHUYHGLQWKHGLVWDOLQWHVWLQHVRI$WODQWLFVDOPRQWKHOHYHOVRILQIODPPDWRU\UHJXODWRUV&'Į+
T lymphocytes and MHC II-reactive cells observed in the intestinal tissues of the soya-extractexpose animals were normalized by sufficient inclusion of BPM in the diet, the regulatory
mechanisms for these effects are not yet known. See Romarheim et al. (2012 online). Prevention
of soya-induced enteritis in Atlantic salmon (Salmo salar) by bacteria grown on natural gas is
GRVHGHSHQGHQWDQGUHODWHGWRHSLWKHOLDO0+&,,UHDFWLYLW\DQG&'Į+ intraepithelial
lymphocytes. Brit. J. Nutr. March 2013: 1-9.
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reported by Berge et al. (2005) for salmon receiving diets containing 0%, 10% and 20% BPM are
comparable to those reported by Storebakken et al. (2004) for salmon, which ranged from 84.2%
in salmon fed 37% BPM to 89.9% in salmon fed at 0% BPM in the diet. Like Storebakken et al.
(2004), Berge et al (2005) noted that their results illustrate a tendency for poorer digestibility of
the crude protein of BPM. However, Berge et al. (2005) acknowledged that a tendency for
reduced nitrogen digestibility of BPM, compared with high quality fish meal, can be attributed to
the presence in BPM of bacterial cell walls and membranes that are resistant to enzymatic
digestion.
In another saltwater experiment, Aas et al. (2006a) fed Atlantic salmon (n=18/group; 3
groups/diet; average initial body weight 170 g) 0%, 4.5%, 9%, 18%, or 36% BPM equivalent to
FeedKind® in the diet for 48 days.65 In a parallel digestibility study, salmon (n=3/group; initial
body weight 494 g) were fed 0%, 18%, or 36% BPM in the diet for 15 days. There were no
mortality or health problems observed in any of the fish exposed to BPM in the diet for up to 48
days.
The SGRs of the fish fed 18% or 36% BPM were statistically-significantly greater than
the rates of the controls or the fish fed 4.5% BPM.66 BPM did not affect feed intake.
Increased dietary BPM levels were also associated with reduced branchial67 and/or renal
nitrogen and energy losses and energy spent on activity and maintenance.68 The liver-to-bodyweight and viscera-to-body weight ratios were statistically-significantly lower in the salmon fed
4.5% and 4.5% or 9% BPM, respectively, compared to the controls and to the fish fed higher
concentrations of BPM in the diet.69
The copper concentrations were greater in the viscera of fish fed 36% BPM,70 but there
were no adverse effects of copper on growth or survival and no discernable differences in copper
or phosphorous concentrations in the liver or carcass, dry-matter, fat, nitrogen, ash, or energy
contents of the liver, viscera, or carcass, or amino acid content of the whole body. The authors
attributed the elevated visceral concentration of copper levels measured in the fish fed 36% BPM

65

Aas TS, et al.(2006a) Improved growth and nutrient utilization in Atlantic salmon (Salmo
salar) fed diets containing a bacterial protein meal. Aquaculture. 259: 365-376.
66
For example, body weights measured on day 52 averaged 33 ± 12.3, 327 ± 10.7 and 360 ±
3.2 g in fish exposed to 0%, 4.5%, and 36% BPM for 48 days, respectively.
67
Branchial means of or related to the gills.
68
The authors concluded that the reduction in the energy used for activity and maintenance
per kg body growth is attributable to the greater growth rates at the highest dietary BPM
concentrations tested.
69
For example, the liver-to-body ratios were 1.33 ± 0.04, 1.20 ± 0.02, and 1.38 ± 0.03 in fish
fed 0%, 4.5%, and 36% BPM, respectively; the corresponding viscera-to-body-weight ratios were
7.37 ± 0.13, 6.91 ± 0.16, and 7.52 ± 0.09, respectively.
70
Mean [Cu] = 0.1 ± 0.1 mg/kg and 0.2 ± 0.1 mg/kg in viscera of fish exposed to 0% and
36% dietary BPM, respectively.
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to the supplementary copper added to all of the diets in this study (5 mg/kg), as well as to the
greater copper content of the BPM compared to that of the fish meal used.71
Aas et al. (2006a) assessed nutrient digestibility by feeding salmon (20.4 kg
biomass/group, 3 groups/concentration; mean body weight 494 g) diets containing 0%, 18%, or
36% BPM equivalent to FeedKind® for 14 days. Y2O3 served as the marker. Like Berge et al.
(2005), Aas et al. (2006) calculated ADCs for nitrogen, lipid, and energy, as well as nitrogen
retention. In addition, Aas et al. (2006) calculated ADCs for individual amino acids and for the
sum of amino acids.
The ADCs calculated for nitrogen digestibility were consistent with those reported by
Storebakken et al. (2004) including lower values in the exposed animals compared with controls
and a downward trend with increasing BPM concentration in the diet (ADC for nitrogen = 87.8%,
86.6%, and 84.8% for 0%, 18%, and 36% BPM, respectively). In addition, Aas et al. (2006)
found comparable trends in the ADCs of individual amino acids, as well as in the ADCs for the
sum of amino acids. However, the ADCs for the sum of amino acids (ADC for sum of amino
acids = 90.7%, 89.3%%, and 87.6% for 0%, 18%, and 36% BPM, respectively) and ADCs for
individual amino acids were greater than the corresponding ADCs for nitrogen digestibility.
These results showed that using total nitrogen ADCs to represent the ADCs for protein or amino
acids results in the underestimation of these values for BPM. The authors suggested that this
effect may be attributable to the relatively indigestible cell walls in BPM, which are not present in
the high-quality fish meal used in these studies.
Furthermore, Aas et al. (2006a) found that ingested and digested nitrogen retention and
energy retention and ingested lipid retention were statistically significantly elevated in the salmon
fed diets containing 18% or 36% BPM, compared with controls. The authors attributed the
absence of adverse effects on mortality rates, growth rates and other indices of health in salmon
exposed to up to 36% BPM to the improved utilization of feed containing BPM.In addition to the
published studies in Atlantic salmon summarized above, there is a published study in another
species of the Salmonidae (salmonid) family, namely the rainbow trout. In the rainbow trout
(Oncorhynchus mykiss) experiment, Aas et al. (2006b) fed triplicate groups of the fish
(n=11/group; initial average body weight = 361 g) 0%, 9%, 18%, or 27% BPM equivalent to
FeedKind® or 9% BPM autolysate72 in the diet for 71 days. The BPM or BPM autolysate replaced
the equivalent levels of fish meal and starch of the base diet.73
One fish in the group receiving 27% BPM in the diet died. However, there were no
statistically significant differences after the 71-day exposure period across the groups in mean
71

Aas et al. (2006a) reported the copper concentration to be 87.9 ppm in the BPM tested; the
copper concentrations in the test diets containing 0%, 4.5%, 9%, 18%, and 36% BPM were 9.6
ppm, 14.4 ppm, 14.9 ppm, 20.4 ppm and 35.6 ppm, respectively.
72
Autolysis, aka self-digestion, is the destruction of cells through the action of the enzymes
of the cells. The authors provided no details about the production of the BPM autolysate used in
the study, except to note that the BPM autolysate and BPM represented two different batches of
bacterial biomass, which helps to explain some of the differences in the compositions of the two
products tested.
73
Aas TS, et al.(2006b). Effects of diets containing a bacterial protein meal on growth and
feed utilization in rainbow trout (Oncorhynchus mykiss). Aquaculture. 261: 357-368.
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body weights, SGRs, feed intake, or FERs, or liver- or viscera-to-body-weight ratios evaluated by
ANOVA. Regression analysis suggested increasing liver-to-body-weight ratio with increasing
dietary BPM content (p=0.044). However, the relationship between liver-to-body-weight ratio
and dietary BPM content did not appear to be linear (r2=0.35), indicating that this result may be a
statistical artifact.
There were no statistically significant differences in nitrogen, crude-lipid, dry-matter, ash,
or energy levels in the liver, carcass or viscera across the groups, except for a slightly elevated ash
content of the liver of the animals exposed to 27% BPM in the diet. There were no statistically
significant differences in the mineral contents of the liver, including copper, in the BPM-exposed
animals compared with the controls, and no effects on whole-body amino-acid composition,
based on ANOVA. Linear-regression analysis indicated increasing whole-body histidine and
decreasing whole-body methionine concentrations with increasing dietary BPM concentration.74
Uric acid levels in plasma were also elevated in trout exposed to 27% BPM, compared to
controls and trout exposed to 18% BPM in the diet.75 However, there were no exposure-related
effects on urea levels measured in plasma, liver or muscle.76
The ADCs for copper were lower than control values and for phosphorus greater than
control values for all groups exposed to BPM, and these differences were statistically
significant.77
There were no statistically significant differences in retention of digested lipid, energy,
nitrogen or amino acids among the groups. No exposure-related effects were found in the
ANOVA analysis of nitrogen-budget parameters, except for elevated fecal-nitrogen loss.
However, regression analysis indicated increasing nitrogen intake per kg body growth with
increasing dietary BPM concentration. Fecal energy loss also increased with increasing dietary
BPM content above 9%, and the energy used for activity and maintenance78 was greater in trout

74

For example, whole-body histidine concentrations were 2.79% ± 0.06% and 2.94% ±
0.05% in fish fed 0% and 27% BPM, respectively; the corresponding values for methionine were
3.30% ± 0.03% and 3.23% ± 0.01%, respectively.
75
Plasma uric acid concentrations were 29.04 ± 3.15, 29.56 ± 2.16, and 43.68 ± 4.47 mol/l
in fish receiving 0%, 18%, and 27% BPM in the diet, respectively.
76
The authors noted a previous study in Atlantic salmon fed high dietary levels of BPM that
found elevated urate oxidase activity in the liver and urea concentrations in the plasma, liver, and
muscle without statistically-significant elevations in plasma uric acid levels, indicating that uric
acid is less stable in trout than in Atlantic salmon; see Anderson et al. (2006). Purine-induced
expression of urate oxidase and enzyme activity in Atlantic salmon (Salmo salar); Cloning of
urate oxidase in liver cDNA from three teleost species and the African lungfish Protopterus
annectens. FEBS J. 273: 2839-2850.
77
For example, ADCs for copper were 73.2 ± 1.9 and 47.7 ± 3.7 for fish receiving 0% and
27% BPM, respectively; the corresponding values for phosphorus were 55.0 ± 0.7 and 63.9 ± 0.6,
respectively.
78
Energy cost of maintenance and activity was calculated as the difference between heat loss
and heat increment.
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evidence of colonic or intestinal inflammation, no indication of severe colitis or tissue destruction,
and no signs of secondary endotoxemia, pain, distress, or overt inflammation in these studies.
Christensen et al. (2003) showed that BPM-specific total Ig, IgA, IgG1, and IgG2A
antibodies were elevated in blood samples and BPM-specific IgA antibodies were elevated in
saliva samples from mice exposed to BPM in the diet.81 They noted also that: (1) IgG1 antibody
production is supported by T-helper cell type 2 (Th-2 cells) of humoral immunity, and (2) IgG2A
antibody production is supported by Th-1 cells of cell-mediated immunity. The sustainment of
IgG2A antibody levels observed after the cessation of exposure to BPM in this study suggests that
factors supporting the Th-1 response in these mice may be cleared less efficiently than those
supporting the Th-2 response. Th-1-type cytokines tend to produce pro-inflammatory responses
that can lead to tissue damage if excessive. Th-2-type cytokines, on the other hand, are associated
with anti-inflammatory responses. Thus, an optimum response to an immune challenge is
generally a balanced Th-1 and Th-2 response.
Furthermore, IgG2A antibodies may have affinity for lipopolysaccharides (LPS).
Christensen et al. (2003) noted that the main bacteria of BPM (M. capsulatus) contains LPS as an
integral part of the cell membrane, which are likely candidates as adjuvants in BPM. However,
Christensen et al. (2003) explained that LPS, which are abundant in the mucosal lumen, can
enhance oral tolerance rather than potentiate the immunogenicity of an antigen. On the other
hand, the sustained elevation of IgG2A antibody levels, accompanied by the decrease in IgG1
antibody in the blood of mice after the cessation of BPM exposure, as reported by Christensen et
al. (2003), suggests the potential that chronic exposure to BPM in the diet may pose a risk for
long-term inflammatory responses in mammalian species.
As noted above (Section 6.1.2. Salmonid Species), FeedKind® has been tested in Atlantic
Salmon in one freshwater and two saltwater feeding studies published in a peer-reviewed
journal.82 Among these studies, Storebakken et al. (2004) showed that there were no
histopathological changes in the anterior intestines, pyloric sacs or posterior intestines of Atlantic
salmon fed up to 37% BPM in the diet starting at the fry stage and for 252 days thereafter in
freshwater. As well, there were no histopathological changes observed in the cross section of the
carcass (muscle, skin, kidney) or the liver, except for reduced hepatocellular vacuolization in the
fish fed 37% BPM. Likewise, Berge et al (2005) found no histopathological changes in the
intestines of Atlantic salmon fed up to 20% BPM in the diet starting from 1.39 kg initial body
weight and for 150 days thereafter in seawater. Only one fish fed 10% BPM exhibited severely
inflamed intestinal mucosa, leucocyte infiltration of the mucosa, and absence of absorptive
vacuoles, but without the reduction in mucosal-fold height typical of the immunogenic response
81

Christensen HR, Larsen LC, Frokiaer H (2003). The Oral Immunogenicity of BioProtein,
a Bacterial Single-Cell Protein, is Affected by its Particulate nature, Brit. J. Nutr. 90: 169-178;
WBC-specific total Ig, IgG1, and IgG2A antibodies were not measured in the saliva samples in this
study.
82
Storebakken T, et al. (2004) Bacterial protein grown on natural gas in diets for Atlantic
salmon, Salmo salar, in freshwater. Aquaculture. 241: 413-425; Berge GM, et al. (2005) Bacterial
protein grown on natural gas as protein source in diets for Atlantic salmon, Salmo salar, in
saltwater. Aquaculture. 244: 253-240; Aas TS, et al. (2006a) Improved growth and nutrient
utilization in Atlantic salmon (Salmo salar) fed diets containing a bacterial protein meal.
Aquaculture. 259: 365-376.
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induced by soy protein in these fish. Furthermore, Aas et al. (2006) found increased copper
concentrations in the viscera of salmon fed 36% BPM in the diet for 48 days in seawater, but no
adverse effects on growth and survival, no effects on copper contents of any other tissues or on
energy contents of viscera or any other tissue. These authors attributed the elevated copper levels
in the viscera to the copper levels of the basal diet (5 ppm) plus the greater copper content BPM
(87.9 ppm) compared to the fish meal it replaced (3.7 ppm). Overall, these studies showed that
chronic exposure to diets containing up to 37% BPM does not induce an inflammatory response
in the intestines of salmon, in contrast to soybean meal extracts used as a protein source in
salmonid aquaculture.
Two scientific studies published in the peer-reviewed literature were performed to assess
the potential for dietary BPM to produce immunogenic or immunotoxicological effects in Atlantic
salmon. These studies are summarized below.
Romarhein et al. (2011) fed triplicate groups of juvenile Atlantic salmon (n=75/group;
initial mean body weight = 133 g/fish) control fish-meal diet (i.e. 0% solvent-extracted soybean
meal [SBM] and 0% BPM) or a diet in which the fish meal was incrementally replaced to contain
20% SBM, 30% BPM, or 20% SBM plus 30% BPM for 80 days.83 Conventional solventextracted SBM is considered to be a suitable protein source for farmed salmonids, although
dietary inclusion levels as low as 7.6% are known to cause SBM-enteritis in salmonid species,
which is characterized by inflammation of the distal intestines. The mechanism for this reversible
effect appears to involve impaired immune tolerance to SBM caused by alcohol-soluble
components of SBM, such as saponins.
As expected, the fish fed 20% SBM for 80 days in this study developed enteritis, lacked
carbonic anhydrase 12 in the epithelial cells of the brush border of the distal intestines,84 and had
greater numbers of epithelial cells reacting to proliferating nuclear antigen compared with the fish
fed the other diets. The fish fed control, 30% BPM, or 20% SBM plus 30% BPM showed no
signs of inflammation in the distal intestines on histopathological examination of the tissues.
Furthermore, the fish fed 20% SBM in the diet exhibited statistically-significantly reduced
final body weight, thermal growth coefficient (TCG), and FCR, compared to fish fed the control
diet. On the other hand, 30% BPM in diet resulted in a statistically significant increase in FCR but
no statistically significant differences in final body weight or TCG.85

83

Romarheim OH, et al. (2011) Bacteria grown on natural gas prevent soybean mealinduced enteritis in Atlantic salmon. J Nutr. 141: 124-130.
84
Carbonic anhydrases (CAs) are zinc metalloenzymes that catalyze the reversible hydration
of carbon dioxide, participate in a variety of biological processes, and are highly expressed in
normal tissues.
85
For example, final body weights were 362, 319, 344, and 328 g/fish for fish fed the
control, 20% SBM, 30% BPM, and 20% SBM plus 30% BPM diets, respectively.
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Digestibility of crude protein and lipids was statistically-significantly reduced in the fish
receiving 30% BPM in the diet, compared with controls,86 but total gut, liver, stomach, and midand distal-intestine weights, were elevated relative to body weight in these animals.87
The authors concluded that BPM counteracts or neutralizes SBM-induced enteritis in
Atlantic salmon.
In a follow-on study (Romarhein et al., 2012), duplicate groups of juvenile Atlantic
salmon (n=50/group; initial mean body weight = 273 g/fish) a control fish-meal diet (i.e. 0% SBM
and 0% BPM) or a diet in which the fish meal was incrementally replaced to contain 20% SBM
plus 0%, 2.5%, 5%, 10%, 15%, 20% or 30% BPM for 47 days.88 Only one fish died after the
experiment was started.
Fish fed 20% SBM in the diet developed SBM-enteritis, as expected, but this effect
decreased with increasing BPM levels in the diets containing 20% SBM. Likewise, the number of
FOXVWHUVRI&'Į+ intraepithelial lymphocytes in fish fed 20% SBM decreased with increasing
BPM inclusion levels.89 Morphometric evaluation revealed that intestinal stretches stained for
SUROLIHUDWLQJFHOOQXFOHDUDQWLJHQLQWKHILVKIHG6%0SOXV%30ZHUH
LQGLVWLQJXLVKDEOHIURPWKRVHRIILVKIHGWKHFRQWUROGLHWDVZDVWKHQXPEHURIFOXVWHUVRI&'Į+
intraepithelial lymphocytes at the base of the intestinal epithelium in fish fed 20% SBM plus
%306WDLQLQJIRUPDMRUKLVWRFRPSDWLELOLW\FRPSOH[FODVV,, 0+&,, UHYHDOHGQXPHURXV
reactive leucocytes in the brush border and other areas of the intestinal epithelium in salmonids
fed 20% SBM plus 0%, 1.2%, or 5% BPM, but this effect decreased in a concentration-dependent
manner in salmonids were fed 20% SBM plus 10%, 20% or 30% BPM. Single and isolated
lymphocyte aggregates consisting primarily of leucocytes were found in otherwise normal
intestines in 2 of 12 and 1 and 12 fish fed 20% SBM plus 20% BPM and 20% SBM plus 30%
BPM, respectively.
There were no significant differences in feed consumption or growth across all groups,
although 20% and 30% BPM in the diet were associated with slightly reduced protein
digestibility90 and increased relative weight of the distal intestines.91 The authors suggested that
86

Mean digestibility of crude protein was 86.6%, 86.1%, 83.3%, and 84.6% and mean
digestibility of crude lipid was 96.1%, 94.7%, 92.2%, and 95.7% for fish fed the control, 20%
SBM, 30% BPM, and 20% SBM plus 30% BPM diets, respectively.
87
For example, mean relative liver weights were 16.1, 15.3, 17.2, and 19.3 g/kg body weight
for fish fed the control, 20% SBM, 30% BPM, and 20% SBM plus 30% BPM diets, respectively.
88
Romarheim OH, et al. (2012). Prevention of soya-induced enteritis in Atlantic salmon
(Salmo salar) by bacteria grown on natural gas is dose dependent and related to epithelial MHC II
UHDFWLYLW\DQG&'Į+ intraepithelial lymphocytes. Br J Nutr. 109 (6): 1062-1070.
89
0RELOL]DWLRQRI&'Į7FHOOVLQGLFDWHVWKDW6%0LQGXFHGHQWHULWLVLVD7FHOOPHGLDWHG
inflammatory response to SBM.
90
The authors suggested that the reduced protein digestibility of BPM is attributable to cellwall components of BPM, as it is for yeast products fed to salmonids, as well as the extensive
intracytoplasmic membranes of M. capsulans grown on natural gas.
91
Mean crude-protein digestibility was 83.7%, 84.9%, 84.1%, 84.5%, 83.8%, 84.8%, 83.6%,
and 82.2% in fish fed 20% SBM plus 0%, 2.5%, 5%, 10%, 15%, 20% or 30% BPM, respectively,
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the continued increase in the relative weights of the distal intestines at dietary BPM levels greater
than levels that prevented SBM-induced enteritis indicates that BPM stimulates intestinal growth
in the affected fish. This could be because, for example, BPM contains relatively high purine and
pyrimidine levels that can serve as substrates supporting the growth of intestinal epithelial cells.
As in the previous experiment, there was no effect on the mean relative weights of the
total gut, liver, stomach, pyloric region or mid-intestines. The authors suggested that the
mechanism by which BPM counteracts pro-inflammatory responses in salmonids exposed to 20%
SBM in the diet is related to immune-system mechanisms that are also responsible for ensuring
tolerance to feed antigens and to commensal intestinal microbiota.
Overall, the results of studies of salmonid species chronically exposed to up to 37% BPM
in the diet are uniformly negative for any signs of an inflammatory response that can be attributed
to BPM exposure. These studies demonstrate that chronic exposures to BPM, even at very high
levels in the diet, do not produce the exposure-related chronic inflammatory responses suggested
based on the changes in antibody titers reported in mice orally exposed to BPM.
6.1.4 Liver Weight and Prothrombin Time
In two Scientific Opinions published in 2017, the European Food Safety Authority
(EFSA) Panel on Additives and Products or Substances in Animal Feed (FEEDAP) expressed
uncertainties about the safety of genetically-modified (GM) Escherichia coli (E. coli) and other
gram-negative bacterial biomasses intended to be fed to food producing mammalian species.92
Specifically, the EFSA Panel noted that the mechanisms for the increased liver weights reported
in pigs and reduced prothrombin time reported in multiple species fed biomasses produced by the
GM E. coli (gram negative) strains are not known. However, the Panel acknowledged that these
effects were small and clearly not attributable to the systemic absorption of endotoxins or
lipopolysaccharides (LPS) from these biomasses in the digestive tracts of the animals tested, and
dietary variation is a plausible explanation for the effects reported.
The Panel noted that other products derived from other gram-negative microorganisms
may pose similar issues, without citing evidence to implicate gram-negative organisms other than
E. coli as having any potential to cause adverse effects, and without providing any specific
rationale for this assertion. On the contrary, the Opinions of the EFSA Panel provided few or no
assertions that the E. coli biomasses would have adverse effects on the animals or on humans
ingesting products derived from food-producing animals fed these biomasses. The Panel’s

for 47 days; corresponding average distal-intestine-to-body-weight ratios were 5.8, 5.6, 5.2, 5.6,
6.3, 6.1, 6.8, and 7.0, respectively.
92
EFSA FEEDAP Panel (2017). Scientific Opinion on the safety and nutritional value of a
dried killed bacterial biomass from Escherichia coli (FERM BP-10941) (PL73 (LM)) as a feed
material for pigs, ruminants and salmonids. EFSA Journal. 15:4935. Available at:
https://doi.org/10.2903/j.efsa.2017.4935; EFSA FEEDAP Panel (2017). Scientific Opinion on the
safety and nutritional value of a dried killed bacterial biomass from Escherichia coli (FERM BP10942) (PT73 (TM)) as a feed material for pigs, ruminants and salmonids. EFSA Journal.15:4936.
Available at: https://doi.org/10.2903/j.efsa.2017.4936.
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conclusions in both Opinions stated that “the recipient strain E. coli K-12S B-7 is considered to be
safe.”
Like E. coli, the M. capsulatus that serves as an integral microorganism of the consortium
used to produce FeedKind® is a gram-positive bacterium. However, there is no evidence in any
of the numerous, substantial studies that have been performed with BPM, equivalent to
FeedKind®, in pigs, rats, and other mammalian species, as well as in salmonids, suggesting that
short-term or long-term exposures to FeedKind® is inherently dangerous or unsuited for use in
salmonids at the proposed feeding levels for these endpoints (i.e. increased liver weight or
decreased prothrombin time). There are biological, physiological and taxonomic differences
between M. capsulatus and E. coli. There is no evidence that M. capsulatus produces harmful
endotoxins, lipopolysaccharides (LPS), or any other substance identical or similar to such
substances produced by some strains of E. coli and other gram-negative microorganisms that are
known to be pathogens. There is no evidence in the literature implicating M. capsulatus as
having any pathogenic, toxic or other negative characteristics, as discussed in Section 6.1.1.
Furthermore, gram-negative microorganisms are used as fish feed or to produce fish feed
substances. For example, a species of M. extorquens is GRAS for use in fish feed (product name:
KnipBio; AGRN26).
6.1.5 Human Toxicity
None of the substances in FeedKind® fed to animals is expected to be transferred, intact,
to people consuming the edible products of any of the food-producing animals. The composition
of FeedKind® is like that of other common animal feeds, including amino acids, phospholipids,
and lipopolysaccharides. Therefore, FeedKind® consumed by the target animals will be digested
and converted to biomass and as such there is no expected exposure to FeedKind® for humans via
consumption of target animals. There is no evidence indicating that the nucleic acids in
FeedKind® would be incorporated into human food products to be transferred to consumers.
There is no evidence that any hazardous substances are formed during the production of
FeedKind®. Further, the effects observed in studies in which animals were fed diets containing
relatively high concentrations of FeedKind® (generally reduced growth rates and final body
weight) are not expected to affect the health of people consuming such products. Thus, the
human health risks associated with the consumption of products from animals fed FeedKind® are
negligible at the dietary concentrations tested in the studies summarized above.
6.1.6 Conclusion
Table 12 presents the NOAELs and LOAELs from the key safety studies summarized
above to support specific FeedKind® inclusion levels in diets for salmonid species, together with
brief statements of the adverse effects observed at each LOAEL.93

93

The critical effect is defined as the first adverse effect, or its known precursor, that occurs in a
test species as the dose or exposure concertation increases.
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Table 12: Safety study summaries for FeedKind® (BPM) inclusion rates
Critical Effect(s)

(% of diet)

Exposure
Duration
(days)

19.3

37

364

Reduced body weight, specific growth
rate, and survival rate

Storebakken et al. (2004)

Atlantic salmon

20

N/D*

150

None

Berge et al. (2005)

Atlantic salmon

36

N/D*

48

None

Aas et al. (2006a)

71

Reduced apparent digestibility
coefficients for N, lipid, energy, amino
acids; elevated energy used for activity
and maintenance

Aas et al. (2006b)

NOAEL

LOAEL

(% of diet)
Atlantic salmon

Species

Rainbow trout

18

27

Ref

*N/D = not determined; there were no adverse health effects observed at the highest dietary FeedKind® inclusion rate tested.
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The most conservative species-specific NOAELs determined from the results of the key
feeding studies include the following:
x
x

Atlantic salmon: 19.3%
Rainbow trout: 18%

The results of the studies indicate that the NOAEL for Atlantic salmon during the
saltwater phase of its lifecycle is 36%, which is nearly twice as high as the NOAEL observed
during the early or juvenile freshwater phase. The lower value reported for Atlantic salmon
during the freshwater phase can be attributed to testing with a feed pellet size too large for the
size of the fish and other experimental conditions, rather than to effects attributable specifically
to the FeedKind® in the feed. Nevertheless, Calysta utilizes the most conservative NOAEL
derived from well-conducted, well-reported studies, including a chronic- and two subchronicexposure studies on Atlantic salmon and a subchronic-exposure study on rainbow trout to
conclude that the studies summarized above support specific FeedKind® inclusion levels up to
18% in diets for salmonid species.
Therefore, we believe the above summarized data fully supports the safe use of
FeedKind® at inclusion rates not to exceed 18% in salmonid species.
6.1.7 Summary of Safety Argument; Assertion of GRAS Status
Calysta concludes that the generally available data and information that establish safety,
as discussed above, provide a basis that the notified substance is generally recognized among
qualified experts to be safe under the conditions of its intended use for the target animal species
and for humans consuming human food derived from food producing animals.
The notified substance is a fermentation of naturally occurring microorganisms that have
not been reported to be a safety concern in the company's literature searches. Manufacture of
FeedKind® will use a consistent growth medium with standard fermentation procedures. Raw
materials of suitable purity will be used in manufacture and manufacture will be occur under
Good Manufacturing Practice. There are not expected to be any impurities in FeedKind®
relevant to the health or safety of the target species to which FeedKind® will be fed. Finally, the
safety studies conducted by Calysta and others indicate that the product is safe for use at the
level contemplated.
Use of FeedKind® will not result in any adverse health effects in humans consuming
animals that have been fed FeedKind®, because humans will not be exposed to any unique
components or compounds. FeedKind® will be fully metabolized by the target species and, when
incorporated in the flesh of the target species, the amino acids and other components of
FeedKind® will be indistinguishable from the same components derived from other sources.
There are not expected to be any impurities that would impact the target species or which would
persist in the flesh of the target species and pose a risk to human health when consumed. Based
on the above, Calysta concludes that the notified substance is Generally Recognized as Safe for
use in aquaculture feed for salmonid species when used as an additive of up to 18% by weight in
the animal feed.
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6.2.

Basis for GRAS Conclusion for Intended Use of FeedKind®

As described above, the safety of FeedKind® for use in salmonid feed at the levels
indicated within this submission is demonstrated by published and supported by unpublished
toxicity studies and in supportive feeding studies.
6.3.

Safety of Constituents

FeedKind® is the only constituent for which a GRAS Notice is being submitted. Safety
of FeedKind® has been addressed above.

58

Part 7 – List of supporting data and information
Calysta has disclosed all safety data of which it is aware and have found none that is
inconsistent with the GRAS determination.
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Shelf Life Testing of FeedKind£ Interim Report
Introduction
Samples of FeedKind£ have been stored under controlled conditions for 52 weeks. Samples
remain under test conditions for each batch being tested and the final samples are expected
to be removed from test after 156 weeks. The shelf life trial will be conducted over 156
weeks which is longer than the expected shelf life of FeedKind £ and will generate sufficient
data to accurately predict the shelf life of FeedKind£. This interim report will focus on the
stability of the proximate components of FeedKind £ crude protein, crude fat, crude fibre,
ash and moisture. The final report will include details of the amino acids, fatty acids and
microbiology over the full test period.

Experimental plan
Samples have been chosen at random from different batches of FeedKind£ produced at the
Teesside UK Market Introduction Facility (MIF) during each production run:
Reference Number
Stability Test 01
Stability Test 02
Stability Test 03
Stability Test 04
Stability Test 05
Stability Test 06
Stability Test 07
Stability Test 08

Batch
TEES004/29
TEES004/29
TEES004/29a
TEES004/29a
TEES004/11
TEES004/11
TEES005/28
TEES005/28

Test Conditions
25oC/60%RH*
40oC/75%RH*
25oC/60%RH
40oC/75%RH
25oC/60%RH
40oC/75%RH
25oC/60%RH
40oC/75%RH

Start Date
12 October 2017
12 October 2017
18 October 2017
18 October 2017
19 October 2017
19 October 2017
10 January 2018
10 January 2018

*Not heat killed.
The MIF broth is processed through a heat kill step before spray drying to kill any active
bacteria this step was omitted on TEES004/29 as a trial to investigate if removing the heat
kill step has an impact on the final FeedKind£.
A single bag from each batch was separated into 20 X 500g samples one sample was tested
and the remaining samples placed in temperature and humidity controlled cabinets at
25oC/60%RH and 40oC/75%RH.
The sample containers used are HDPE, to replicate the PE bulk sacks that may be used at a
commercial scale. Holes have been drilled in the lids to allow air into the sample container
to represent leakage or absorption at full scale.
The sample plan below is being followed:
0 Weeks
Proximate, microbiology, amino acid profile, fatty acid profile,
biogenic amines.
4 Weeks
Proximate, microbiology, biogenic amines.
8 Weeks
Proximate, microbiology, biogenic Amines.

12 Weeks
26 Weeks
39 Weeks
52 Weeks
78 Weeks
104 Weeks
156 weeks

Proximate, microbiology, biogenic Amines.
Proximate, microbiology, biogenic Amines.
Proximate, microbiology, biogenic Amines.
Proximate, microbiology, amino acid profile, fatty acid profile,
biogenic amines.
Proximate, microbiology, biogenic amines.
Proximate, microbiology, amino acid profile, fatty acid profile,
biogenic amines.
Proximate, microbiology, amino acid profile, fatty acid profile,
biogenic amines.

NOTE: Proximate testing is for crude protein, crude fat, ash, moisture and crude fibre.

Results
The results summary below includes data for the proximate testing on all the samples under
test for the first 12 months of the stability test.
Stability Test 01

TEES004/29

25oC/60%RH

Test Duration Moisture % Crude Fat % Crude Protein % Crude Fibre % Ash %
Weeks
Max 8%
Min 5%
Min 68%
Max 1%
Max 12%
(b) (4)
0
4
8
12
26
39
52
Table 1
Stability Test 02

TEES004/29

40oC/75%RH

Test Duration Moisture % Crude Fat % Crude Protein % Crude Fibre % Ash %
Weeks
Max 8%
Min 5%
Min 68%
Max 1%
Max 12%
(b) (4)
0
4
8
12
26
39
52
Table 2

Stability Test 03

TEES004/29a 25oC/60%RH

Test Duration Moisture % Crude Fat % Crude Protein % Crude Fibre % Ash %
Weeks
Max 8%
Min 5%
Min 68%
Max 1%
Max 12%
(b) (4)
0
4
8
12
26
39
52
Table 3
Stability Test 04

TEES004/29a 40oC/75%RH

Test Duration Moisture % Crude Fat % Crude Protein Crude Fibre % Ash %
Weeks
Max 8%
Min 5%
Min 68%
Max 1%
Max 12%
(b) (4)
0
4
8
12
26
39
52
Table 4
Stability Test 05

TEES004/11

25oC/60%RH

Test Duration Moisture % Crude Fat % Crude Protein % Crude Fibre % Ash %
Weeks
Max 8%
Min 5%
Min 68%
Max 1%
Max 12%
(b) (4)
0
4
8
12
26
39
52
Table 5

Ian Higgins
Michelle Lindley
May 2019

Supplemental FeedKind£ Shelf Life Report
Introduction
Samples of FeedKind£ have been stored under controlled conditions for 52 weeks. Samples
remain under test conditions for each batch being tested and the final samples are expected
to be removed from test after 156 weeks. The shelf life trial will be conducted over 156
weeks which is longer than the expected shelf life of FeedKind£ and will generate sufficient
data to accurately predict the shelf life of FeedKind£. This supplemental report will focus on
the stability of the amino acids, fatty acid, biogenic amines and microbiology of FeedKind£.
The final report will be issued when the samples have completed the full test period of 156
weeks.

Experimental Plan
Samples have been chosen at random from different batches of FeedKind £ produced at the
Teesside UK Market Introduction Facility (MIF) during each production run:
Reference Number
Stability Test 01
Stability Test 02
Stability Test 03
Stability Test 04
Stability Test 05
Stability Test 06
Stability Test 07
Stability Test 08

Batch
TEES004/29
TEES004/29
TEES004/29a
TEES004/29a
TEES004/11
TEES004/11
TEES005/28
TEES005/28

Test Conditions
25oC/60%RH*
40oC/75%RH*
25oC/60%RH
40oC/75%RH
25oC/60%RH
40oC/75%RH
25oC/60%RH
40oC/75%RH

Start Date
12 October 2017
12 October 2017
18 October 2017
18 October 2017
19 October 2017
19 October 2017
10 January 2018
10 January 2018

*Not heat killed.
The MIF broth is processed through a heat kill step before spray drying to kill any active
bacteria this step was omitted on TEES004/29 as a trial to investigate if removing the heat
kill step has an impact on the final FeedKind£.
A single bag from each batch was separated into 20 X 500g samples one sample was tested
and the remaining samples placed in temperature and humidity controlled cabinets at
25oC/60%RH and 40oC/75%RH.
The sample containers used are HDPE, to replicate the PE bulk sacks that may be used at a
commercial scale. Holes have been drilled in the lids to allow air into the sample container
to represent leakage or absorption at full scale.
The sample plan below is being followed:
0 Weeks
Proximate, microbiology, amino acid profile, fatty acid profile,

4 Weeks
8 Weeks
12 Weeks
26 Weeks
39 Weeks
52 Weeks
78 Weeks
104 Weeks
156 weeks

biogenic amines.
Proximate, microbiology, biogenic amines.
Proximate, microbiology, biogenic Amines.
Proximate, microbiology, biogenic Amines.
Proximate, microbiology, biogenic Amines.
Proximate, microbiology, biogenic Amines.
Proximate, microbiology, amino acid profile, fatty acid profile,
biogenic amines.
Proximate, microbiology, biogenic amines.
Proximate, microbiology, amino acid profile, fatty acid profile,
biogenic amines.
Proximate, microbiology, amino acid profile, fatty acid profile,
biogenic amines.

NOTE: Proximate testing is for crude protein, crude fat, ash, moisture and crude fibre.

Amino acid results summary up to 52 week time point.
ST01 TEES004/29 25oC/ 60%RH
Weeks
0
52

Cystine %
0.4

Aspartic % Methionine %
5.7
1.7

Weeks Iso-Leucine % Leucine %
0
2.9
5.0

Tyrosine %
1.6

Threonine %
2.9

Serine %
2.2

Phenylalanine % Histidine %
2.8
1.4

Glutamic % Glycine % Alanine %
7.3
3.4
4.6

Lysine %
3.7

52

Valine %
3.6
(b) (4)

Arginine % Proline % Tryptophan %
4.2
2.8
1.0
(b) (4)

Table 1

ST02 TEES004/29 40oC/ 75%RH
Weeks
0
52

Cystine %
0.4

Aspartic % Methionine %
5.7
1.7

Weeks Iso-Leucine % Leucine %
0
2.9
5.0

Tyrosine %
1.6

Threonine %
2.9

Serine %
2.2

Phenylalanine % Histidine %
2.8
1.4

Glutamic % Glycine % Alanine %
7.3
3.4
4.6

Lysine %
3.7

52

Valine %
3.6
(b) (4)

Arginine % Proline % Tryptophan %
4.2
2.8
1.0
(b) (4)

Table 2

ST03 TEES004/29a 25oC/ 60%RH
Weeks
0
52

Cystine %
0.4

Aspartic % Methionine %
5.8
1.7

Weeks Iso-Leucine % Leucine %
0
3.0
5.1
52

Tyrosine %
1.7

Threonine %
2.9

Serine %
2.2

Phenylalanine % Histidine %
2.9
1.5

Glutamic % Glycine % Alanine %
7.5
3.4
4.7

Lysine %
3.8

Valine %
3.7
(b) (4)

Arginine % Proline % Tryptophan %
4.3
2.8
0.9
(b) (4)

Table 3

ST04 TEES004/29a 40oC/ 75%RH
Weeks
0
52

Cystine %
0.4

Aspartic % Methionine %
5.8
1.7

Weeks Iso-Leucine % Leucine %
0
3.0
5.1
52

Tyrosine %
1.7

Threonine %
2.9

Serine %
2.2

Phenylalanine % Histidine %
2.9
1.5

Glutamic % Glycine % Alanine %
7.5
3.4
4.7

Lysine %
3.8

Valine %
3.7
(b) (4)

Arginine % Proline % Tryptophan %
4.3
2.8
0.9
(b) (4)

Table 4

ST05 TEES004/11 25oC/ 60%RH
Weeks
0
52

Cystine %
0.4

Aspartic % Methionine %
5.6
1.7

Weeks Iso-Leucine % Leucine %
0
2.9
5.0
52

Tyrosine %
1.5

Threonine %
2.9

Serine %
2.2

Phenylalanine % Histidine %
2.8
1.4

Glutamic % Glycine % Alanine %
7.3
3.3
4.5

Lysine %
3.6

Valine %
3.6
(b) (4)

Arginine % Proline % Tryptophan %
4.1
2.8
0.9
(b) (4)

Table 5

ST06 TEES004/11 40oC/ 75%RH
Weeks
0
52

Cystine %
0.4

Aspartic % Methionine %
5.6
1.7

Weeks Iso-Leucine % Leucine %
0
2.9
5.0
52

Tyrosine %
1.5

Threonine %
2.9

Serine %
2.2

Phenylalanine % Histidine %
2.8
1.4

Glutamic % Glycine % Alanine %
7.3
3.3
4.5

Lysine %
3.6

Valine %
3.6
(b) (4)

Arginine % Proline % Tryptophan %
4.1
2.8
0.9
(b) (4)

Table 6

ST07 TEES005/28 25oC/ 60%RH
Weeks
0
52

Cystine %
0.4

Aspartic % Methionine %
6.4
1.9

Weeks Iso-Leucine % Leucine %
0
3.3
5.5
52

Tyrosine %
2.0

Threonine %
3.2

Serine %
2.4

Phenylalanine % Histidine %
3.1
1.6

Glutamic % Glycine % Alanine %
7.9
3.7
5.1

Lysine %
4.2

Valine %
4.1
(b) (4)

Arginine % Proline % Tryptophan %
4.5
3.0
(b) (4)

Table 7

ST08 TEES005/28 40oC/ 75%RH
Weeks
0
52

Cystine %
0.4

Aspartic % Methionine %
6.4
1.9

Weeks Iso-Leucine % Leucine %
0
3.3
5.5
52

Tyrosine %
2.0

Threonine %
3.2

Serine %
2.4

Phenylalanine % Histidine %
3.1
1.6

Glutamic % Glycine % Alanine %
7.9
3.7
5.1

Lysine %
4.2

Valine %
4.1
(b) (4)

Arginine % Proline % Tryptophan %
4.5
3.0
(b) (4)

Table 8

Amino Acid Discussion
The amino acid profile of the samples being tested under both storage conditions showed
no significant changes in the first 52 weeks of the shelf life study.
The amino acid profile will be tested again at the 104 & 156 week time points.

Fatty acid profile results summary up to 52 week time point.
ST01 TEES004/29 25oC/ 60%RH

Weeks Unidentified % Saturated % Monounsaturated % Polyunsaturated %
0
1.79
3.50
2.17
0.07
(b) (4)
52
Table 9

ST02 TEES004/29 40oC/ 75%RH

Weeks Unidentified % Saturated % Monounsaturated % Polyunsaturated %
0
1.58
3.53
2.42
0.00
(b) (4)
52
Table 10

ST03 TEES004/29a 25oC/ 60%RH

Weeks Unidentified % Saturated % Monounsaturated % Polyunsaturated %
0
1.91
3.40
2.38
0.03
(b) (4)
52
Table 11

ST04 TEES004/29a 40oC/ 75%RH

Weeks Unidentified % Saturated % Monounsaturated % Polyunsaturated %
0
1.91
3.40
2.38
0.03
(b) (4)
52
Table 12

ST05 TEES004/11 25oC/ 60%RH

Weeks Unidentified % Saturated % Monounsaturated % Polyunsaturated %
0
2.14
3.36
2.28
0.03
(b) (4)
52
Table 13

ST06 TEES004/11 40oC/ 75%RH

Weeks Unidentified % Saturated % Monounsaturated % Polyunsaturated %
0
2.14
3.36
2.28
0.03
(b) (4)
52
Table 14

ST07 TEES005/28 25oC/ 60%RH
Weeks

0
52

Unidentified % Saturated % Monounsaturated % Polyunsaturated %
1.58
3.15
2.36
0.02
(b) (4)

Table 15

ST08 TEES005/28 40oC/ 75%RH

Weeks Unidentified % Saturated % Monounsaturated % Polyunsaturated %
0
1.58
3.15
2.36
0.02
(b) (4)
52
Table 16

Fatty Acid Discussion
The fatty acids profile showed no significant changes over the first 52 weeks of the shelf life
test. The fatty acid profile will be tested again at the 104 & 156 weeks time points.

Biogenic amine results summary up to 52 Week time point.
ST01 TEES004/29 25oC/ 60%RH
Duration Putrescine Histamine Cadaverine Spermidine Tyramine Spermine
Weeks
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
<5
<5
231
5150
<5
<5
0
(b) (4)
4
8
12
26
39
52
Table 17

ST02 TEES004/29 40oC/ 75%RH
Duration Putrescine Histamine Cadaverine Spermidine Tyramine Spermine
Weeks
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
<5
<5
231
5150
<5
<5
0
(b) (4)
4
8
12
26
39
52
Table 18

ST03 TEES004/29a 25oC/ 60%RH
Duration Putrescine Histamine Cadaverine Spermidine Tyramine Spermine
Weeks
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
<5
<5
7
4599
<5
<5
0
(b) (4)
4
8
12
26
39
52
Table 19

ST04 TEES004/29a 40oC/ 75%RH
Duration Putrescine Histamine Cadaverine Spermidine Tyramine Spermine
Weeks
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
<5
<5
7
4599
<5
<5
0
(b) (4)
4
8
12
26
39
52
Table 20

ST05 TEES004/11 25oC/ 60%RH
Duration Putrescine Histamine Cadaverine Spermidine Tyramine Spermine
Weeks
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
<5
<5
<5
4471
<5
<5
0
(b) (4)
4
8
12
26
39
52
Table 21

ST06 TEES004/11 40oC/ 75%RH
Duration Putrescine Histamine Cadaverine Spermidine Tyramine Spermine
Weeks
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
<5
<5
<5
4471
<5
<5
0
(b) (4)
4
8
12
26
39
52
Table 22

ST07 TEES005/28 25oC/ 60%RH
Duration Putrescine Histamine Cadaverine Spermidine Tyramine Spermine
Weeks
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
0
<5
<5
<5
4953
<5
<5
(b) (4)
4
8
12
26
52
Table 23

ST08 TEES005/28 40oC/ 75%RH

Duration Putrescine Histamine Cadaverine Spermidine Tyramine Spermine
Weeks
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
0
<5
<5
<5
4953
<5
<5
(b) (4)
4
8
12
26
52
Table 24

Biogenic Amine Discussion
The putrescine concentration starts to increase after 26 weeks on test however the
spermidine concentration decreases over time. The other biogenic amines histamin,
cadaverine, tyramine and spermine remained below detection limits.
Cadaverine is present in ST01 and ST02 which is the material which was not heat killed
during production the concentration of cadaverine will be monitored for the duration of the
shelf life study.
The biogenic amines will be tested again at the 78, 104 & 156 weeks time points.

Microbiology results summary up to 52 week time point.
Stability Test 01
Test Duration (Weeks)
0
4
8
12
26
39
52

TEES004/29

25oC/60%RH

TVC (Anaerobic @ 30ºC) cfu/g TVC (Aerobic @ 30ºC) cfu/g Yeasts cfu/g Moulds cfu/g
6100
170000
<10
40
(b) (4)

Table 25

Stability Test 02
Test Duration (Weeks)
0
4
8
12
26
39
52

TEES004/29

40oC/75%RH

TVC (Anaerobic @ 30ºC) cfu/g TVC (Aerobic @ 30ºC) cfu/g Yeasts cfu/g Moulds cfu/g
6100
170000
<10
40
(b) (4)

Table 26

Stability Test 03
Test Duration (Weeks)
0
4
8
12
26
39
52

TEES004/29a 25oC/60%RH
TVC (Anaerobic @ 30ºC) cfu/g TVC (Aerobic @ 30ºC) cfu/g Yeasts cfu/g Moulds cfu/g
280
350
<10
10

(b) (4)

Table 27

Stability Test 04
Test Duration (Weeks)
0
4
8
12
26
39
52

TEES004/29a 40oC/75%RH
TVC (Anaerobic @ 30ºC) cfu/g TVC (Aerobic @ 30ºC) cfu/g Yeasts cfu/g Moulds cfu/g
280
350
<10
10
(b) (4)

Table 28

Stability Test 05
Test Duration (Weeks)
0
4
8
12
26
39
52

TEES004/11

25oC/60%RH

TVC (Anaerobic @ 30ºC) cfu/g TVC (Aerobic @ 30ºC) cfu/g Yeasts cfu/g Moulds cfu/g
170
240
<10
<10
(b) (4)

Table 29

Stability Test 06
Test Duration (Weeks)
0
4
8
12
26
39
52

TEES004/11

40oC/75%RH

TVC (Anaerobic @ 30ºC) cfu/g TVC (Aerobic @ 30ºC) cfu/g Yeasts cfu/g Moulds cfu/g
170
240
<10
<10
(b) (4)

Table 30

Stability Test 07
Test Duration (Weeks)
0
4
8
12
26
52

TEES005/28

25oC/60%RH

TVC (Anaerobic @ 30ºC) cfu/g TVC (Aerobic @ 30ºC) cfu/g Yeasts cfu/g Moulds cfu/g
10
20
70
<10

(b) (4)

Table 31

Stability Test 08

Test Duration (Weeks)
0
4
8
12
26
52

TEES005/28

40oC/75%RH

TVC (Anaerobic @ 30ºC) cfu/g TVC (Aerobic @ 30ºC) cfu/g Yeasts cfu/g Moulds cfu/g
10
20
70
<10
(b) (4)

Table 32

Discussion
Overall there is no significant change in the microbiology of the samples under test. There is
an increase in total viable count (TVC) at weeks 26 and 52 for Stability tests 07 and 08.
Nevertheless, more time points are required to determine if this is a significant trend. A high
number of yeasts was observed at week 12 in Stability test 08. However, compared to the
results from other time points in this test, it appears spurious in nature.
The microbiological activity in the samples will be tested again at the 78, 104 & 156 weeks
time points.

Conclusion
The initial findings of the shelf life study show FeedKind £ to have a stable amino acid and
fatty acid profile. No significant change has been observed in the biogenic amines and
microbiological components of the samples under test.
The final report will be issued when the shelf life tests have been completed.

Shelf Life Testing of FeedKind£ Interim Micro Report
Introduction
Samples of FeedKind£ have been stored under controlled conditions for 52 weeks. Samples
remain under test conditions for each batch being tested and the final samples are expected
to be removed from test after 156 weeks. The shelf life trial will be conducted over 156
weeks which is longer than the expected shelf life of FeedKind£ and will generate sufficient
data to accurately predict the shelf life of FeedKind£.
This interim report covers the microbiology results of the study to date.

Results
Stability Test 01
Test Duration (Weeks)
0
4
8
12
26
39
52
78

Stability Test 02

Test Duration (Weeks)
0
4
8
12
26
39
52

TEES004/29

25oC/60%RH

TVC (Anaerobic @ 30ºC) cfu/g
6100

TVC (Aerobic @ 30ºC)
cfu/g
170000

Yeasts
cfu/g
<10

Moulds
cfu/g
40
(b) (4)

TEES004/29

40oC/75%RH

TVC (Anaerobic @ 30ºC) cfu/g
6100

TVC (Aerobic @ 30ºC)
cfu/g
170000

Yeasts
cfu/g
<10

Moulds
cfu/g
40
(b) (4)

Stability Test 03

Test Duration (Weeks)
0
4
8
12
26
39
52

Stability Test 04

Test Duration (Weeks)
0
4
8
12
26
39
52

Stability Test 05

Test Duration (Weeks)
0
4
8
12
26
39

TEES004/29a 25oC/60%RH

TVC (Anaerobic @ 30ºC) cfu/g
280

TVC (Aerobic @ 30ºC)
cfu/g
350

Yeasts
cfu/g
<10

Moulds
cfu/g
10
(b) (4)

TEES004/29a 40oC/75%RH

TVC (Anaerobic @ 30ºC) cfu/g
280

TVC (Aerobic @ 30ºC)
cfu/g
350

Yeasts
cfu/g
<10

Moulds
cfu/g
10
(b) (4)

TEES004/11

25oC/60%RH

TVC (Anaerobic @ 30ºC) cfu/g
170

TVC (Aerobic @ 30ºC)
cfu/g
240

Yeasts
cfu/g
<10

Moulds
cfu/g
<10
(b) (4)

(b) (4)

52

Stability Test 06

Test Duration (Weeks)
0
4
8
12
26
39
52

Stability Test 07

Test Duration (Weeks)
0
4
8
12
26
52

Stability Test 08
Test Duration (Weeks)
0
4
8
12

TEES004/11

40oC/75%RH

TVC (Anaerobic @ 30ºC) cfu/g
170

TVC (Aerobic @ 30ºC)
cfu/g
240

Yeasts
cfu/g
<10

Moulds
cfu/g
<10
(b) (4)

TEES005/28

25oC/60%RH

TVC (Anaerobic @ 30ºC) cfu/g
10

TVC (Aerobic @ 30ºC)
cfu/g
20

Yeasts
cfu/g
70

Moulds
cfu/g
<10
(b) (4)

TEES005/28

40oC/75%RH

TVC (Anaerobic @ 30ºC) cfu/g
10

TVC (Aerobic @ 30ºC)
cfu/g
20

Yeasts
cfu/g
70

Moulds
cfu/g
<10
(b) (4)

26
52

Discussion
Overall there is no significant change in the microbiology of the samples under test. There is
an increase in total viable count (TVC) at weeks 26 and 52 for Stability tests 07 and 08.
Nevertheless, more time points are required to determine if this is a significant trend. A high
number of yeasts was observed at week 12 in Stability test 08. However, compared to the
results from other time points in this test, it appears spurious in nature.

(b) (4)
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Summary


The datasets consisted on three genomes (DB3, DB4, and DB5). Each of these genomes

was sequenced by


(b) (4)

, using the

(b) (4)

platform, with 2x150bp reads.

This reports shows the results of the de novo assembly and phylogenomic classiKcation of the

three genomes. In addition, each genome was compared to a previously selected reference genome
(DB3, Cupriavidus gillardii. DB4, Brevibacillus brevis. DB5, Brevibacillus agri).


Using de novo assembly, we were able to assemble the three genomes with good results. Based

on the presence of single copy gene markersall of the genomes were sequenced to completion.
Phylogenomics analysis allowed the taxonomic classiKcation of each genome to the best possible
taxonomic category. DB3 was classiKed up to the genus level (Cupriavidus). DB4 to the species level,
where the most similar species was Anaeurinibacillus sp002375825, a genome assembled from a
metagenome dataset but with no reported isolate. DB5 was classiKed up to the species level, as
Brevibacillus agris.

Average nucleotide identity (ANI) analysis of the three genomes with the selected references,
showed that DB3 had a 91.95% mean ANI value with Cupriavidus gillardii, supporting the result that
DB3 is a new species within the Cupriavidus genus. DB4 had a 74.61% mean ANI value with
Brevibacillus brevis, which strongly suggest that both genomes come from taxonomically unrelated
microorganisms. DB5 had a 99.56% mean ANI value, supporting the classiKcation of this genome
as a strain of Brevibacillus agri.

3 of 11

Analysis Work"ow

Raw Reads
Trimmomatic (Bolger,
Lohse et al. 2014)

Clean Reads
SPAdes (Nurk,
Bankevich et al. 2013)

Assembled
Contigs
CheckM (Parks,
Imelfort et al 2015)

GTDB-Tk (Chaumeil,
Hugenholtz et al. 2018)

Genome
Completeness

Taxonomic
Classi5cation
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Software packages
•

Quality trimming: Trimmomatic 0.36 (Bolger, Lohse et al. 2014)

•

Genome assembly: SPAdes 3.12.0 (Nurk, Bankevich et al. 2013)

•

Genome completeness: CheckM v1.0.18 (Parks, Imelfort et al. 2015)

•

Phylogenomic analysis: GTDB-Tk v0.3.2 (Chaumeil, Hugenholtz et al. 2018)
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Natural gas production often generates hydrocarbon streams containing trace levels of
mercury (Hg), predominantly elemental mercury (Hg0) in the gas phase.1 For example, Corvivni
et al. (2002) reported Hg concentrations ranging from below detection limits up to 120 g/Nm3.2
However, the Hg that may be present must be removed from natural gas to be transported by
pipeline to protect downstream aluminum (Al) heat exchangers from catastrophic mechanical
failure and gas leakage caused by the amalgamation of Hg with the Al of the exchangers over
time.3 As well, Hg must be removed from natural gas to prevent catalyst deactivation in the
production of ethylene from the ethane or propane of the natural gas, for example. Chao and
Attari (1993) did not detect Hg in pipeline natural gas in a survey of gas samples across the gas
distribution system in the US using a measurement method for which the detection limits for Hg
ranged from 0.02 to 0.2 g/Nm3.4 Current industry practices reduce Hg concentrations to < 0.01
g/Nm3.

1

Porcheron F, Barthelet K, Schweitzer JM, Daudin A (2012). Mercury traces removal
from natural gas: Optimization of guard bed adsorption properties. Conference paper presented
at the 2012 American Institute of Chemical Engineers (AIChE) Annual Meeting, Environmental
Applications of Adsorption I: Gas Phase, 1 November 2012:
https://www.aiche.org/conferences/aiche-annual-meeting/2012/proceeding/paper/632e-mercurytraces-removal-natural-gas-optimization-guard-bed-adsorption-properties.
2
Corvini G, Stiltner J, Clark K (2002). Mercury removal from natural gas and liquid
streams. UOP LLC, Houston TX;
https://web.archive.org/web/20110101194809/http:/www.uop.com/objects/87MercuryRemoval.p
df; Nm3 = volume in m3 at normal temperature and pressure; the International Standard Metric
Conditions for natural gas and similar fluids are 288.15 K (15.00 °C; 59.00 °F) and 101.325 kPa;
https://www.iso.org/standard/20461.html.
3
See also Aly MAEl E, Mahgoub IS, Nabawi M, Ahmed MAA (2008). Mercury
monitoring and removal at gas-processing facilities: case study of Salam gas plant. SPE Proj.
Facilit. Construct. 3(1): 1-9:
https://www.researchgate.net/publication/250091182_Mercury_Monitoring_and_Removal_at_G
as-Processing Facilities Case Study of Salam Gas Plant; Porcheron F, Barthelet K,
Schweitzer JM, Daudin A (2012). Mercury traces removal from natural gas: Optimization of
guard bed adsorption properties. Conference paper presented at the 2012 American Institute of
Chemical Engineers (AIChE) Annual Meeting, Environmental Applications of Adsorption I: Gas
Phase, 1 November 2012: https://www.aiche.org/conferences/aiche-annualmeeting/2012/proceeding/paper/632e-mercury-traces-removal-natural-gas-optimization-guardbed-adsorption-properties.
4
Chao SS, Attari A (1993). Characterization and Measurement of Natural Gas Trace
Constituents, Volume II: Natural Gas Survey, Part 1. Institute of Gas Technology Report to Gas
Research Institute, Contract No. 5089-253-1832 (November), GRI, Chicago, IL. Available at:
https://www.osti.gov/biblio/71153-characterization-measurement-natural-gas-trace-constituentsvolume-natural-gas-survey-final-report-otober-october; For summary, see: Wilhelm SM (2001).
Mercury in petroleum and natural gas: estimation of emissions from production, processing, and
combustion. Prepared by the National Risk Management Research Laboratory for US EPA
Office of Air Quality Planning and Standards. US EPA EPA/600/R-01/066. Pp 61-62, including
table 7-20.

Mercury vapor (Hg0), inorganic mercury compounds (Hg2+), and methylmercury (MeHg)
are well studied environmental toxicants.5 Atmospheric Hg0 vapor is derived from natural
degassing of the earth crust and through volcanic eruptions as well as from anthropogenic
sources.6 Eventually, atmospheric Hg0 is oxidized to water-soluble inorganic forms (Hg2+) and
returned to the surface in rainwater, from which Hg2+ can be reduced back to Hg0 and returned to
the atmosphere, or the Hg2+ may be methylated by microorganisms to produce MeHg in the
sediments of freshwater and saltwater bodies. The MeHg produced in this way can enter the
food chain starting with plankton, and then bioaccumulate in the food chain through herbivorous
fish up to carnivorous fish and sea mammals. The bioaccumulation of Hg can result in MeHg
levels in the tissues of fish and mammals at the top of the food chain that are from 1800 up to
80,000 times greater than the corresponding Hg concentrations in the water in which these
animals live and feed. In turn, the bioaccumulation of MeHg can result in human exposures
through the consumption of fish, especially fish at the top of the food chain (e.g., swordfish and
shark) in which MeHg tissue concentrations are typically substantially greater than the
concentrations in fish at lower levels of the food chain (e.g., salmon and trout).7
MeHg and other organomercurial compounds are generally recognized to be more potent
toxicants than inorganic Hg compounds in fish and mammals, including humans, especially for
exposures that occur during early life stages of development. NRC (2005) noted that salmon and
poultry tolerate chronic exposures to MeHg at up to 1 mg Hg/kg diet, and the NRC (1980)
established a dietary MeHg level of 2 mg Hg/kg diet as safe for swine and ruminants.8 On a
per-kg-body-weight (bw) basis, nonreproducing rodents and cats tolerated chronic MeHg
exposure to 0.1 mg/kg bw/day MeHg (i.e. 100 g/kg bw/day). During reproduction, rodents,
nonhuman primates and cats tolerated chronic MeHg exposure to 5 g Hg/kg bw/day in all
studies reviewed. For human exposure to Hg in fish, NRC (2005) set a maximum tolerable level

5

For reviews, see: Goyer RA and Clarkson TW (2001). Toxic Effects of Metals: Iron
(Fe). Chapter 23 In: Casarett and Doull’s Toxicology: The Basic Science of Poisons. 6th
Edition. Klaassen CD Editor. McGraw-Hill. Pp. 834-837; Tokar EJ, Boyd WA, Freedman JH,
Waalkes MP (2013). Toxic Effects of Metals: Iron (Fe). Chapter 23 In: Casarett and Doull’s
Toxicology: The Basic Science of Poisons. 8th Edition. Klaassen CD Editor. McGraw-Hill.
Pp. 996-999.
6
For reviews, see id.
7
For example, see: US FDA (undated). Mercury levels in commercial fish and shellfish
(1990-2012): https://www.fda.gov/food/metals/mercury-levels-commercial-fish-and-shellfish1990-2012; US FDA (2019). Technical information on development of FDA/EPA advice about
eating fish for women who are or might become pregnant, breastfeeding mothers, and young
children: https://www.fda.gov/food/metals/technical-information-development-fdaepa-adviceabout-eating-fish-women-who-are-or-might-become.
8
National Research council (NRC) (2005). Mercury. Chapter 20 in: Mineral tolerance of
animals. Committee on Minerals and toxic Substances in diets and water for Animals, Board on
agriculture and Natural resources, Division on Earth and Life Studies, Second Revised Edition,
pp. 276-283.

(MRL)9 of 0.3 g Hg/kg bw/day for human exposure based on the potential for effects on the
neurodevelopment of children exposed in utero to MeHg from maternal fish ingestion.10
The specification for Hg in pipeline gas used in the production of FeedKind® is 0.02
g/Nm3 maximum, and Calysta will not accept or use pipeline natural gas that is not certified to
FRQWDLQ+JJ1P3 for manufacturing this product.
Exaggerative estimates of exposures to mercury were calculatedassuming that salmon or
trout are raised on feed containing the maximum proposed use level of FeedKind® (i.e. 18%) and
other conservative assumptions. FeedKind® is manufactured in 12-week fermentation cycles
using pipeline natural gas containing mercury at the maximum concentration defined by
specification in this GRASN (i.e. 0.02 g/Nm3). Our estimates were calculated based on an
example production scenario in which FeedKind® is synthesized continuously by the bacterial
consortium in a fermenter during a 12-week cycle, and fractions of the biomass and associated
culture medium are constantly conveyed to a centrifuge in which the biomass is separated from
the culture medium. The biomass is processed further downstream to produce FeedKind®. The
culture medium that is separated from the biomass is recycled to the fermenter. The fermenter
and all downstream manufacturing equipment will be emptied and cleaned at the end of each 12week cycle and prepared to receive fresh bacterial culture and medium at the start of the next 12week cycle.
Approximately 5.5 x 106 Nm3 natural gas will be consumed during each 12-week cycle to
produce 2,308 tons (2.1 x 106 kg) dry biomass (i.e. FeedKind®) during each 12-week cycle.11 If
the concentration of Hg is assumed to be constant at the maximum 0.02 g/Nm3 in the pipeline
gas during production, then approximately 109 mg Hg will have been delivered to the reactor
during the 12-week cycle.12
The Hg introduced into the reaction vessel from the natural gas will partition into two
principal fractions of the bacterial culture, including the aqueous growth medium (i.e. the
medium fraction) and the bacterial cells (i.e. the biomass fraction) during fermentation. Most of
the Hg in the natural gas will be inorganic. However, the bacterial cells will likely convert at
least some of the inorganic Hg to MeHg, which is much more toxic and hydrophobic than the
9

MRL = maximum tolerable level = the dose that can be ingested for a lifetime without
significant risk of adverse effects; the MRL for MeHg assumes 70-kg maternal BW.
10
In comparison, the UN FAO and WHO set a maximum mercury intake of 0.23 g/kg
bw/day to protect the developing fetus and ATSDR recommended that pregnant women do not
consume fish containing more than 250 g Hg/kg; NRC (2005) noted that these agencies
“stressed that public health authorities should keep in mind that fish play a key role in meeting
nutritional needs in many countries”; US FDA’s “action level” for MeHg is 50 g/kg for fish in
interstate commerce.
11
10,000 tons FeedKind® produced per year; (10,000 tons/year ÷ 52 weeks/year) x 12
weeks/cycle = 2,308 tons FeedKind® produced per cycle; 2,365 Nm3 natural gas consumed per
ton; 2,308 tons FeedKind®/cycle x 2,365 Nm3 natural gas/ton FeedKind® = 5.4584 x 106 Nm3
natural gas/cycle; 2,308 tons FeedKind® x 907.185 kg/ton = 2.0938 x 106 kg FeedKind®
12
5.45842 x 106 Nm3 natural gas/cycle x 0.02 g Hg/Nm3 natural gas = 1.09 x 105 g
Hg/cycle = 1.1097 x 105 g Hg/cycle ÷ 1000 g/mg = 109 mg Hg/cycle.

inorganic forms of Hg. The much greater bioconcentration factors (BCFs) and bioaccumulation
factors (BAFs) typically reported for MeHg, compared with inorganic Hg compounds, is
attributable to the substantially greater lipophilicity of MeHg.13 For example, US EPA (1995)
estimated BCFs of 52,175 kg/l and 2,998 kg/l for MeHg and inorganic Hg, respectively, based
on the results of laboratory tests with MeHg and highly soluble forms of inorganic Hg.14 These
BCFs are within the 1800 to 80,000 range generally reported for Hg in carnivorous fish and sea
mammals at the top of the food chain.15
As noted above, the fermenter will receive approximately 109 mg Hg during the
production of 2.09 x 106 kg dry FeedKind® in each 12-week cycle if the Hg concentration in the
natural gas is always equal to the specified maximum of 0.02 g/Nm3 throughout the cycle.
FeeedKind® will be produced in a re-circulating system in which the bacterial culture is
continuously harvested, the harvested culture is centrifuged to separate the wet biomass from
most of the medium, the wet biomass fraction is spray dried to produce FeedKind®, and the
medium fraction is returned to the fermenter.
For the following calculations, the concentration of wet biomass in the harvested culture
is assumed to be 2 g/100 ml (i.e. 2%) and the wet biomass production rate is 5192 kg/hour.16 It
follows that the concentration of medium in the harvested culture will be 98 g/100 ml (i.e.
98%).17 The concentration of wet biomass in the harvested culture will increase from 2% to 35%
through centrifugation and evaporation. Thus, 96.2% of the medium in the harvested culture will
be returned to the fermenter, assuming conservatively and for simplicity, that the concentration
to 35% wet biomass is achieved solely through centrifugation and that 100% of the separated
medium is returned to the fermenter.18 The calculations demonstrate a worst-case conservative
13

Bioconcentration Factor (BCF): ratio of the concentration of a substance in an organism
to the aqueous concentration as a result of direct uptake from the water; Bioaccumulation factor
(BAF): ratio of the concentration of the substance in an organism to the aqueous concentration as
the result of uptake from all exposure routes, including diet; BCFs and BAFs are often expressed
as the ratio of mg of chemical per kg of organism to mg of chemical per liter of water (i.e. l/kg).
14
See New York State (1998). Human Health Fact Sheet: Ambient Water Quality Value
Based on Human Consumption of Fish. March 12. 1998,
https://www.epa.gov/sites/production/files/2015-06/documents/ny hh 202 f 03121998.pdf; US
EPA (1995). Great Lakes water Quality Initiative technical Support Document for the Procedure
to Determine Bioaccumulation Factors. Office of Water 4301. EPA-820-B95-005.
15
Tokar EJ, Boyd WA, Freedman JH, Waalkes MP (2013). Toxic Effects of Metals: Iron
(Fe). Chapter 23 In: Casarett and Doull’s Toxicology: The Basic Science of Poisons. 8th
Edition. Klaassen CD Editor. McGraw-Hill. p. 997.
16
The production of 5192 kg wet biomass/hour = 5192 kg/hour x 0.2 kg dry biomass/kg
wet biomass = 1038 kg dry biomass/hour, assuming conservatively that the cells contain, by
volume, 20% and 80% dry biomass and water, respectively; 1038 kg dry biomass/hour x 2016
hours/12-week cycle = 2.09 x 106 kg dry biomass/12-week cycle; for discussion of bacterial dry
matter content see: Bratbak G, Dundas I (1984). Bacterial dry matter content and biomass
estimations. Appl. Environ. Microbiol. 744-757.
17
100% culture = 98% medium + 2% wet biomass.
18
For example, every 100 ml culture harvested will contain 2 g wet biomass and 98 ml
medium before centrifugation. After centrifugation, the separated biomass fraction will contain

production scenario, as evidenced by the fact that only approximately 85%, rather than 96.2%, of
the culture medium will be returned to the reactor after centrifugation and 15% will remain with
the separated biomass to be concentrated through evaporation and spray drying to produce
FeedKind®.
Based on these assumptions, the increase in the Hg concentration in the wet biomass (i.e.
g Hg/kg wet biomass) with the time of harvest (hours) over the 12-week cycle follows an
exponential growth curve of the following form (correlation coefficient = 1.00):19
y =a(1-exp(-bx)
where,
x
x
x
x

y = concentration of Hg in wet biomass produced (g Hg/kg)
a = curve-fitting coefficient
b = curve-fitting coefficient
x = time of harvest (cumulative hours after cycle initiation)

These curves rise rapidly over the first few hours of each 12-week cycle, depending on
the BCF assumed for Hg, and then much more slowly over the remaining hours of the 12-week
cycle as the system approaches a dynamic equilibrium between the Hg that continues to enter the
fermenter with the pipeline gas and the Hg that continues to be removed from the fermenter with
the harvested wet biomass. Table 13 presents the maximum concentrations of Hg in the wet
biomass and dry biomass (i.e. FeedKind®) calculated assuming 1800 and 80,000 as the BCF for
Hg and 2016 hours total cycle time (i.e. 12 weeks).
Table 13. Maximum Hg Concentrations in Wet Biomass and in FeedKind®
Hg
Hg
Concentration Concentration
BCF
Coefficient a
Coefficient b
in Wet Biomass in FeedKind®
(g/kg)20
(g/kg)
-2
-1
-2
1800
1.041 x 10
6.683 x 10
1.041 x 10
5.205 x 10-2
80,000
1.042 x 10-2
6.937 x 10-1
1.042 x 10-2
5.212 x 10-2
Thus, the highest concentration of Hg, which will be in the last kg of 2.1 x 106 kilograms
of FeedKind® produced during the 12-week production cycle, is approximately 0.052 g/kg,
assuming, conservatively, that the BCF for Hg in the fermenter is the highest BCF reported for

[2 g wet biomass ÷ (3.71 ml medium + 2 g wet biomass)] x 100 = 35% wet biomass; it follows
that the volume of the harvested medium returned to the fermenter will be (100 ml harvested
culture – 5.71 separated culture) = 94.29 ml, which is (94.29 ml returned medium ÷ 98 ml
harvested medium) x 100 = 96.2% of the harvested medium returned to the fermenter.
19
Curve fitted using CurveExpert Professional (v.2.6.5); 5.79 x 10-2 x (1-exp(-2.3 x 2.1 x
6
10 ) = 5.79 x 10-2
20
Hg concentration in FeedKind® = Hg concentration in wet biomass ÷ 0.2, assuming
conservatively that the cells contain, by volume, 20% and 80% dry biomass and water,
respectively.

Hg in fish and sea mammals at the top of the food chain and that no Hg vapor escapes the
fermenter, centrifuge, spray dryer, or other elements of the production system during the cycle.21
It follows that salmonid feed containing 18% FeedKind® will contain no more than 0.289
g Hg/kg feed.22 This value is 3460 times lower than the 1 mg Hg/kg diet tolerated by salmon
exposed chronically to dietary MeHg.23 Thus, the risks to salmonids from chronic exposure to
any Hg from pipeline natural gas in FeedKind® at up to the maximum use levels in fish feeds
(i.e. 18%) is virtually non-existent.
High-end MeHg exposures were estimated for human consumption of salmon and trout
raised on diets containing 18% FeedKind®, and assuming that 100% of the Hg in FeedKind® is
in the form of MeHg. Again, the estimates were based on the highest calculated Hg
concentration in the salmonid feed (i.e. 0.289 g/kg feed). Additional assumptions included:
x

Cumulative feed consumed by the target animal per weight of edible tissue (i.e.
1.77 and 2.14 kg feed/kg edible body weight for Atlantic salmon and trout,
respectively)24
x 100% of the Hg intake from the feed accumulates in the edible fish tissue
x High chronic daily consumption of salmon or trout by humans is equal to the 90th
percentile daily ingestion level of all finfish (i.e., 0.17 kg/day)25
x Body weight 70 kg26
Based on these highly exaggerative assumptions, the estimated daily intake (EDI) of Hg
is 0.0012 and 0.0015 g/kg bw/day for salmon and trout, respectively.27 NRC (2005) specified
an MRL of 0.3 g Hg/kg bw/day for the protection of human health, for a 70-kg person, based
on the potential for neurodevelopmental effects in children exposed in utero to methylmercury
from maternal fish ingestion. Thus, the EDI is 250 and 200 times less than the MRL for the
consumption of salmon and trout, respectively.28
Thus, the risks to consumers from chronic exposure to any Hg from pipeline natural gas
in FeedKind® is negligible or virtually non-existent as well, even assuming that 100% of the fish
21

For comparison, the calculated maximum Hg concentrations in FeedKind® assuming
BCF=1 and BCF=10 is 0.018 g/kg and 0.044 g/kg, respectively.
22
0.052 g Hg/kg FeedKind® ÷ 0.18 kg FeedKind®/kg feed = 0.289 g Hg/kg fish feed
23
1 mg Hg/kg diet x 1000 g/mg ÷ 0.289 Hg/kg fish feed = 3460.
24
See Table 2 in Fry JP, Mailloux NA, Love DC, Milli MC, Cao L (2018). Feed conversion
efficiency in aquaculture: do we measure it correctly? Environ. Res. Lett. 13: 024017:
https://iopscience.iop.org/article/10.1088/1748-9326/aaa273/pdf.
25
See Table 2.055 in Smiciklas-Wright H, Mitchell DC, Mickle SJ, Cook AJ, Goldman JD
(2002). USDA 1994-1996 Continuing Survey of Food Intakes by Individuals (CSFII 19941996).
26
NRC (2005) specifies an MRL of 0.0003 mg Hg/kg bw/day for a 70-kg person
27
For example, [0.052 g Hg/kg FeedKind® ÷ 0.18 kg FeedKind®/kg feed x 2.14 kg
feed/kg edible trout tissue x 0.17 kg trout/day]/70 kg bw = 0.0015 g Hg/kg bw/day.
28
MOE = MRL/EDI; for salmon, 0.3 g/kg bw/day ÷ 0.0012 g/kg bw/day = 250; for
trout, 0.3 g/kg bw/day x ÷ 0.0012 g/kg bw/day = 200.

consumed by high-end fish consumers are salmon or trout raised exclusively on salmonid feed
containing the maximum level of FeedKind® (i.e. 18%), all of which was produced using
pipeline natural gas invariably containing the maximum possible concentration of Hg (i.e. 0.02
g/Nm3).
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,ĞǇĂƌŝƐƐĂ͕
/ǁŽŶ͛ƚŐĞƚƚŽůŽŐŐŝŶŐƚŚŝƐŽŶĞŝŶďĞĨŽƌĞ/͛ŵŽŶůĞĂǀĞ͘ĂŶǇŽƵĐŽŵďŝŶĞƚŚĞĨŝůĞƐŝŶƚŚĞǌŝƉĨŽůĚĞƌ͕
ŵĂŬĞĂŶĞǁƐƵďĨŽƌŵ͕ƉƵƚŝƚŝŶƚŚĞĨŽůĚĞƌĨŽƌƚŚĞh͕ĂŶĚƐĞŶĚƚŚĞŵĂŶĞͲŵĂŝůƉůĞĂƐĞ͍
dŚĂŶŬƐĨŽƌǇŽƵƌŚĞůƉ͊
ŚĞůƐĞĂ
From:ĂƌůĂĐĐŝ͕>ŽƵŝƐф>ŽƵŝƐ͘ĂƌůĂĐĐŝΛĨĚĂ͘ŚŚƐ͘ŐŽǀх
Sent:&ƌŝĚĂǇ͕:ƵůǇϭϳ͕ϮϬϮϬϮ͗ϭϮWD
To:tŽŶŐ͕'ĞŽĨĨƌĞǇ<ф'ĞŽĨĨƌĞǇ͘tŽŶŐΛĨĚĂ͘ŚŚƐ͘ŐŽǀх͖ĞƌƌŝƚŽ͕ŚĞůƐĞĂ
фŚĞůƐĞĂ͘ĞƌƌŝƚŽΛĨĚĂ͘ŚŚƐ͘ŐŽǀх
Subject:&t͗'ZEŵĞŶĚŵĞŶƚ
,ŝ͘dŚŝƐĂŵĞŶĚŵĞŶƚĨŽƌDͲϴϱũƵƐƚĐĂŵĞŝŶ͘^ƵďŵŝƐƐŝŽŶDͲϴϱŚĂƐŶŽƚǇĞƚďĞĞŶĨŝůĞĚĂƐĂ'Z^
ŶŽƚŝĐĞ͘/ŽƉĞŶĞĚƚŚĞǌŝƉĨŝůĞĂŶĚĞĂĐŚŽĨƚŚĞĚŽĐƵŵĞŶƚƐŝŶƐŝĚĞƚŚĞǌŝƉĨŝůĞǁŝƚŚŶŽƉƌŽďůĞŵƐ͘
ŚĞůƐĞĂǁŽƵůĚǇŽƵƐƵďŵŝƚƚŚŝƐĂŵĞŶĚŵĞŶƚƚŽh͘
'ĞŽĨĨ͕ƚŚĞĞǀĂůƵĂƚŽƌƐĨŽƌDͲϴϱĂƌĞD͗>ŽƵ͖d^͗ĞĐŬǇ͖hd>͗ŝĞŐŽ͘
/ĂŵŐŽŝŶŐƚŽĐƌĞĂƚĞĂĨŽůĚĞƌŝŶŵǇĚƌĂĨƚĨŽůĚĞƌŽŶƚŚĞƐŚĂƌĞĚĚƌŝǀĞĂŶĚůĞƚƚŚĞĞǀĂůƵĂƚŽƌƐĨŝŶĚƚŚĞ
ĚŽĐƵŵĞŶƚƐƚŚĞƌĞƵŶƚŝůŝƚŝƐĂǀĂŝůĂďůĞŽŶh͘
dŚĂŶŬƐ͘
>ŽƵ
>ŽƵŝƐĂƌůĂĐĐŝ͕WŚ͘͘
ŚĞŵŝƐƚ
/ŶŐƌĞĚŝĞŶƚ^ĂĨĞƚǇdĞĂŵ;,&sͲϮϮϰͿ
ŝǀŝƐŝŽŶŽĨŶŝŵĂů&ĞĞĚƐ
ĞŶƚĞƌĨŽƌsĞƚĞƌŝŶĂƌǇDĞĚŝĐŝŶĞ
WŚϮϰϬͲϰϬϮͲϮϵϮϭ
From:ƌŽǌĞŶ͕DĞůǀŝŶ^͘фƌŽǌĞŶΛŬŚůĂǁ͘ĐŽŵх
ƌŽǌĞŶ͕DĞůǀŝŶ^͘ф
фƌŽǌĞŶΛŬŚůĂǁ͘ĐŽŵх
ƌŽǌĞŶΛŬŚůĂǁ ĐŽŵх
Sent:&ƌŝĚĂǇ͕:ƵůǇϭϳ͕ϮϬϮϬϭ͗ϯϭWD
To:ĂƌůĂĐĐŝ͕>ŽƵŝƐф>ŽƵŝƐ͘ĂƌůĂĐĐŝΛĨĚĂ͘ŚŚƐ͘ŐŽǀх
Subject:'ZEŵĞŶĚŵĞŶƚ
ƌ͘>ŽƵ͕

Z/sd
:h>ϮϬ͕ϮϬϮϬ

KŶďĞŚĂůĨŽĨĂůǇƐƚĂ͕/ŶĐ͕͘ĂƚƚĂĐŚĞĚƉůĞĂƐĞĨŝŶĚƚŚĞŵĞŶĚŵĞŶƚƚŽ'Z^EŽƚŝĐĞĨŽƌƌŝĞĚ
ĞŵĞŶĚŵĞŶƚƚ
Methylococcus CapsulatusƉƌŽĚƵĐƚ;ŚĞƌĞŝŶĂĨƚĞƌ͞&ĞĞĚ<ŝŶĚΠ͟Ϳ͕ǁŚŝĐŚǁĂƐŽƌŝŐŝŶĂůůǇƐƵďŵŝƚƚĞĚƚŽ
sDŽŶ&ĞďƌƵĂƌǇϮϴ͕ϮϬϮϬ͘dŚĞŵĞŶĚŵĞŶƚĂĚĚƌĞƐƐĞƐƚŚĞƋƵĞƐƚŝŽŶƐƌĂŝƐĞĚďǇsDĚƵƌŝŶŐƚŚĞƉƌŝů
Ϯϯ͕ϮϬϮϬƚĞůĞůĐŽŶĨĞƌĞŶĐĞƌĞŐĂƌĚŝŶŐ;ϭͿƚŚĞƐĂĨĞƚǇŽĨ&ĞĞĚ<ŝŶĚΠ͛ƐƌĂǁŵĂƚĞƌŝĂůƐƉĞĐŝĨŝĐĂƚŝŽŶƐĂŶĚ;ϮͿ
ͿƚŚĞƐĂĨĞƚǇŽĨ&ĞĞĚ<ŝŶĚΠ
ĐŽŶĐĞƌŶƐƌĞŐĂƌĚŝŶŐƚŚĞĞůĞǀĂƚŝŽŶŝŶƐĞƌƵŵ/Ő'ϮĂůĞǀĞůƐƌĞƉŽƌƚĞĚŝŶŵŝĐĞŝŶŚƌŝƐƚĞŶƐĞŶĞƚĂů͘;ϮϬϬϯͿ
ĐŽŶĐĞƌŶƐƌĞŐĂƌĚŝŶŐƚŚĞĞůĞǀĂƚŝŽŶŝŶƐĞƌƵŵ/Ő'ϮĂ
ƚŽƉŽƐĞĂƌŝƐŬŽĨĐŚƌŽŶŝĐŝŶĨůĂŵŵĂƚŝŽŶŝŶƐĂůŵŽŶŝĚƐ͘
dŚĞĂƚƚĂĐŚĞĚǌŝƉĨŝůĞĐŽŶƚĂŝŶƐ;ϭͿƚŚĞŵĞŶĚŵĞŶƚƚŽƚŚĞ'Z^E͕;ϮͿĂƌĞǀŝƐĞĚWĂƌƚϳƌĞĨĞƌĞŶĐĞůŝƐƚ
ƌĞǀŝƐĞĚWĂƌƚϳƌĞĨĞƌĞŶĐĞůŝƐƚ
ǁŝƚŚĂĚĚŝƚŝŽŶĂůƐƚƵĚŝĞƐŚŝŐŚůŝŐŚƚĞĚŝŶǇĞůůŽǁ͕ĂŶĚ;ϯͿĐŽƉŝĞƐŽĨƚŚŽƐĞĂĚĚŝƚŝŽŶĂůƐƚƵĚŝĞƐ͘&ŽƌǇŽƵƌ
ĐŽŶǀĞŶŝĞŶĐĞ͕ǁĞ͛ǀĞĂůƐŽŝŶĐůƵĚĞĚĐŽƉŝĞƐŽĨƚŚĞĨŽůůŽǁŝŶŐƚŚƌĞĞƐƚƵĚŝĞƐ͕ĂůƚŚŽƵŐŚƐƵĐŚƐƚƵĚŝĞƐǁĞƌĞ
ƉƌĞǀŝŽƵƐůǇƉƌŽǀŝĚĞĚƚŽsDǁŝƚŚƚŚĞ&ĞďƌƵĂƌǇϮϴ͕ϮϬϮϬƐƵďŵŝƐƐŝŽŶ͗;ĂͿ^ǀĞĚƐĞŶĂŶĚĂŵŵͲ
Ğ&ĞďƌƵĂƌǇϮϴ͕ϮϬϮϬƐƵďŵŝƐƐŝŽŶ͗;ĂͿ^ǀĞĚƐĞŶĂŶĚĂŵŵͲ
:ŽƌŐĞŶƐĞŶ;ϭϵϵϮͿ͕;ďͿdĂŬĂǁĂůĞ;ϮϬϬϰͿ͕ĂŶĚ;ĐͿdŚĞƐƚƌƵƉ;ϮϬϬϰͿ͘
:ŽƌŐĞŶƐĞŶ;ϭϵϵϮͿ͕;ďͿdĂŬĂǁĂůĞ;ϮϬϬϰͿ͕ĂŶĚ;ĐͿdŚĞƐƚƌƵƉ;ϮϬϬϰͿ
WůĞĂƐĞůĞƚƵƐŬŶŽǁŝĨǇŽƵŚĂǀĞĂŶǇƋƵĞƐƚŝŽŶƐŽƌŝĨǇŽƵŚĂǀĞĂŶǇĚŝĨĨŝĐƵůƚǇĂĐĐĞƐƐŝŶŐƚŚĞŵĂƚĞƌŝĂůƐ͘tĞ
ůŽŽŬĨŽƌǁĂƌĚƚŽĐŽŶĨŝƌŵĂƚŝŽŶŽĨǇŽƵƌƌĞĐĞŝƉƚŽĨƚŚŝƐĞŵĂŝůĂŶĚƚŚĞĨŝůŝŶŐŽĨƚŚĞ'Z^E͘
,ĂǀĞĂŐŽŽĚǁĞĞŬĞŶĚ͘
ĞƐƚ͕
DĞů͘
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From:ĂƌůĂĐĐŝ͕>ŽƵŝƐф>ŽƵŝƐ͘ĂƌůĂĐĐŝΛĨĚĂ͘ŚŚƐ͘ŐŽǀх
Sent:dŚƵƌƐĚĂǇ͕:ƵůǇϵ͕ϮϬϮϬϭϬ͗ϭϯD
To:ƌŽǌĞŶ͕DĞůǀŝŶ^͘фƌŽǌĞŶΛŬŚůĂǁ͘ĐŽŵх
Cc:DĂŚŽŶĞǇ͕:ŝůůD͘фŵĂŚŽŶĞǇũΛŬŚůĂǁ͘ĐŽŵх
Subject:Z͗hƉĚĂƚĞŽŶĂůǇƐƚĂΖƐĂŵĞŶĚŵĞŶƚ

,ŝDĞů͘
WůĞĂƐĞƐĞŶĚƚŚĞĚŽĐƵŵĞŶƚƐǀŝĂĞŵĂŝů;ƐͿ͘&ŽƌǇŽƵƌĐŽŶǀĞŶŝĞŶĐĞ͕ǁĞĂĐĐĞƉƚǌŝƉĨŝůĞƐ͘
dŚĂŶŬƐ͘
>ŽƵ
>ŽƵŝƐĂƌůĂĐĐŝ͕WŚ͘͘
ŚĞŵŝƐƚ
/ŶŐƌĞĚŝĞŶƚ^ĂĨĞƚǇdĞĂŵ;,&sͲϮϮϰͿ
ŝǀŝƐŝŽŶŽĨŶŝŵĂů&ĞĞĚƐ
ĞŶƚĞƌĨŽƌsĞƚĞƌŝŶĂƌǇDĞĚŝĐŝŶĞ
WŚϮϰϬͲϰϬϮͲϮϵϮϭ
From:ƌŽǌĞŶ͕DĞůǀŝŶ^͘фƌŽǌĞŶΛŬŚůĂǁ͘ĐŽŵх
Sent:dŚƵƌƐĚĂǇ͕:ƵůǇϬϵ͕ϮϬϮϬϵ͗ϮϴD
To:ĂƌůĂĐĐŝ͕>ŽƵŝƐф>ŽƵŝƐ͘ĂƌůĂĐĐŝΛĨĚĂ͘ŚŚƐ͘ŐŽǀх
Cc:DĂŚŽŶĞǇ͕:ŝůůD͘фŵĂŚŽŶĞǇũΛŬŚůĂǁ͘ĐŽŵх
Subject:Z͗hƉĚĂƚĞŽŶĂůǇƐƚĂΖƐĂŵĞŶĚŵĞŶƚ
,ŝ>ŽƵ͕
tĞƉůĂŶƚŽƉƌŽǀŝĚĞĂŶĂŵĞŶĚŵĞŶƚƚŽƚŚĞ'Z^ŶŽƚŝĐĞƐŚŽƌƚůǇĂƐĚŝƐĐƵƐƐĞĚďĞůŽǁ͘dŚĞƌĞǁŝůůďĞ
ƐŽŵĞĂĚĚŝƚŝŽŶĂůƌĞĨĞƌĞŶĐĞƐĂƐǁĞůů͘ĂŶǁĞƐƵďŵŝƚĞǀĞƌǇƚŚŝŶŐďǇĞŵĂŝů͕ĂůƚŚŽƵŐŚĨŽƌƚŚĞƌĞĨĞƌĞŶĐĞƐ
ŝƚǁŽƵůĚďĞŐŽŽĚƚŽďĞĂďůĞƚŽƵƉůŽĂĚƚŽĂůŝŶŬŝĨƉŽƐƐŝďůĞǁŚŝĐŚǁĞĐĂŶƉƌŽǀŝĚĞƚŽǇŽƵƚŽĚŽǁŶůŽĂĚ͘
>ĞƚƵƐŬŶŽǁǁŚĞŶǇŽƵĐĂŶƉůĞĂƐĞ͘dŚĂŶŬƐǀĞƌǇŵƵĐŚ͘DĞů͘
From:ĂƌůĂĐĐŝ͕>ŽƵŝƐф>ŽƵŝƐ͘ĂƌůĂĐĐŝΛĨĚĂ͘ŚŚƐ͘ŐŽǀх
Sent:DŽŶĚĂǇ͕:ƵůǇϲ͕ϮϬϮϬϭ͗ϯϲWD
To:ƌŽǌĞŶ͕DĞůǀŝŶ^͘фƌŽǌĞŶΛŬŚůĂǁ͘ĐŽŵх
Subject:Z͗hƉĚĂƚĞŽŶĂůǇƐƚĂΖƐĂŵĞŶĚŵĞŶƚ
,ŝDĞů͘
dŚĂŶŬƐĨŽƌƵƉĚĂƚŝŶŐƵƐ͘ĞƐƚǁŝƐŚĞƐ͘
>ŽƵ
>ŽƵŝƐĂƌůĂĐĐŝ͕WŚ͘͘
ŚĞŵŝƐƚ
/ŶŐƌĞĚŝĞŶƚ^ĂĨĞƚǇdĞĂŵ;,&sͲϮϮϰͿ
ŝǀŝƐŝŽŶŽĨŶŝŵĂů&ĞĞĚƐ
ĞŶƚĞƌĨŽƌsĞƚĞƌŝŶĂƌǇDĞĚŝĐŝŶĞ
WŚϮϰϬͲϰϬϮͲϮϵϮϭ

From:ƌŽǌĞŶ͕DĞůǀŝŶ^͘фƌŽǌĞŶΛŬŚůĂǁ͘ĐŽŵх
Sent:DŽŶĚĂǇ͕:ƵůǇϬϲ͕ϮϬϮϬϭ͗ϯϰWD
To:ĂƌůĂĐĐŝ͕>ŽƵŝƐф>ŽƵŝƐ͘ĂƌůĂĐĐŝΛĨĚĂ͘ŚŚƐ͘ŐŽǀх
Subject:Z͗hƉĚĂƚĞŽŶĂůǇƐƚĂΖƐĂŵĞŶĚŵĞŶƚ
,ĞůůŽ>ŽƵ͕
tŚĞŶǁĞƐƉŽŬĞŽŶDĂǇϭϴ/ƚŚŽƵŐŚƚŝƚǁŽƵůĚƚĂŬĞƵƐĂďŽƵƚϮͲϯǁĞĞŬƐƚŽƐƵďŵŝƚƚŚĞĂŵĞŶĚŵĞŶƚ͘
sĂƌŝŽƵƐĐŝƌĐƵŵƐƚĂŶĐĞƐŚĂǀĞŝŶƚĞƌǀĞŶĞĚƚŽĚĞůĂǇƚŚĂƚƵŶĨŽƌƚƵŶĂƚĞůǇ͘tĞŚŽƉĞƚŽŚĂǀĞƚŚĞ
ĂŵĞŶĚŵĞŶƚƚŽǇŽƵďǇƚŚĞĞŶĚŽĨŶĞǆƚǁĞĞŬŽƌĞĂƌůǇƚŚĞǁĞĞŬŽĨ:ƵůǇϮϬ͘KƵƌĂƉŽůŽŐŝĞƐĨŽƌƚŚĞ
ĚĞůĂǇ͘ZĞŐĂƌĚƐ͘DĞůƌŽǌĞŶ͘
From:ĂƌůĂĐĐŝ͕>ŽƵŝƐф>ŽƵŝƐ͘ĂƌůĂĐĐŝΛĨĚĂ͘ŚŚƐ͘ŐŽǀх
Sent:DŽŶĚĂǇ͕DĂǇϭϴ͕ϮϬϮϬϭϬ͗ϭϴD
To:ƌŽǌĞŶ͕DĞůǀŝŶ^͘фƌŽǌĞŶΛŬŚůĂǁ͘ĐŽŵх
Subject:hƉĚĂƚĞŽŶĂůǇƐƚĂΖƐĂŵĞŶĚŵĞŶƚ
,ŝDĞů͘
tŽƵůĚǇŽƵŐŝǀĞƵƐĂƐƚĂƚƵƐƵƉĚĂƚĞŽŶǁŚĞŶǁĞƐŚŽƵůĚĞǆƉĞĐƚƚŚĞĂŵĞŶĚŵĞŶƚƚŽĂůǇƐƚĂ͛Ɛ'Z^
ŶŽƚŝĐĞ͍/ƚŚĂƐďĞĞŶƚŚƌĞĞǁĞĞŬƐƐŝŶĐĞŽƵƌƚĞůĞĐŽŶĨĞƌĞŶĐĞƚŽƌĞƋƵĞƐƚƚŚĞĂŵĞŶĚŵĞŶƚ͘
ƌ;ϮϬϮͿϰϯϰͲϰϮϮϮ
/ƚƌŝĞĚĐĂůůŝŶŐƚŚĞŶƵŵďĞƌ;ϮϬϮͿϰϯϰͲϰϮϮϮďƵƚǁĂƐƵŶĂďůĞƚŽĐŽŶŶĞĐƚ͘
dŚĂŶŬƐ͘
>ŽƵ
>ŽƵŝƐĂƌůĂĐĐŝ͕WŚ͘͘
ŚĞŵŝƐƚ
/ŶŐƌĞĚŝĞŶƚ^ĂĨĞƚǇdĞĂŵ;,&sͲϮϮϰͿ
ŝǀŝƐŝŽŶŽĨŶŝŵĂů&ĞĞĚƐ
ĞŶƚĞƌĨŽƌsĞƚĞƌŝŶĂƌǇDĞĚŝĐŝŶĞ
WŚϮϰϬͲϰϬϮͲϮϵϮϭ

$0(1'0(1772*5$6127,&()25'5,('0(7+</2&2&&86&$368/$786
352'8&7

6XEPLWWHGE\

.HOOHUDQG+HFNPDQ//3
*6WUHHW1:
6XLWH:
:DVKLQJWRQ'&
2QEHKDOIRIRXUFOLHQW
&DO\VWD,QF
2¶%ULHQ'ULYH
0HQOR3DUN&$
8QLWHG6WDWHV

-XO\

,

,QWURGXFWLRQ
3DUW$±6DIHW\RI)HHG.LQG¶V 5DZ0DWHULDO6SHFLILFDWLRQV
,

5DZ0DWHULDO6SHFLILFDWLRQV

,,

7HVWLQJIRU3RWHQWLDO&RQWDPLQDQW&RQFHQWUDWLRQ

,,,

&RQFOXVLRQ

3DUW%6WDWHPHQWRI'UV-XGLWK7=HOLNRIIDQG'DQLHO:LHUGD
,

6WDWHPHQW,QWURGXFWLRQ

,,

3HUWLQHQW5RGHQW6WXGLHV

,,,

3HUWLQHQW6DOPRQLG6WXGLHV

,9

'LVFXVVLRQ

9

&RQFOXVLRQ

5(9,6('3DUW±5HIHUHQFHV
$SSHQGL[±([SHUW&XUULFXOXP9LWDH



,

,QWURGXFWLRQ

7KHSXUSRVHRIWKLVDPHQGPHQWLVWRDGGUHVVTXHVWLRQVUDLVHGE\WKH86)RRGDQG'UXJ
$GPLQLVWUDWLRQ¶V&HQWHUIRU9HWHULQDU\0HGLFLQH )'$&90 GXULQJWKH$SULO
WHOHFRQIHUHQFHUHJDUGLQJWKH)HEUXDU\VXEPLVVLRQRIWKH*HQHUDOO\5HFRJQL]HG$V6DIH
*5$6 1RWLFHIRU&DO\VWD,QF¶V'ULHG0HWK\ORFRFFXVFDSVXODWXV3URGXFW KHUHLQDIWHU
³)HHG.LQG´ 6SHFLILFDOO\)'$&90UHTXHVWHGUDZPDWHULDOVSHFLILFDWLRQVIRU)HHG.LQGWR

FRQILUPWKHVDIHW\RIWKHUDZPDWHULDOVVKRXOGWKH\FRQFHQWUDWHRYHUWKHFRXUVHRI)HHG.LQG
\
¶V
FRQWLQXRXVIHUPHQWDWLRQSURFHVV7KXV3DUW$RIWKLVDPHQGPHQWSURYLGHVWKHUDZPDWHULDO
S
7KXV3DUW$RIWKLVDPHQGPHQWSURYLGHVWKHUDZPDWHULDO
VSHFLILFDWLRQVXVHGGXULQJWKHSURGXFWLRQRI)HHG.LQG3DUW$DOVRSURYLGHVWHVWUHVXOWVWKDW
GHPRQVWUDWHWKHUHLVQRFRQFHQWUDWLRQRIDQ\UDZPDWHULDOVRIFRQFHUQ LHKHDY\PHWDOV RYHU
WKHFRXUVHRI)HHG.LQG¶VPXOWLSOHFRQWLQXRXVIHUPHQWDWLRQUXQV7KHUHIRUHLWFDQEH
FRQFOXGHGWKDW)HHG.LQG¶VUDZPDWHULDOVGRQRWSRVHDQ\SRWHQWLDOFRQWDPLQDWLRQRUVDIHW\
FRQFHUQV
6HFRQG)'$&90H[SUHVVHGFRQFHUQWKDWHOHYDWLRQLQVHUXP,J*DOHYHOVUHSRUWHGLQ
PLFHLQ&KULVWHQVHQHWDO  VXJJHVWVWKHSRWHQWLDOIRUORQJWHUPGLHWDU\H[SRVXUHVWR
)HHG.LQG HTXLYDOHQWWR%LRSURWHLQ WRSRVHDULVNRIFKURQLFLQIODPPDWLRQLQVDOPRQLGV3DUW
%RIWKLVDPHQGPHQWDGGUHVVHVWKLVLVVXHLQDVWDWHPHQWE\'UV-XGLWK7=HOLNRIIDQG'DQLHO
:LHUGDH[SHUWVLQWKHILHOGRIILVKDQGPDPPDOLDQLPPXQRWR[LFRORJ\
,QVXPPDU\WKHVHH[SHUWVUHYLHZHGWKHSXEOLVKHGURGHQWDQGVDOPRQLGVWXGLHVWRJHWKHU
ZLWKVXSSRUWLQJXQSXEOLVKHGVWXGLHVDQGKDYHFRQFOXGHGWKDWWKHFRQFHUQSRVWXODWHGE\)'$
&90LVQRWYDOLGDQGLVQRWVXSSRUWHGE\WKHFXUUHQWVFLHQWLILFOLWHUDWXUH&ROOHFWLYHO\WKH
VWXGLHVWKH\UHYLHZHGDQGGLVFXVVSURYLGHUHDVRQDEOHFHUWDLQW\RI QRKDUPWRVDOPRQLGVH[SRVHG
WR)HHG.LQG HTXLYDOHQWWR%3 7KHVHH[SHUWVFRQFOXGHWKDWEDVHGRQWKHSXEOLVKHGVWXGLHVDV
VXSSRUWHGE\WKHXQSXEOLVKHGVWXGLHV)HHG.LQGLVJHQHUDOO\UHFRJQL]HGDVVDIH *5$6 LQWKH
GLHWRIVDOPRQLGVDWWKHLQWHQGHGXVHFRQFHQWUDWLRQV7KHUHDVRQVIRU'UV=HOLNRIIDQG:LHUGD¶V
FRQFOXVLRQVDUHGLVFXVVHGLQWKHLUVWDWHPHQW$OORIWKHUHOHYDQWVWXGLHVKDYHHLWKHUEHHQ
SURYLGHGWR)'$&90ZLWKWKHRULJLQDO*5$61RWLFHVXEPLVVLRQRQ)HEUXDU\RU
ZLWKUHJDUGWRVHYHUDOVWXGLHVUHIHUHQFHGE\'UV=HOLNRIIDQG:LHUGDDUHDOVREHLQJWUDQVPLWWHG
ZLWKWKLVDPHQGPHQWWRRXU*5$61RWLFH:HDUHDOVRLQFOXGLQJDUHYLVHG3DUWUHIHUHQFHOLVW
ZLWKWKHDGGLWLRQDOVWXGLHVEHLQJWUDQVPLWWHGZLWKWKLVDPHQGPHQWKLJKOLJKWHGLQ\HOORZ

&KULVWHQVHQ+5/DUVHQ/&)U¡N U+  7KHRUDOLPPXQRJHQLFLW\RI%3DEDFWHULDOVLQJOHFHOO
SURWHLQLVDIIHFWHGE\LWVSDUWLFXODWHQDWXUH%ULW-1XWU
1



3DUW$±6DIHW\RI)HHG.LQG¶V 5DZ0DWHULDO6SHFLILFDWLRQV
,

5DZ0DWHULDO6SHFLILFDWLRQV

7KH)HHG.LQG*5$61SURYLGHVWKHOLVWRIUDZPDWHULDOVDQG H[DPSOH SURFHVVLQJDLGV
LQ7DEOHRQSDJH5DZPDWHULDOVVSHFLILFDWLRQVKDYHEHHQDGGHGWRDUHYLVHG7DEOH
SURYLGHGEHORZZLWKWKHH[FHSWLRQRILQFRPLQJSLSHOLQHQDWXUDOJDVZKLFKLVDGGUHVVHGLQ7DEOH
RQSDJHRIWKH*5$61
%DVHGRQRXUUHYLHZRIWKHUDZPDWHULDOVWKHRQO\FRQWDPLQDQWVRISRWHQWLDOFRQFHUQLQ
)HHG.LQGDUHKHDY\PHWDOVVSHFLILFDOO\OHDG 3E DUVHQLF $V DQGFDGPLXP &G 7KHVH
PHWDOVDUHOLVWHGDVSRWHQWLDOFRQWDPLQDQWVZLWKPD[LPXPDOORZHGVSHFLILFDWLRQVIRUVHYHUDORI
)HHG.LQG¶VVWDUWLQJPDWHULDOV7KHPHWDOVVHUYHQRQXWULWLRQDOSXUSRVHIRUWKHPLFUREHVDQG
WKHUHIRUHKDYHWKHSRWHQWLDOWRDFFXPXODWHRYHUWKHFRXUVHRIWKHFRQWLQXRXVIHUPHQWDWLRQUXQ
+RZHYHUJLYHQWKHUDZPDWHULDOVSHFLILFDWLRQVDQGDVGHPRQVWUDWHGE\&DO\VWD¶VFRQWDPLQDQW
WHVWLQJDQGPRQLWRULQJ GLVFXVVHGLQ6HFWLRQ,,,EHORZ ZHEHOLHYHLWLVUHDVRQDEOHWRDVVXPH
WKHUHZRXOGEHQRORQJWHUPKDUPWRWKHVDOPRQLGVSHFLHVIHG)HHG.LQG
7KHUHYLVHG7DEOHZLWKWKHUDZPDWHULDOVSHFLILFDWLRQVLVSURYLGHGEHORZ



5(9,6('7DEOH5DZPDWHULDOVSHFLILFDWLRQVDQG H[DPSOH SURFHVVLQJDLGV
7DEOH*5$61

5DZ0DWHULDO6SHFLILFDWLRQ

5DZ0DWHULDO

)XQFWLRQ

$XWKRUL]DWLRQ
5HIHUHQFH

$XWKRUL]DWLRQ 6SHFLILFDWLRQ
/LPLWV

0HWKDQH 1DWXUDO
*DV

1XWULHQW
IRUFXOWXUH

1RQH6DIH
IRUXVH

1$

$PPRQLXP
+\GUR[LGH

S+FRQWURO

&)5


*RRG
0DQXIDFWXULQJ
RU)HHGLQJ
3UDFWLFH

6XOIXULF$FLG

S+FRQWURO

&)5


*0)3

3KRVSKRULF$FLG

6RGLXP+\GUR[LGH

1XWULHQW
IRUFXOWXUH

S+FRQWURO

&)5


&)5


*0)3

*0)3

6SHFLILFDWLRQ

8QLWV

9DOXH

6HH7DEOH
(b) (4)

*UDGHRIPDWHULDO

1$

$PPRQLD 1+DT 
*UDGHRIPDWHULDO

ZW
1$

6XOIXULF$FLG +62

ZW

*UDGHRIPDWHULDO

1$

3KRVSKRULF$FLG

ZW

&KORULGHDV&O

SSP

,URQDV)H

SSP

$UVHQLFDV$V

SSP

+HDY\PHWDOVDV3E

SSP

6XOIDWHDV62

SSP

*UDGHRIPDWHULDO

1$

6RGLXP+\GUR[LGH
1D2+ 

ZW

(b) (4)



3RWDVVLXP
+\GUR[LGH6ROXWLRQ

=LQF6XOIDWH
+HSWDK\GUDWH

1LFNHO&KORULGH
+H[DK\GUDWH

1XWULHQW
IRUFXOWXUH

1XWULHQW
IRUFXOWXUH

1XWULHQW
IRUFXOWXUH

&)5


&)5


1RQH6DIH
IRUXVH

*0)3

*)3DGGHGDV
QXWULWLRQDO
GLHWDU\
VXSSOHPHQWV

1$

(b) (4)

&KORULGHDV&O

SSP

,URQDV)H
+HDY\PHWDOVDV3E

SSP
SSP

*UDGHRIPDWHULDO

1$

3RWDVVLXP+\GUR[LGH
.2+ 

ZW

&DUERQDWHDV.&2

ZW

6RGLXPDV1D

ZW

&KORULGHDV&O

SSP

6XOIDWHDV62
,URQDV)H

SSP
SSP

*UDGHRIPDWHULDO

1$

=LQF6XOIDWH
+HSWDK\GUDWH
=Q62 +2 

ZW

&DGPLXPDV&G

SSP

$UVHQLFDV$V

SSP

+HDY\0HWDOVDV3E

SSP

*UDGHRIPDWHULDO

1$

1LFNHO&KORULGH
+H[DK\GUDWH
1L&O +2 

ZW

,URQDV)H

SSP

(b) (4)



&REDOW6XOIDWH
+HSWDK\GUDWH

0DQJDQHVH6XOIDWH
0RQRK\GUDWH

1LWULF$FLG

&RSSHU6XOIDWH
3HQWDK\GUDWH

1XWULHQW
IRUFXOWXUH

1XWULHQW
IRU
FXOWXUH

S+FRQWURO
DQG
1XWULHQW
IRUFXOWXUH
1XWULHQW
IRUFXOWXUH

&)5


&)5


1RQH*5$6

&)5


*)3DGGHGDV
QXWULWLRQDO
GLHWDU\

*)3DGGHG
DVQXWULWLRQDO
GLHWDU\

1$

*)3DGGHGDV
QXWULWLRQDO

(b) (4)

$UVHQLFDV$V

SSP

&RSSHUDV&X

SSP

&DGPLXPDV&G

SSP

/HDGDV3E

SSP

*UDGHRIPDWHULDO

1$

&REDOW6XOIDWH
+HSWDK\GUDWH
&R62 +2 

ZW

,URQDV)H

SSP

&KORULGHDV&O

SSP

&RSSHUDV&X

SSP

1LFNHODV1L

SSP

(b) (4)

*UDGHRIPDWHULDO
ZW

0DQJDQHVH6XOIDWH
0RQRK\GUDWH
0Q62 +2 
,URQDV)H

SSP

&KORULGHDV&O

SSP

$UVHQLFDV$V

SSP

+HDY\0HWDOVDV3E

SSP

*UDGHRIPDWHULDO
1LWULF$FLG +12 

ZW

&KORULGHDV&O

ZW

*UDGHRIPDWHULDO
&RSSHU6XOIDWH

1$
ZW


GLHWDU\

6RGLXP0RO\EGDWH
'LK\GUDWH

,URQ6XOIDWH

1XWULHQW
IRUFXOWXUH

1XWULHQW
IRUFXOWXUH

$$)&2
'HILQLWLRQ


&)5


1$

*)3DGGHGDV
QXWULWLRQDO
GLHWDU\

3HQWDK\GUDWH
&X62 +2 
S+ YLDVXOIXULFDFLG 
,URQDV)H
$UVHQLFDV$V
+HDY\PHWDOVDV3E
1LFNHODV1L
(b) (4)

(b) (4)

SSP
SSP
SSP
SSP

*UDGHRIPDWHULDO
ZW

6RGLXP0RO\EGDWH
'LK\GUDWH
1D0R2 +2 
,URQDV)H

SSP

$UVHQLFDV$V

SSP

&KORULGHDV&O
&DGPLXPDV&G

SSP
SSP

/HDGDV3E

SSP

*UDGHRIPDWHULDO

1$

*UDGHRIPDWHULDO

ZW

,URQ6XOIDWH
+HSWDK\GUDWH
ZW
)H62 +2
S+ YLDVXOIXULFDFLG 
&KORULGHDV&O

ZW

$UVHQLFDV$V

ZW

6RGLXPDV1D
&RSSHUDV&X

ZW
ZW

+HDY\0HWDOVDV3E ZW


&DOFLXP&KORULGH
6ROXWLRQ 3UHSDUHG
)URP&DOFLXP&KORULGH
'LK\GUDWH,Q'H
0LQHUDOL]HG:DWHU 

1XWULHQW
IRUFXOWXUH

0DJQHVLXP6XOIDWH
6ROXWLRQ 3UHSDUHG
)URP0DJQHVLXP
6XOIDWH+HSWDK\GUDWH
,Q'H0LQHUDOL]HG
:DWHU$QG6XOIXULF
$FLG  1RWHWKLVFDQEH
DVXEVWLWXWHIRU
0DQJDQHVH6XOIDWH
0RQRK\GUDWH 

1XWULHQW
IRUFXOWXUH

*ODQDSRQ
$QWLIRDP

$QWLIRDP

&)5


&)5


&)5




*0)3

(b) (4)

*UDGHRIPDWHULDO

(b) (4)

&DOFLXP&KORULGH
ZW
'LK\GUDWH
&D&O +2 
&DOFLXP+\GUR[LGHDV ZW
&D 2+ 
S+ YLDVXOIXULFDFLG 

*0)3XVHG
DVDQXWULHQW
DQGRUGLHWDU\
VXSSOHPHQW

6HH6HFWLRQ


6RGLXP&KORULGHDV
1D&O
0DJQHVLXP&KORULGH
DV0J&O
&DOFLXP6XOIDWHDV
&D62
,URQDV)H
*UDGHRIPDWHULDO

ZW

0DJQHVLXP6XOIDWH
+HSWDK\GUDWH
0J62 +2 
S+ YLDVXOIXULFDFLG 
&KORULGHDV&O

ZW

SSP

,URQDV)H

SSP

+HDY\PHWDOVDV3E
$UVHQLFDV$V
*UDGHRIPDWHULDO

SSP
SSP
1$

0L[WXUHRIIDWW\DFLG
HVWHUVDQG(232
&RSRO\PHUV

ZW

ZW
ZW
ZW



)'$&90DOVRUDLVHGTXHVWLRQVUHJDUGLQJWKHOHYHOVDQGSRVVLEOHFRQFHQWUDWLRQRIQLFNHO
1L DQGPHUFXU\ +J LQ)HHG.LQG:HSURYLGHGDVSHFLILFDWLRQIRUQLFNHOLQ7DEOHRQSDJH
RIWKH*5$61DQGWKHVDIHW\RISRWHQWLDOQLFNHOLQ)HHG.LQGZDVSUHYLRXVO\GLVFXVVHGLQ
VHFWLRQRQSDJHRIWKH*5$61$VIRUPHUFXU\DVSHFLILFDWLRQKDVEHHQVHWLQ
UHYLVHG7DEOHSURYLGHGEHORZ1RWHDOVRWKDWWKHVDIHW\RISRWHQWLDOPHUFXU\LQ)HHG.LQG
ZDVSUHYLRXVO\GLVFXVVHGLQVHFWLRQRQSDJHRIWKH*5$61
)RUKXPDQH[SRVXUHWR+JLQILVK15&  VHWDPD[LPXPWROHUDEOHOHYHO 05/ RI
J+JNJEZGD\IRUKXPDQH[SRVXUHEDVHGRQWKHSRWHQWLDOIRUHIIHFWVRQWKH
QHXURGHYHORSPHQWRIFKLOGUHQH[SRVHGLQXWHURWRPHWK\OPHUFXU\ 0H+J IURPPDWHUQDOILVK
LQJHVWLRQ
$FRQVHUYDWLYHXSSHUOLPLW DQGVSHFLILFDWLRQ IRUWKH+JFRQFHQWUDWLRQLQ)HHG.LQGZDV
FDOFXODWHGIRUWKHSURWHFWLRQRIKXPDQKHDOWKEDVHGRQWKH05/IRUKXPDQH[SRVXUHDVVXPLQJ
WKDWVDOPRQRUWURXWDUHUDLVHGRQIHHGFRQWDLQLQJWKHPD[LPXPSURSRVHGXVHOHYHORI)HHG.LQG
LH H[FOXVLYHO\DQGWKDWRIWKH+JLQ)HHG.LQGLVLQWKHIRUPRI0H+J
$GGLWLRQDODVVXPSWLRQVLQFOXGHG
x
x
x
x

&XPXODWLYHIHHGFRQVXPHGE\WKHWDUJHWDQLPDOSHUZHLJKWRIHGLEOHWLVVXH LHDQG
NJIHHGNJHGLEOHERG\ZHLJKWIRU$WODQWLFVDOPRQDQGWURXWUHVSHFWLYHO\ 
RIWKH+JLQWDNHIURPWKHIHHGDFFXPXODWHVLQWKHHGLEOHILVKWLVVXH
+LJKFKURQLFGDLO\FRQVXPSWLRQRIVDOPRQRUWURXWE\KXPDQVLVHTXDOWRWKHWK
SHUFHQWLOHGDLO\LQJHVWLRQOHYHORIDOOILQILVK LHNJGD\ 
%RG\ZHLJKWNJ

%DVHGRQWKHVHH[DJJHUDWLYHDVVXPSWLRQVWKHXSSHUOLPLWRIWKH+JFRQFHQWUDWLRQLQ
VDOPRQRUWURXWLVJNJ LHPJNJ ZKLFKZDVGHULYHGDVIROORZV
x

x

*HQHUDO(TXDWLRQ05/ JNJEZGD\ [EZ NJ ·>(GLEOH)LVK7LVVXH&RQVXPSWLRQ
NJGD\ [)LVK)HHG&RQVXPHGSHU(GLEOH7LVVXH3URGXFHG NJNJ @[0D[LPXP
)HHGNLQG&RQFHQWUDWLRQLQ)LVK)HHG   +J&RQFHQWUDWLRQ/LPLWLQ)HHG.LQG
JNJ 
)RU6DOPRQJNJEZGD\[NJ· NJ[NJNJ [ JNJ



05/ PD[LPXPWROHUDEOHOHYHO WKHGRVHWKDWFDQEHLQJHVWHGIRUDOLIHWLPHZLWKRXWVLJQLILFDQWULVNRI
DGYHUVHHIIHFWVWKH05/IRU0H+JDVVXPHVNJPDWHUQDO%:

,QFRPSDULVRQWKH81)$2DQG:+2VHWDPD[LPXPPHUFXU\LQWDNHRIJNJEZGD\WRSURWHFWWKH
GHYHORSLQJIHWXVDQG$76'5UHFRPPHQGHGWKDWSUHJQDQWZRPHQGRQRWFRQVXPHILVKFRQWDLQLQJPRUHWKDQJ
+JNJ15&  QRWHGWKDWWKHVHDJHQFLHV³VWUHVVHGWKDWSXEOLFKHDOWKDXWKRULWLHVVKRXOGNHHSLQPLQGWKDWILVK
SOD\DNH\UROHLQPHHWLQJQXWULWLRQDOQHHGVLQPDQ\FRXQWULHV´15&  DOVRVWDWHGWKDW86)'$¶V³DFWLRQ
OHYHO´IRU0H+JLVJNJIRUILVKLQLQWHUVWDWHFRPPHUFH+RZHYHU)'$¶V&RPSOLDQFH3ROLF\*XLGH &3* 
ZKLFKZDVXSGDWHGLQQRZVWDWHVWKDWWKH³DFWLRQOHYHO´IRU0H+JKDVLQFUHDVHGWRJNJ

6HH7DEOHLQ)U\-30DLOORX[1$/RYH'&0LOOL0&&DR/  )HHGFRQYHUVLRQHIILFLHQF\LQ
DTXDFXOWXUHGRZHPHDVXUHLWFRUUHFWO\"(QYLURQ5HV/HWW
KWWSVLRSVFLHQFHLRSRUJDUWLFOHDDDSGI

6HH7DEOHLQ6PLFLNODV:ULJKW+0LWFKHOO'&0LFNOH6-&RRN$-*ROGPDQ-'  86'$
&RQWLQXLQJ6XUYH\RI)RRG,QWDNHVE\,QGLYLGXDOV &6),, 

15&  VSHFLILHVDQ05/RIPJ+JNJEZGD\IRUDNJSHUVRQ



x

)RU7URXWJNJEZGD\[NJ· NJ[NJNJ [ JNJ

5RXQGLQJGRZQIURPWKHORZHVWRIWKHVHYDOXHV LHJNJ \LHOGVDOLPLWRI
JNJIRU+JLQ.HHG.LQG
)RUWKHSURWHFWLRQRIWKHKHDOWKRIWKHILVK1$6  VSHFLILHGDQ07/RIPJNJ LH
JNJ IRU0H+JLQWKHGLHW EXWQR07/IRULQRUJDQLF+J ZKLFKLVWZRRUGHUVRI
PDJQLWXGHJUHDWHUWKDQWKHJNJVSHFLILFDWLRQGHULYHGIRUWRWDO+JLQ)HHG.LQG
7KHUHYLVHG7DEOHZLWKWKHPHUFXU\VSHFLILFDWLRQLVSURYLGHGEHORZ
5(9,6('7DEOH)HHG.LQG6SHFLILFDWLRQV

6SHFLILFDWLRQV

&KHPLFDO
0LQLPXP 0D[LPXP
&RPSRVLWLRQ

8QLWV

7HVW0HWKRG

&UXGH
3URWHLQ

GU\ZHLJKW

'80$6PHWKRG

&UXGH)DW

GU\ZHLJKW

PRGLILHG:HLEXOO$FLG+\GURO\VLV
0HWKRG

&UXGH)LEHU

GU\ZHLJKW

$2&6%DD%D$2$&
6XVLQJ*UDYLPHWU\

$VK

GU\ZHLJKW

$2$&6XVLQJ
*UDYLPHWU\

0RLVWXUH

ZZ

(b) (4)

1LFNHO

PJNJ

$2$&6
XVLQJ*UDYLPHWU\

,&32(6



(b) (4)

0HUFXU\

PJNJ

0LFURELRORJLFDO/LPLWV

,&306

/LPLWV

7HVW0HWKRG
(b) (4)

0HVRSKLOLF$HURELF
3ODWH&RXQW

$2$&

0ROG

$2$&)'$%$0&KDSWHU


<HDVW

$2$&)'$%$0&KDSWHU


)RUFRQYHQLHQFHEHORZZHSURYLGHWKHVHFWLRQVDQGSDJHQXPEHUVIRUDOORIWKHUDZPDWHULDO
VDIHW\DQDO\VHVGLVFXVVHGLQWKH*5$61
x
x
x
x
x
x

6HFWLRQ
6HFWLRQ
6HFWLRQ
6HFWLRQ
6HFWLRQ
6HFWLRQ

SDJH
SDJH
SDJH
SDJH
SDJH
SDJH

±6DIHW\RI1DWXUDOJDVLQFOXGLQJPHWKDQH
±0HUFXU\VDIHW\
±1LFNHOFKORULGHKH[DK\GUDWHVDIHW\
±1LWULFDFLGVDIHW\
±'HIRDPHUDXWKRUL]DWLRQ
±+HDY\PHWDOVDIHW\



,,

7HVWLQJIRU3RWHQWLDO&RQWDPLQDQW&RQFHQWUDWLRQ

'XULQJSURGXFWLRQUXQV&DO\VWDFRQGXFWVGDLO\WHVWLQJIRUFRPSRVLWLRQDODQDO\VHV HJ
SURWHLQDVKPRLVWXUHHWF DVZHOODVSHULRGLF DSSUR[LPDWHO\ZHHNO\ WHVWLQJDQGPRQLWRULQJRI
WKH)HHG.LQGSURGXFW7KLVSHULRGLFWHVWLQJLQFOXGHVDQDO\VHVRISRWHQWLDOKHDY\PHWDO
FRQWDPLQDQWFRQFHQWUDWLRQLQWKHFRQWLQXRXVIHUPHQWDWLRQUXQLQFOXGLQJIRUOHDG 3E FDGPLXP
&G DQGDUVHQLF $V 7HVWUHVXOWVIURPWKUHHVHSDUDWHFRQWLQXRXVIHUPHQWDWLRQUXQV LH
7((67((6DQG7((6 DUHSURYLGHGEHORZLQ7DEOH$ZKLFK
VXPPDUL]HVWKHILUVWODVWDQGUDQJHRIDQDO\WLFDOUHVXOWVREWDLQHGIURPWKHWKUHHIHUPHQWDWLRQ
UXQV6DPSOHVDUHQXPEHUHGVHTXHQWLDOO\ LH7((6LVIURP'D\DQG7((6LV
IURPGD\ 5HVXOWVIRU7((6EHJLQDIWHUDQLQLWLDOH[SHULPHQWDOSHULRGRIGD\VLQ
ZKLFKWKHHDUO\EDWFKHVZHUHQRWVXEMHFWHGWRDKHDWNLOOVWHS7KHVHEDWFKHVZHUHGHHPHGWREH
QRWVXLWDEOHGXHWRXQGHVLUDEOHPLFURELDOJURZWKDQGZHUHGLVFDUGHG7KHKHDWNLOOVWHSLV
LQFOXGHGLQWKHSURGXFWLRQSURFHVVIRUDOOFRPPHUFLDOEDWFKHV6XEVHTXHQWEDWFKHVIRUZKLFK
UHVXOWVDUHUHSRUWHGLQ)LJXUH&ZHUHVXEMHFWHGWRWKHKHDWNLOOVWHS5HVXOWVIRUPHUFXU\ +J 
DQGQLFNHO 1L DUHDOVRSURYLGHGZKHUHDYDLODEOH
7DEOH$6XPPDU\RIKHDY\PHWDOFRQFHQWUDWLRQVGXULQJFRQWLQXRXVIHUPHQWDWLRQUXQV

$QDO\WH
PJNJ 
)LUVW
/DVW
5DQJH
)LUVW
/DVW
5DQJH
)LUVW
/DVW
5DQJH

3E

7((6
&G
$V

+J

1L
(b) (4)








7((6




1$
(b) (4)








7((6






(b) (4)
















)LJXUHV$&SORWWKHFRQFHQWUDWLRQRIWKHVSHFLILHGKHDY\PHWDOVGXULQJWKHWKUHH
FRQWLQXRXVIHUPHQWDWLRQUXQV

)LJXUHV$&&RQFHQWUDWLRQRIKHDY\PHWDOVGXULQJWKUHHVHSDUDWHFRQWLQXRXV
IHUPHQWDWLRQUXQV1LFNHOFRQFHQWUDWLRQVLQ)LJXUH%DQG)LJXUH&DUHSORWWHGRQWKHULJKW
D[LV

)LJXUH$

TEES-004
(b) (4)

Sample
Lead

Cadmium

Arsenic

Mercury

)LJXUH%

TEES-005

(b) (4)

Sample
Lead

Cadmium

Arsenic

Mercury

Nickel



)LJXUH&

TEES-009

(b) (4)

Sample
Lead

Cadmium

Arsenic

Mercury

Nickel

7KHWHVWGDWDDQGILJXUHSORWWLQJFOHDUO\LQGLFDWHVWKDWWKHUHLVQRFRQFHQWUDWLRQRIDQ\
KHDY\PHWDOVRYHUWKHFRXUVHRIPXOWLSOHFRQWLQXRXVIHUPHQWDWLRQUXQV
7KH1$6  07/VIRUWKHSURWHFWLRQRIWKHKHDOWKLQILVKLVDQG
PJNJLQILVKIHHGIRUDUVHQLFFDGPLXPOHDGPHWK\OPHUFXU\DQGQLFNHOUHVSHFWLYHO\7KH
IHHGZLOOFRQWDLQQRPRUHWKDQ)HHG.LQG7KXV)HHG.LQGFRQWDLQLQJQRPRUHWKDQ
DQGPJNJDUVHQLFFDGPLXPOHDGPHWK\OPHUFXU\DQGQLFNHOUHVSHFWLYHO\
FDQQRWLQFUHDVHWKHFRQFHQWUDWLRQVRIWKHVHPHWDOVLQWKHIHHGDERYHWKHLUUHVSHFWLYH07/V$V
QRWHGDERYHDFRQVHUYDWLYHXSSHUOLPLWVSHFLILHGIRUFKURQLFH[SRVXUHWR+JLQ)HHG.LQG
EDVHGRQWKH1$6  05/IRU0H+JIRUWKHSURWHFWLRQRIKXPDQKHDOWKDQGDFRPSLODWLRQ
RIH[DJJHUDWLYHH[SRVXUHDVVXPSWLRQVLVPJNJ$VVKRZQLQ7DEOH$DQG)LJXUHV$%
DQG&WKHFRQFHQWUDWLRQVRIDUVHQLFFDGPLXPOHDGDQGQLFNHOLQWKH)HHG.LQGVDPSOHV
DQDO\]HGZHUHZHOOEHORZWKHLUUHVSHFWLYH1$6  07/VDQGWKH+JFRQFHQWUDWLRQVZHUH
ZHOOEHORZWKH07/IRU0H+JDQGWKHVSHFLILFDWLRQIRU+JGHULYHGDERYHIURPWKH1$6  
05/IRU0H+JIRUWKHSURWHFWLRQRIKXPDQKHDOWK
7KHUHIRUHLWFDQEHFRQFOXGHGWKDWWKHKHDY\PHWDOVGRQRWSRVHDQ\SRWHQWLDO
FRQWDPLQDWLRQRUVDIHW\FRQFHUQV7RHQVXUHIXWXUHSURGXFWVFRQWDLQVLPLODUOHYHOVWRWKHGDWD
SURYLGHGDERYH&DO\VWDZLOOPDLQWDLQFXUUHQWWHVWLQJDQGPRQLWRULQJSURWRFROVLQDGGLWLRQWR
DGKHULQJWRWKHUDZPDWHULDOVSHFLILFDWLRQVLQUHYLVHG7DEOH
,,,

&RQFOXVLRQ

%DVHGRQWKHSURYLGHGUDZPDWHULDOVSHFLILFDWLRQVDQGDYDLODEOHWHVWUHVXOWVIRUSRWHQWLDO
KHDY\PHWDOFRQWDPLQDQWFRQFHQWUDWLRQLQWKHFRQWLQXRXVIHUPHQWDWLRQUXQZHFRQFOXGHWKDW


)RUH[DPSOHIHHGFRQWDLQLQJ)HHG.LQGFRQWDLQLQJPJ$VNJZRXOGKDYHQRPRUHWKDQPJ
$VNJLIWKHDUVHQLFFRQFHQWUDWLRQLQWKHRWKHULQJUHGLHQWVRIWKHIHHGFRPELQHGLVQRPRUHWKDQPJ$VNJ LH
WKH07/IRU$V 



WKHUHLVQRFRQFHQWUDWLRQRIKHDY\PHWDOVLQWKHILQLVKHG)HHG.LQGSURGXFWDQGWKHUHIRUH
DGGLWLRQDOILQLVKHGSURGXFWVSHFLILFDWLRQVDUHQRWUHTXLUHG:HIXUWKHUFRQFOXGHWKDWWKHUHDUHQR
RWKHUUDZPDWHULDOVWKDWSUHVHQWSRWHQWLDOFRQWDPLQDWLRQFRQFHUQV7KXVWKHXVHRIWKHUDZ
PDWHULDOVLQWKHFRQWLQXRXVIHUPHQWDWLRQSURFHVVDVLQGLFDWHGLQWKH*5$61GRQRWSRVHDQ\
VDIHW\FRQFHUQV



3DUW%6WDWHPHQWRI'UV-XGLWK7=HOLNRIIDQG'DQLHO:LHUGD
,

6WDWHPHQW,QWURGXFWLRQ

:HKDYHEHHQUHTXHVWHGE\&DO\VWD,QFWRUHYLHZUHOHYDQWVDIHW\GDWDPXFKRIZKLFKLV
SDUWRIWKHSHQGLQJ*5$6QRWLFHVXEPLWWHGWR)'$:HKDYHUHYLHZHGWKHVHDQGRWKHUGDWD
UHIHUHQFHGEHORZ DQGRIIHUWKHIROORZLQJVWDWHPHQWVDQGFRQFOXVLRQ
%\ZD\RIEDFNJURXQGZHXQGHUVWDQGIURP&DO\VWDWKDWWKH86)RRGDQG'UXJ
$GPLQLVWUDWLRQ&HQWHUIRU9HWHULQDU\0HGLFLQH &90 H[SUHVVHGFRQFHUQWKDWHOHYDWLRQLQ
VHUXP,J*DOHYHOVUHSRUWHGLQPLFHVXJJHVWVWKHSRWHQWLDOIRUORQJWHUPGLHWDU\H[SRVXUHVWR
)HHG.LQG HTXLYDOHQWWR%LRSURWHLQ WRSRVHDULVNRIFKURQLFLQIODPPDWLRQLQVDOPRQLGV
6SHFLILFDOO\&KULVWHQVHQHWDO  FKDUDFWHUL]HGWKHVHUXPDQGVDOLYDU\DQWLERG\
SURILOHVRIPLFHH[SRVHGWR%LRSURWHLQ %3 DQGQXFOHLFDFLGUHGXFHG%LRSURWHLQ 15%3 LQWKH
GLHW7KHVHLQYHVWLJDWRUVIRFXVHGSDUWRIWKHLUVWXG\RQ,J$SURGXFWLRQEHFDXVHRILWV
DVVRFLDWLRQZLWKJXWLPPXQLW\DQGDQRWKHUSDUWRIWKHLUVWXG\RQ,J0,J*DQG,J*D
SURGXFWLRQ&KULVWHQVHQHWDO  UHSRUWHGWKDWWKH,J*UHVSRQVHDEDWHGEXWWKH,J*D
UHVSRQVHZDVVXVWDLQHGLQPLFHDIWHUWKHGLHWFRQWDLQLQJ153%ZDVUHSODFHGZLWKWKHFRQWURO
GLHW)URPWKLVREVHUYDWLRQZHXQGHUVWDQGWKDW&90SRVWXODWHGDFDXVHIRUFRQFHUQWKDWFKURQLF
IHHGLQJRI)HHG.LQGWRDQLPDOVPD\EHGHWULPHQWDOEHFDXVH,J*DFDQEHDPDUNHUIRU
LQIODPPDWLRQ
([WHQVLYHSXEOLVKHGFKURQLFDQGVXEFKURQLFH[SRVXUHVWXGLHVGHPRQVWUDWHWKDW
VDOPRQLGVWKULYHRQGLHWVFRQWDLQLQJXSWRRUPRUH%3ZLWKQRVLJQVRILQIODPPDWLRQRU
RWKHUDGYHUVHKHDOWKHIIHFWVWKDWFDQEHDWWULEXWHGWR)HHG.LQG,QDGGLWLRQLQRWKHUSXEOLVKHG
VWXGLHVGLHWDU\%3DQWDJRQL]HVWKHZHOONQRZQLQIODPPDWRU\UHVSRQVHVWRGLHWDU\VR\EHDQPHDO
6%0 REVHUYHGLQWKHJXWRIVDOPRQ&DO\VWDFRQFOXGHGIURPWKHVHVWXGLHVWKDW)HHG.LQG
GRHVQRWSURGXFHDGYHUVHKHDOWKHIIHFWVLQVDOPRQLGVWKURXJKDQLPPXQRJHQLFPHFKDQLVP:H
XQGHUVWDQGWKDW&90UHVSRQGHGWKDWLWZRXOGEHDFFHSWDEOHWRDGGUHVVWKHLUFRQFHUQE\
SURYLGLQJDVWDWHPHQWIURPWKHSXEOLVKHGOLWHUDWXUHFRQILUPLQJWKDWWKHWR[LFLW\HQGSRLQWVRIWKH
H[LVWLQJVDOPRQLGVWXGLHVDUHDSSURSULDWHIRUGHPRQVWUDWLQJQRDGYHUVHKHDOWKHIIHFWVDWWULEXWDEOH
WRDQWLERG\PHGLDWHG LHKXPRUDO UHVSRQVHVWR)HHG.LQGLQWKHGLHW

&KULVWHQVHQ+5/DUVHQ/&)U¡N U+  7KHRUDOLPPXQRJHQLFLW\RI%3DEDFWHULDOVLQJOHFHOO
SURWHLQLVDIIHFWHGE\LWVSDUWLFXODWHQDWXUH%ULW-1XWU

%HUJH*0HWDO  %DFWHULDOSURWHLQJURZQRQQDWXUDOJDVDVSURWHLQVRXUFHLQGLHWVIRU$WODQWLF
VDOPRQ6DOPRVDODULQVDOWZDWHU$TXDFXOWXUH$DV76HWDO D ,PSURYHGJURZWKDQGQXWULHQW
XWLOL]DWLRQLQ$WODQWLFVDOPRQ 6DOPRVDODU IHGGLHWVFRQWDLQLQJDEDFWHULDOSURWHLQPHDO$TXDFXOWXUH
$DV76HWDO E (IIHFWVRIGLHWVFRQWDLQLQJDEDFWHULDOSURWHLQPHDORQJURZWKDQGIHHGXWLOL]DWLRQLQUDLQERZ
WURXW 2QFRUK\QFKXVP\NLVV $TXDFXOWXUH6WRUHEDNNHQ7HWDO  %DFWHULDOSURWHLQJURZQRQ
QDWXUDOJDVLQGLHWVIRU$WODQWLFVDOPRQ6DOPRVDODULQIUHVKZDWHU$TXDFXOWXUH6HHVXPPDULHVRI
WKHVHVWXGLHVLQWKH*5$61RWLFHIRU'ULHG0HWK\ORFRFFXVFDSVXODWXV3URGXFW VXEPLWWHGWR86)'$&90RQ
 

5RPDUKHLP2+HWDO  %DFWHULDJURZQRQQDWXUDOJDVSUHYHQWVR\EHDQPHDOLQGXFHGHQWHULWLVLQ
$WODQWLFVDOPRQ-1XWU5RPDUKHLP2+HWDO  3UHYHQWLRQRIVR\DLQGXFHGHQWHULWLVLQ
$WODQWLFVDOPRQ 6DOPRVDODU E\EDFWHULDJURZQRQQDWXUDOJDVLVGRVHGHSHQGHQWDQGUHODWHGWRHSLWKHOLDO0+&,,
UHDFWLYLW\DQG&'ĮLQWUDHSLWKHOLDOO\PSKRF\WHV%U-1XWU  



&DO\VWDXQFRYHUHGQROLWHUDWXUHWKDWH[SOLFLWO\DGGUHVVHVWKHFRQFHUQWKDWLQFUHDVHGVHUXP
,J*DOHYHOVRURWKHUKXPRUDOHIIHFWVLQDQLPDOVIHGGLHWVFRQWDLQLQJSURWHLQSURGXFWVGHULYHG
IURPEDFWHULDRUIURPRWKHUVRXUFHVFDQFDXVHLQIODPPDWLRQ:HDUHDOVRDZDUHRIQRVXFK
\ DVROLFLWHGRXURSLQLRQDVLQGHSHQGHQWVSHFLDOLVWVLQWKHILHOGVRIILVKDQG
S
S
S
OLWHUDWXUH7KXV&DO\VWDVROLFLWHGRXURSLQLRQDVLQGHSHQGHQWVSHFLDOLVWVLQWKHILHOGVRIILVKDQG
PDPPDOLDQLPPXQRWR[LFRORJ\WRGHWHUPLQHZKHWKHUWKHGDWDIURPWKHDYDLODEOHVWXGLHVVXSSRUWV
PDPPDOLDQLPPXQRWR[LFRORJ\WRGHWHUPLQHZKHWKHUWKHGDWDIURPWKHDYDLODEOHVWXGLHVVXSSRUWV
J\
DFRQFOXVLRQRIDUHDVRQDEOHFHUWDLQW\RIQRKDUPWRVDOPRQLGVIHG)HHG.LQG
DFRQFOXVLRQRIDUHDVRQDEOHFHUWDLQW\RIQRKDUP
D
WRVDOPRQLGVIHG)HHG.LQGDWWKHPD[LPXP
LQWHQGHGXVHOHYHORILQWKHGLHW2XUFXUULFXOXPYLWDHDUHDWWDFKHGWRWKLVDPHQGPHQW
UFXUULFXOXPYLWDH
:HKDYHUHYLHZHGWKHSXEOLVKHGURGHQWDQGVDOPRQLGVWXGLHVWRJHWKHUZLWKVXSSRUWLQJ
XQSXEOLVKHGVWXGLHVDQGFRQFOXGHWKDWWKHFRQFHUQSRVWXODWHGE\&90LVQRWYDOLGDQGLVQRW
VXSSRUWHGE\WKHFXUUHQWVFLHQWLILFOLWHUDWXUH&ROOHFWLYHO\WKHVWXGLHVZHKDYHUHYLHZHGDQG
GLVFXVVHGEHORZSURYLGHUHDVRQDEOHFHUWDLQW\RI QRKDUPWRVDOPRQLGVH[SRVHGWR)HHG.LQG
HTXLYDOHQWWR%3 :HWKHUHIRUHFRQFOXGHWKDWEDVHGRQWKHSXEOLVKHGVWXGLHVDVVXSSRUWHGE\
WKHXQSXEOLVKHGVWXGLHV)HHG.LQGLVJHQHUDOO\UHFRJQL]HGDVVDIH *5$6 LQWKHGLHWRI
VDOPRQLGVDWWKHLQWHQGHGXVHFRQFHQWUDWLRQV7KHSXEOLVKHGDQGXQSXEOLVKHGVWXGLHVDUHEULHIO\
VXPPDUL]HGEHORZIROORZHGE\DGLVFXVVLRQRIWKHUHOHYDQWLQIRUPDWLRQDQGUDWLRQDOHOHDGLQJWR
WKHFRQFOXVLRQRIWKLVRSLQLRQ
,,

3HUWLQHQW5RGHQW6WXGLHV

&KULVWHQVHQHWDO  IHGPLFHIRUGD\VDGLHWFRQWDLQLQJRQHRIWKHIROORZLQJ
FDVHLQ FRQWUROV 15%315%3RU%37KH15%3ZDVSUHSDUHGE\DGGLQJ
)H62WR%3DQGVXEMHFWLQJWKHPL[WXUHWRKHDWVKRFNWUHDWPHQWWRDFWLYDWHHQGRJHQRXV51DVH
DQG'1DVHDQGWKHQLQFXEDWLQJDW&WRDOORZWKHDFWLYDWHGHQ]\PHVWRGHJUDGHWKHQXFOHLF
DFLGV&KULVWHQVHQHWDO  IRXQGWKDW%3VSHFLILFWRWDO,J,J$,J*DQG,J*DDQWLERG\
WLWHUVLQEORRGDQG%3VSHFLILF,J$DQWLERG\OHYHOVLQVDOLYDZHUHVLJQLILFDQWO\HOHYDWHGLQPLFH
H[SRVHGWR%3RUWR15%3FRPSDUHGZLWKFRQWUROV1RVWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHVZHUH
IRXQGLQWKHVHSDUDPHWHUVLQWKHPLFHH[SRVHGWR%3FRPSDUHGZLWKWKHPLFHH[SRVHGWR
15%37KHDXWKRUVIRXQGWKDWWKHWUHDWPHQWSHUIRUPHGWRUHGXFHWKHQXFOHLFDFLGFRQWHQW
KDGQRHIIHFWRQWKHRUDOLPPXQRJHQLFLW\RI%3DOWKRXJKKRPRJHQL]DWLRQWRUHPRYHWKH
SDUWLFXODWHSKDVHRIWKH%3UHGXFHGWKHV\VWHPLFLPPXQRJHQLFLW\RIWKHFRPSRXQG
$QDGGLWLRQDOJURXSRIPLFHLQWKHVDPHVWXG\UHFHLYHG15%3IRUGD\VIROORZHG
E\DFRQWUROGLHWIRUGD\V$IWHUFHVVDWLRQRIH[SRVXUHWR15%3VHUXP,J$OHYHOVGHFOLQHG
SUHFLSLWRXVO\WRFRQWUROOHYHOVE\GD\WRWDOVHUXP,JDQG,J*OHYHOVGHFOLQHGVWHDGLO\WR
DSSUR[LPDWHO\DQGUHVSHFWLYHO\E\GD\DQG,J$LQVDOLYDDQG,JDLQVHUXP
UHPDLQHGDWDSSUR[LPDWHO\DQGUHVSHFWLYHO\E\GD\&KULVWHQVHQHWDO  
FRQFOXGHGWKDW%3VSHFLILF,J$OHYHOVZHUHLQGXFHGVROHO\DWPXFRVDOVLWHVZLWKRXWDV\VWHPLF
,J$UHVSRQVHDQGWKDWWKHIDFWRUVVXSSRUWLQJD7K,J*$UHVSRQVHPD\EHPRUHHIILFLHQWO\
FOHDUHGIURPWKHLPPXQHV\VWHPWKDQWKHIDFWRUVVXSSRUWLQJD7K,J*UHVSRQVH,Q
PDPPDOV7KFHOOVDUHDVVXPHGWREHDVVRFLDWHGZLWKJHQHUDWLRQRI,J*&KULVWHQVHQHWDO
 DOVRVXJJHVWHGWKDWSURORQJHGH[SRVXUHWR%3RU15%3LQWKHGLHWPD\UHVXOWLQWKH
PDLQWHQDQFHRIDEDODQFHEHWZHHQWKHOHYHOVRI,J*DQG,J*$DQGWKXVEHWZHHQ7KW\SH
SURLQIODPPDWRU\ F\WRNLQHVDQG7KW\SH DQWLLQIODPPDWRU\ F\WRNLQHV6XFKDEDODQFH
FRXOGUHGXFHRUHOLPLQDWHDQ\ULVNRIFKURQLFLQIODPPDWLRQWKDWPLJKWH[LVWLQPDPPDOLDQWDUJHW


VSHFLHVIHGGLHWVFRQWDLQLQJ%3
&KULVWHQVHQHWDO  QRWHGWKDWWKHV\VWHPLFDQWLERG\UHVSRQVHVREVHUYHGLQWKHLU
VWXG\LQPLFHH[SRVHGWR%3RU15%3PD\EHUHODWHGWRWKHDFFXPXODWLRQRIIRDP\
PDFURSKDJHVLQWKHPHVHQWHULFO\PSKQRGHV 0/1V DVUHSRUWHGE\0¡OFNHWDO  LQUDWV
H[SRVHG15%3LQWKHGLHWIRUGD\V5HODWHGHIIHFWVZHUHUHSRUWHGE\*OHUXS  LQUDWV
UHFHLYLQJ%3LQWKHGLHWIRUGD\V+RZHYHUWKHVHDQGRWKHUVXEFKURQLFRUDOH[SRVXUHVWXGLHV
GHPRQVWUDWHGWKDW%3OHYHOVXSWRDQGLQFOXGLQJLQWKHGLHWRIUDWV\LHOGHGPLQLPDOWRQR
HYLGHQFHRILQIODPPDWLRQLQWKHLQWHVWLQHVRURWKHURUJDQVH[DPLQHGDQGQRVLJQVRI
HQGRWR[HPLD
$FFRUGLQJO\*OHUXS  UHSRUWHGVLPLODUUHVXOWVLQDQXQSXEOLVKHGVWXG\LQUDWV
UHFHLYLQJXSWRDQGLQFOXGLQJ%UHZHU¶V\HDVWIRUGD\V&KULVWHQVHQHWDO  
UHSRUWHGWKDWPLFHH[SRVHGWRVR\SURWHLQLQWKHGLHWRULQGULQNLQJZDWHUDFURVVJHQHUDWLRQV
))DQG) H[KLELWHGDQWLERG\UHVSRQVHVFRLQFLGLQJZLWKWKHLQGXFWLRQRIRUDOWROHUDQFHDQG
WKDWWKHVHDSSHDUWREHFRPPRQO\VHHQUHVSRQVHVWRWKHLQJHVWLRQRIVR\SURWHLQ7KH
LPPXQRJHQLFLW\RIRUDOO\DGPLQLVWHUHG%3LQPLFHPD\EHDQDORJRXVWRWKRVHRI%UHZHU¶V\HDVW
VR\SURWHLQDQGRURWKHUSURWHLQVRXUFHVFRPPRQO\XVHGLQDQLPDOIHHGVLQFOXGLQJWKHLQGXFWLRQ
RIRUDOWROHUDQFH
7KHVWUXS  HYDOXDWHGWKHVHUXPDQWLERG\GDWDIURPWZRXQSXEOLVKHGVWXGLHVLQ
ZKLFKUDWVUHFHLYHG%3RU%UHZHU¶V\HDVWLQWKHGLHW7KHVWXGLHVLQFOXGHGDRQHJHQHUDWLRQ
UHSURGXFWLYHWR[LFLW\VWXG\LQZKLFKWKHDQLPDOVZHUHIHGDGLHWFRQWDLQLQJRU%3RU
%UHZHU¶V\HDVWDVZHOODVDGD\VWXG\LQZKLFKMXYHQLOHUDWVZHUHIHGDGLHWFRQWDLQLQJ
%3
7KHRUDOH[SRVXUHVLQWKHVHVWXGLHVSURGXFHGHOHYDWLRQRI%3VSHFLILFVHUXPOHYHOVRI
,J$,J*,J*DQG,J*$D UDQJLQJIURPIROGIRU,J$WRIROGIRU,J*FRPSDUHGZLWK


0¡OFN$03RXOVHQ0&KULVWHQVHQ+5/DXULGVHQ670DGVHQ&  ,PPXQRWR[LFLW\RIQXFOHLFDFLG
UHGXFHG%3±DEDFWHULDOGHULYHGVLQJOHFHOOSURWHLQ±LQ:LVWDUUDWV7R[LFRORJ\

*OHUXS3  (LJKWZHHNO\PSKQRGHWR[LFLW\VWXG\LQWKHUDW6FDQWR[WHVWUHSRUWSUHSDUHGIRU'DQVN
%3$6/DE1R6HSWHPEHUSS

*OHUXS3  (LJKWZHHNO\PSKQRGHWR[LFLW\VWXG\LQWKHUDW6FDQWR[WHVWUHSRUWSUHSDUHGIRU'DQVN
%3$6/DE1R6HSWHPEHUSS6YHQGVHQ2'DPP-¡UJHQVHQ.  6LQJOHFHOOSURWHLQWKUHH
PRQWKRUDOWR[LFLW\VWXG\LQWKHUDW6FDQWR[WHVWUHSRUWSUHSDUHGIRU'DQVN%3$6/DE1R-XO\SS
7DNDZDOH3  %36WXG\LQMXYHQLOHUDWV6FDQWR[WHVWUHSRUWSUHSDUHGIRU1RUIHUP$66WXG\QR
2FWREHUSS7KHVWUXS+1  %3DQWLERG\UHVSRQVHVLQIHHGLQJVWXGLHV,QWHUQDOUHSRUW1RUIHUP'HQPDUN
2FWREHUSS

&KULVWHQVHQ+5%UL[6)U¡N U+  ,PPXQHUHVSRQVHLQPLFHWRLQJHVWHGVR\DSURWHLQDQWLERG\
DQWLERG\SURGXFWLRQRUDOWROHUDQFHDQGPDWHUQDOEDUULHU%ULW-1XWU

)RUH[DPSOHVHHKWWSVZZZIHHGLSHGLDRUJQRGHKWWSVIHHGLSHGLDRUJQRGH

7KHVWUXS+1  %3DQWLERG\UHVSRQVHVLQIHHGLQJVWXGLHV,QWHUQDOUHSRUW1RUIHUP'HQPDUN
2FWREHUSS

7DNDZDOH3  %36WXG\LQMXYHQLOHUDWV6FDQWR[WHVWUHSRUWSUHSDUHGIRU1RUIHUP$66WXG\QR
2FWREHUSS

&ODXVLQJDQG%¡JK  %32QHJHQHUDWLRQUHSURGXFWLRQWR[LFLW\VWXG\LQUDW6FDQWR[WHVWUHSRUW
SUHSDUHGIRU1RUIHUP$6/DE1R-DQXDU\SS

6HHDOVR1RIHUP$6  6XSSOHPHQWWR%3'RVVLHU6XEPLWWHGIRUUHJLVWUDWLRQRI%3LQWKH(8
XQGHUGLUHFWLYH((&



FRQWUROV 7KHDQWLERG\UHVSRQVHVZHUHRQHWRWZRRUGHUVRIPDJQLWXGHZHDNHUWKDQWKH
UHVSRQVHVREVHUYHGLQFRQWUROUDWVFKDOOHQJHGZLWK%3E\LSLQMHFWLRQ,QDGGLWLRQWKHDQWLERG\
UHVSRQVHVWRRUDOO\DGPLQLVWHUHG%3ZHUHHOHYDWHGLQWKHSDUHQWDODQLPDOVEXWQRWLQWKH
RIIVSULQJ,QWKHUDWVH[SRVHGWR%UHZHU¶V\HDVWVHUXP,J$,J*DQG,J*DOHYHOVVSHFLILFIRU
%UHZHU¶V\HDVWSURGXFHGHVVHQWLDOO\WKHVDPHSDWWHUQRIDQWLERG\UHVSRQVHVDVWKH%3VSHFLILF
DQWLERG\OHYHOVREVHUYHGLQWKHUDWVH[SRVHGWR%3
,QWKHGD\VWXG\WKHDQWLERG\UHVSRQVHVLQUDWVIHG%3EHJLQQLQJDWZHHNVRIDJH
ZHUHVLJQLILFDQWO\ORZHUWKDQWKRVHREVHUYHGLQUDWVIHG%3EHJLQQLQJDWZHHNVRIDJH
$VQRWHGE\7KHVWUXS  WKHUHVXOWVRIWKHRQHJHQHUDWLRQVWXG\DQGWKHGD\VWXG\
LQUDWVWDNHQWRJHWKHUFRXOGLQGLFDWHWKDWLPPXQRORJLFDOWROHUDQFHWR%3ZDVLQGXFHGLQUDWV
H[SRVHGRUDOO\WR%37KLVLQWHUSUHWDWLRQLVFRQVLVWHQWZLWKWKHUHVXOWVRIRWKHUVWXGLHVUHSRUWLQJ
PLQLPDOWRQRHYLGHQFHRILQIODPPDWLRQLQWKHLQWHVWLQHVRURWKHURUJDQVRIUDWVUHFHLYLQJ%3LQ
WKHGLHW
,QRWKHUH[SHULPHQWV&KULVWHQVHQHWDO  VKRZHGWKDWVSOHHQFHOOVIURPPLFH
H[SRVHGWR15%3H[KLELWHGDVWDWLVWLFDOO\VLJQLILFDQWLQFUHDVHLQVSOHQRF\WH O\PSKRF\WH 
SUROLIHUDWLRQLQGLFDWLQJWKDW7O\PSKRF\WHVZHUHDFWLYDWHGLQWKHH[SRVHGDQLPDOVDQGWKDWWKH
PXFRVDOLPPXQRJHQLFLW\EXWQRWWKHV\VWHPLFLPPXQRJHQLFLW\RIWKH15%3ZDVUHWDLQHGLQD
ZKROHFHOOIUHH%3KRPRJHQDWHLPSO\LQJWKDWWKHSDUWLFXODWHQDWXUHRI%3SOD\VDFUXFLDOUROHLQ
WKHV\VWHPLFLPPXQRJHQLFLW\RILQJHVWHG%37KHODWWHUHIIHFWVFDQEHDWWULEXWHGWRWKHPRUH
HIILFLHQWWUDQVIHURIODUJHUSDUWLFOHVIURPWKHPHVHQWHULFO\PSKQRGHV 0/1V WRWKHVSOHHQ
ZKLFKFRXOGHOLFLWV\VWHPLF,J*UHVSRQVHVFRPSDUHGZLWKVPDOOHUSDUWLFOHVLQWKHGLJHVWLYHWUDFW
7KHEDFWHULDOFHOOVDVVRFLDWHGZLWK%3DUHRSWLPXPLQVL]HIRUSDUWLDOV\VWHPLFWUDQVORFDWLRQ
WKURXJKWKH0/1VDQGSDUWLDOUHWHQWLRQLQWKH3H\HU¶VSDWFKHVRIWKHGLJHVWLYHWUDFWRI
PDPPDOLDQVSHFLHVZKLFKKHOSVWRH[SODLQZK\%3FRXOGLQGXFHDV\VWHPLFDVZHOODVD
PXFRVDOLPPXQHUHVSRQVHLQPDPPDOV
+RZHYHUWKHVHUHVXOWVDUHQRWLQFRQVLVWHQWZLWKWKHUHSRUWHGDEVHQFHRILQIODPPDWRU\
UHVSRQVHVDWWULEXWDEOHWR%3LQUDWVH[SRVHGWR%3LQWKHGLHW$V&KULVWHQVHQHWDO  QRWHG
WKHOLSRSRO\VDFFKDULGHV /36 RIWKHFHOOPHPEUDQHRI0HWK\ORFRFFXVFDSVXODWXVPD\EH
UHVSRQVLEOHIRUWKHDGMXYDQWFRPSRQHQWRI%37KH\DOVRQRWHGWKDWWKHPXFRVDODGMXYDQW
DFWLYLW\RI/36LVTXLWHFRPSOH[FRXOGHQKDQFHRUDOWROHUDQFHWRDQWLJHQVDQGYDULHV
VXEVWDQWLDOO\IURPRQHEDFWHULDOVSHFLHVWRDQRWKHULQWKHLUHIIHFWVRQDQWLJHQSUHVHQWLQJFHOOV
,,,

3HUWLQHQW6DOPRQLG6WXGLHV

%HUJHHWDO  IHGJURXSVRIVDOWZDWHUPDLQWDLQHG$WODQWLFVDOPRQDGLHWRI
RU%3IRUPRQWKV+LVWRORJLFDOH[DPLQDWLRQVLQGLFDWHGWKDWWKHPXFRVDRIWKH
GLVWDOLQWHVWLQHVZDVJHQHUDOO\QRUPDODFURVVDOORIWKHJURXSVLQFOXGLQJWKHQXPEHUVRI
DEVRUSWLYHYDFXROHVLQWKHHQWHURF\WHVRIWKHLQWHVWLQDOIROGVDQGDPRXQWVRIOHXFRF\WHV
LQILOWUDWLQJWKHPXFRVDDQGVXEPXFRVD2QHILVKLQWKH%3JURXSH[KLELWHGDVHYHUHO\


%HUJH*0% YHUIMRUG*6NUHGH$6WRUHEDNNHQ7  %DFWHULDOSURWHLQJURZQRQQDWXUDOJDVLQGLHWV
IRU$WODQWLFVDOPRQ6DOPRVDODULQVDOWZDWHU$TXDFXOWXUH



LQIODPHGLQWHVWLQDOPXFRVDEXWWKHERG\ZHLJKWDQGOHQJWKRIWKLVILVKZDVFORVHWRWKHWDQN
PHDQVDQGWKHUHZHUHQRH[WHUQDOVLJQVRIGLVHDVH7KHDXWKRUVFRQFOXGHGLQWKHLUSXEOLVKHG
VWXG\WKDWWKHUHZHUHQRVLJQVRIDQ\DOOHUJLFOLNHUHDFWLRQWR%3HYHQLQILVKH[SRVHGWR
%30LQWKHGLHWIRUPRQWKV
$DVHWDO D IHG$WODQWLFVDOPRQ%3LQWKHGLHWIRUGD\V7KHDXWKRUV
DWWULEXWHGWKHDEVHQFHRIDGYHUVHHIIHFWVRQPRUWDOLW\JURZWKUDWHVDQGRWKHULQGLFHVRIKHDOWKLQ
WKHVDOPRQH[SRVHGWRXSWR%3LQWKLVSHHUUHYLHZHGSXEOLVKHGVWXG\WRLPSURYHG
XWLOL]DWLRQRIWKHIHHGFRQWDLQLQJ%3
$DVHWDO E IHGUDLQERZWURXWRU%3RU%3DXWRO\VDWHLQWKH
GLHWIRUGD\V7KHUHZHUHQRVWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHVDFURVVWKHJURXSVLQPHDQ
ERG\ZHLJKWVSHFLILFJURZWKUDWH 6*5 IHHGLQWDNHRUIHHGHIILFLHQF\UDWLR )(5 RUOLYHURU
YLVFHUDWRERG\ZHLJKWUDWLRDWWKHHQGRIWKHH[SRVXUHSHULRG+LVWRSDWKRORJLFDOH[DPLQDWLRQV
UHYHDOHGQRH[SRVXUHUHODWHGFKDQJHVLQPRUSKRORJ\LQDQ\UHJLRQRIWKHJDVWURLQWHVWLQDOWUDFWRI
WKHILVKUHFHLYLQJXSWR%3,QDGGLWLRQWKHUHZHUHQRVLJQLILFDQWGLIIHUHQFHVREVHUYHG
EHWZHHQILVKIHGDXWRO\]HG%3DQGWKRVHIHG%3
5RPDUKHLPHWDO  IHGMXYHQLOH$WODQWLFVDOPRQIRUGD\VDFRQWUROKLJKTXDOLW\
ILVKPHDO )0 GLHWRUDGLHWLQZKLFKWKH)0ZDVLQFUHPHQWDOO\UHSODFHGWRFRQWDLQ
VROYHQWH[WUDFWHGVR\EHDQPHDO 6%0 %3RU6%0SOXV%30RUSKRORJLFDO
PRUSKRPHWULFDQGLPPXQRKLVWRFKHPLVWU\H[DPLQDWLRQVLQWKLVSXEOLVKHGVWXG\UHYHDOHGQRUPDO
LQWHVWLQDOWLVVXHLQVDOPRQUHFHLYLQJ)0DORQH%3RU6%0SOXV%3LQWKHGLHW,QFRQWUDVW
VDOPRQIHGGLHWVFRQWDLQLQJ6%0ZLWKRXW%3H[KLELWHG6%0LQGXFHGHQWHULWLVLQWKHGLVWDO
LQWHVWLQHLQFOXGLQJDWURSK\RIVLPSOHDQGFRPSOH[IROGVORVVRIHSLWKHOLDOYDFXRODWLRQ
GHFUHDVHGHSLWKHOLDOFHOOKHLJKWDQGSURPLQHQWLQIODPPDWRU\FHOOLQILOWUDWLRQRIWKHPXFRVD
6WDLQLQJIRUSUROLIHUDWLQJFHOOQXFOHDUDQWLJHQ 3&1$DPDUNHURIFHOOSUROLIHUDWLRQ UHYHDOHG
WKDWWKHOHQJWKRIWKHVWDLQHGVHFWLRQVRIWKHGLVWDOLQWHVWLQHVGHFUHDVHGLQILVKIHG LQGHVFHQGLQJ
RUGHU 





60%SOXV)0
60%SOXV%3SOXV)0
%3SOXV)0
)0DORQH

$EUXVKERUGHUUHDFWLRQIRUFDUERQLFDQK\GUDVH &$ ZDVFRQVSLFXRXVO\DEVHQWLQWKHILVK
IHG6%0SOXV)0LQFRQWUDVWWRWKHQRUPDOUHDFWLYLW\H[SUHVVHGLQILVKIHGDQ\RQHRI
WKHRWKHUGLHWV



$DV76*ULVGDOH+HOODQG%7HUMHVHQ%)+HOODQG6- D ,PSURYHGJURZWKDQGQXWULHQWXWLOL]DWLRQLQ
$WODQWLFVDOPRQ 6DOPRVDODU IHGGLHWVFRQWDLQLQJDEDFWHULDOSURWHLQPHDO$TXDFXOWXUH

$DV76+DWOHQ%*ULVGDOH+HOODQG%7HUMVHQ%)%DNNH0F.HOOHS$0+HOODQG6- E (IIHFWVRI
GLHWVFRQWDLQLQJEDFWHULDOSURWHLQPHDORQJURZWKDQGIHHGXWLODVDWLRQLQUDLQERZWURXW 2QFRUK\QFKXVP\NLVV 
$TXDFXOWXUH

5RPDUKHLP2+YHUODQG00\GODQG/76NUHGH$/DQGVYHUN7  %DFWHULDJURZQRQQDWXUDOJDV
SUHYHQWVR\EHDQPHDOLQGXFHGHQWHULWLVLQ$WODQWLFVDOPRQ-1XWU



5RPDUKHLPHWDO  UHSRUWHGLQDQRWKHUSXEOLVKHGVWXG\WKDWILVKIHG6%0LQ
WKHGLHWH[KLELWHGVLJQLILFDQWO\UHGXFHGILQDOERG\ZHLJKWWKHUPDOJURZWKFRHIILFLHQW 7*& DQG
IHHGFRQYHUVLRQUDWLR )&5 FRPSDUHGWRILVKIHGWKH)0FRQWUROGLHW,QFRQWUDVW%3
UHVXOWHGLQDVWDWLVWLFDOO\VLJQLILFDQWLQFUHDVHLQ)&5EXWQRVWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHVLQ
ILQDOERG\ZHLJKWRU7*&7KHDXWKRUVFRQFOXGHGWKDWWKHDGGLWLRQRI%3FRXQWHUDFWVRU
QHXWUDOL]HV6%0LQGXFHGHQWHULWLVLQ$WODQWLFVDOPRQ
5RPDUKHLPHWDO  IHGMXYHQLOH$WODQWLFVDOPRQIRUGD\VDFRQWURO)0GLHWRUD
GLHWLQZKLFKWKH)0ZDVLQFUHPHQWDOO\UHSODFHGWRFRQWDLQ6%0SOXV
RU%3(QWHULWLVZDVREVHUYHGLQDOOILVKIHGWKHGLHWFRQWDLQLQJ6%0
ZLWKRXW%3ZKLFKZDVUHIOHFWHGE\DFFXPXODWLRQRIOHXFRF\WHVLQWKHODPLQDSURSULDDQG
ZLGHQLQJRIWKHODPLQDSURSULDDQGVXEPXFRVDWKDWZDVDWWULEXWDEOHWRFHOOXODULQILOWUDWLRQDQG
HGHPDDPRQJRWKHUSDWKRORJLHV7KHVHPRUSKRORJLFDOFKDQJHVGHFUHDVHGZLWKLQFUHDVLQJ
FRQFHQWUDWLRQRI%3LQWKH6%0GLHWZLWKQRHYLGHQFHRIHQWHULWLVLQWKHILVKUHFHLYLQJ
RU%3ZLWK6%0
5RPDUKHLPHWDO  IRXQGWKDW&'ĮO\PSKRF\WHVZHUHSUHYDOHQWDWWKHEDVHRIWKH
LQWHVWLQDOHSLWKHOLXPLQVDOPRQUHFHLYLQJDGLHWFRQWDLQLQJ6%0ZLWKRXW%3LQGLFDWLQJWKDW
6%0LQGXFHGHQWHULWLVLVD7FHOOPHGLDWHGLQIODPPDWRU\UHVSRQVH/LNHWKHPRUSKRORJLFDO
FKDQJHVWKHPRELOL]DWLRQRI&'ĮO\PSKRF\WHVGHFUHDVHGZLWKLQFUHDVLQJFRQFHQWUDWLRQRI%3
ZLWKQRVLJQLILFDQWGLIIHUHQFHLQWKHGHQVLW\RI&'ĮLQWUDHSLWKHOLDOO\PSKRF\WHVLQILVK
UHFHLYLQJRU%3LQWKHGLHWFRQWDLQLQJ6%0FRPSDUHGZLWKWKH)0IHGFRQWUROV
,QWHQVHVWDLQLQJIRU0+&LQWKHOHXNRF\WHVDWWKHEDVHRIWKHLQWHVWLQDOHSLWKHOLXPZDV
LQGLVWLQJXLVKDEOHIURPFRQWUROVLQILVKIHG6%0SOXV%3XQOLNHWKHVWDLQLQJREVHUYHG
LQWKHILVKIHGWKHRWKHUGLHWVFRQWDLQLQJ6%07KHOHQJWKVRIVWUHWFKHVRI3&1$VWDLQHG
VHFWLRQVRIWKHGLVWDOLQWHVWLQHVRIWKHVDOPRQIHG6%0GHFUHDVHGZLWKLQFUHDVLQJ%3
FRQFHQWUDWLRQDQGZHUHLQGLVWLQJXLVKDEOHIURPFRQWUROVLQWKHILVKUHFHLYLQJ%3LQWKH
6%0GLHW
5RPHUKHLPHWDO  VXJJHVWHGLQWKLVVDPHVWXG\WKDWWKHPRVWOLNHO\PHFKDQLVPE\
ZKLFK%3FRXQWHUDFWVSURLQIODPPDWRU\UHVSRQVHVLQVDOPRQLGVH[SRVHGWR6%0LQWKHGLHW
LVUHODWHGWRLPPXQHV\VWHPPHFKDQLVPVWKDWDUHDOVRUHVSRQVLEOHIRUHQVXULQJWROHUDQFHWRIHHG
DQWLJHQVDQGWRFRPPHQVDOLQWHVWLQDOPLFURELRWD7KH\QRWHGWKDWUHJXODWRU\DQG&'DQG
&'7O\PSKRF\WHVWKDWH[SUHVVWKH)R[SWUDQVFULSWLRQIDFWRUDUHNQRZQWRSOD\DNH\UROHLQ
WKHSUHYHQWLRQRILQIODPPDWRU\UHVSRQVHVWRIRRGDQWLJHQVDQGFRPPHQVDOEDFWHULDLQPLFHDQG
LQKXPDQV
,9

'LVFXVVLRQ

7KHLPPXQHV\VWHPRIILVKKDVEHHQH[WHQVLYHO\VWXGLHGLQRQO\DIHZVSHFLHVLQFOXGLQJ



5RPDUKHLP2++HWODQG'6NUHGH$YHUODQG00\GODQG/76NUHGH$/DQGVYHUN7  
3UHYHQWLRQRIVR\DLQGXFHGHQWHULWLVLQ$WODQWLFVDOPRQ 6DOPRVDODU E\EDFWHULDJURZQRQQDWXUDOJDVLVGRVH
GHSHQGHQWDQGUHODWHGWRHSLWKHOLDO0+&,,UHDFWLYLW\DQG&'ĮLQWUDHSLWKHOLDOO\PSKRF\WHV%U-1XWU  




VDOPRQWURXWDQG]HEUDILVK,QJHQHUDOWKHVHVWXGLHVVKRZWKDWILVKVKDUHWKHEDVLF
FRPSRQHQWVRIWKHLPPXQHV\VWHPZLWKDOORWKHUMDZYHUWHEUDWHV+RZHYHUWKHUHDUHNQRZQ
GLIIHUHQFHVLQWKHLPPXQHV\VWHPVRIILVKFRPSDUHGZLWKWKRVHRIPDPPDOLDQVSHFLHVDVZHOO
DVDSOHWKRUDRIXQNQRZQVLQILVKLPPXQRORJ\2QHPDMRUGLIIHUHQFHEHWZHHQERQ\ILVKDQG
PDPPDOLDQVSHFLHVUHVLGHVLQWKHDGDSWLYHKXPRUDODUPRIWKHLPPXQHUHVSRQVH7KHPDMRU
DQWLERG\LPPXQRJOREXOLQW\SHVLGHQWLILHGWRGDWHLQWHOHRVWILVK GHSHQGLQJRQWKHVSHFLHV DUH
,J0,J7=DQG,J'DVFRPSDUHGWRWKHFODVVHV DQGVHYHUDOVXEFODVVHV LQPDPPDOV LH
,J*,J',J0,J(,J$ HDFKZLWKGLVWLQFWHIIHFWRUW\SHIXQFWLRQV,J0FRQVWLWXWHVWKHPDLQ
V\VWHPLFLPPXQRJOREXOLQLQILVK,J7SOD\VDNH\UROHLQPXFRVDOVXUIDFHVDQGWKHUROHRI,J'LQ
ILVKLPPXQLW\UHPDLQVWREHIXOO\HOXFLGDWHG$ORQJZLWKWKHODFNRIDQ,J*LVRW\SHERQ\ILVK
DOVRODFN,JFODVVVZLWFKLQJUHFRPELQDWLRQ %DUUHWRHWDO 
&90SRVWXODWHGDFDXVHIRUFRQFHUQWKDWFKURQLFIHHGLQJRI)HHG.LQGWRDQLPDOVPD\
EHGHWULPHQWDOEHFDXVH,J*D DVDUHVXOWRI,J*JDODFWRV\ODWLRQ FDQEHXVHGDVDELRPDUNHUIRU
SUHGLFWLQJLQIODPPDWLRQ:KLOHWKLVLVWUXHIRUPDPPDOVWKHHYLGHQFHGRHVQRWVXSSRUWWKLV
IRUERQ\ILVK7KHZLGHO\DFFHSWHGFRQVHQVXVRIPDQ\UHVHDUFKJURXSVLQWKLVILHOGLVWKDWWKH
SURLQIODPPDWRU\DFWLYLW\RI,J*LQPDPPDOVGHSHQGVSUHGRPLQDQWO\XSRQWKHSUHVHQFHRI
FHOOXODU)FUHFHSWRUV HJ)FȖ5V %ORFNDJHRIWKHVHUHFHSWRUVPLQLPL]HVDQWLERG\PHGLDWHG
LQIODPPDWLRQ$FWLYDWHGFRPSOHPHQWFRPSRQHQW&DPRGXODWHVWKHH[SUHVVLRQRI)FȖ5V
0LFHGHILFLHQWLQWKH&DUHFHSWRUGHPRQVWUDWHDORVVRIDQWLERG\PHGLDWHGLQIODPPDWLRQ,Q
FRPSDULVRQUHODWLYHO\IHZ)F5VDUHIRXQGLQILVKHV,QDGGLWLRQILVKKDYHERWKWHOHRVWVSHFLILF
UHFHSWRUIDPLOLHV LHQRYHOLPPXQHW\SHUHFHSWRUV1,75V DQGUHFHSWRUIDPLOLHVWKDWDUH
GLVWDQWO\UHODWHGWRYDULRXVPDPPDOLDQLPPXQRUHJXODWRU\UHFHSWRUVEHORQJLQJWRWKH
LPPXQRJOREXOLQVXSHUIDPLO\ ,J6)  LHOHXNRF\WHLPPXQHW\SHUHFHSWRUV/,75V ZKLFK
SUHVHQWVDIRUPLGDEOHFKDOOHQJHIRUGHWHUPLQLQJWKHSUHFLVHUROHVRIDOORIWKHUHFHSWRUW\SHVLQ
WHOHRVWLPPXQLW\)XUWKHUPRUHWKHFRPSOHPHQWV\VWHPLQERQ\ILVKZKLFKLVHVVHQWLDOLQ
PDPPDOVIRU,JPHGLDWHGLQIODPPDWLRQLVVLPLODULQPDQ\ZD\VEXWDOVRTXLWHGLVWLQFWIURP
WKDWRIPDPPDOVDQGPD\QRWDFWLQDZD\WKDWLVVLPLODUWRWKHFRPSOHPHQW
DFWLYDWLRQRSVRQL]DWLRQV\VWHPRIPDPPDOV7KXVIURPDPHFKDQLVWLFSHUVSHFWLYHLWFDQQRWEH
FRQFOXGHGWKDWLQFUHDVHVLQVHUXP,J*OHYHOVLQPDPPDOVRUDSRVVLEOHHTXLYDOHQWLQILVKZLOO
RUHYHQFRXOG OHDGWRDQLQIODPPDWRU\UHVSRQVH



)RUUHYLHZVHHIRUH[DPSOH0DJDGDQ66XQ\HU2-%RXGLQRW3  8QLTXHIHDWXUHVRIILVKLPPXQH
UHSHUWRLUHVSDUWLFXODULWLHVRIDGDSWLYHLPPXQLW\ZLWKLQWKHODUJHVWJURXSRIYHUWHEUDWHV5HVXOWV3UREO&HOO'LIIHU
%DUUHWR903DQ+DPPDUVWURP4=KDR<+DPPDUVWURP/0LVXORYLQ=1XVVHQ]ZHLJ0&  
$,'IURPERQ\ILVKFDWDO\]HVVZLWFKFODVVUHFRPELQDWLRQ-([S0HG  

3ORPS55XKDDN/58K+:5HLGLQJ.56HOPDQ0+RXZLQJ'XLVWHUPDWW--6ODJERRP3(
%HHNPDQ0:XKUHU0  6XEFODVVVSHFLILF,J*JO\FRV\ODWLRQLVDVVRFLDWHGZLWKPDUNHUVRILQIODPPDWLRQ
DQGPHWDEROLFKHDOWK6FLHQWLILF5HSRUWV

$VFKHUPDQQ6/X[$%DHUHQZDOGW$%LEXUJHU01LPPHUMDKQ)7KHRWKHUVLGHRI
LPPXQRJOREXOLQ*VXSSUHVVRURILQIODPPDWLRQ&OLQ([SHU,PPXQRO  ±

)HL&3HPEHUWRQ-*/LOOLFR'0(=ZR]GHVN\0:6WDIIRUG-/%LRFKHPLFDODQG)XQFWLRQDO,QVLJKWV
LQWRWKH,QWHJUDWHG5HJXODWLRQRI,QQDWH,PPXQH&HOO5HVSRQVHVE\7HOHRVW/HXNRF\WH,PPXQH7\SH5HFHSWRUV
%LRORJ\ %DVLO 0DU  

1RQDND06PLWK6/  &RPSOHPHQWV\VWHPRIERQ\DQGFDUWLODJLQRXVILVK)LVK6KHOOILVK,PPXQRO
$SU  



$VQRWHGE\0DJDGDQHWDO  ILVKKDYHWKHPRVWH[WHQVLYHDQGFRPSOH[PXFRVDO
VXUIDFHVDPRQJYHUWHEUDWHVZKLFKLQFOXGHWKHVNLQDVZHOODVWKHJLOOVDQGJXWPXFRVDWKH
LPPXQLWLHVRIZKLFKDUHSRRUO\XQGHUVWRRG+RZHYHUWKHSURWHFWLRQRIPXFRVDLQILVKDSSHDUV
WRSULPDULO\LQYROYH,J7ZKLFKLVDQDORJRXVWRWKHUROHSOD\HGE\,J$LQPDPPDOV
)XUWKHUPRUHILVKPRXQWSURWHFWLYHLPPXQHUHVSRQVHVGHVSLWHWKHODFNRIO\PSKQRGHVDQG
JHUPLQDOFHQWHUVWKDWLQLWLDWHLPPXQHUHVSRQVHVLQPDPPDOV,QVWHDGDGDSWLYHUHVSRQVHVDQG7
%FHOOFRRSHUDWLRQSUREDEO\WDNHSODFHLQWKHVSOHHQRIILVK)LVKDOVRODFN3H\HU¶VSDWFKHVRU
VLPLODUHQFDSVXODWHGVWUXFWXUHVIRXQGLQWKHJDVWURLQWHVWLQDOWUDFWPDPPDOV7KXVWKHJXW
DVVRFLDWHGO\PSKRF\WHWLVVXH *$/7 VLPSO\FRPSULVHWKHPDFURSKDJHV%DQG7O\PSKRF\WHV
DQGJUDQXORF\WHVRIWKHGLJHVWLYHWUDFWLQILVK7KHVHVXEVWDQWLDOGLIIHUHQFHVLQWKHLPPXQH
V\VWHPVRIILVKVSHFLHVFRPSDUHGZLWKPDPPDOLDQVSHFLHVLQGLFDWHWKDWWKHPHFKDQLVPV
UHVXOWLQJLQWKHV\VWHPLFLPPXQHUHVSRQVHVWRGLHWDU\%3LQPLFHDQGUDWVDUHQRWOLNHO\
PHFKDQLVPVDVVRFLDWHGZLWKILVK)RUH[DPSOHWKHDEVHQFHRI0/1VRUDQDORJRXVWLVVXHVLQ
ILVKLQGLFDWHVWKDWQRQHRIWKHSDUWLFXODWHVRI%3LQWKHJDVWURLQWHVWLQDOWUDFWRIILVKFDQPLJUDWHWR
WKHVSOHHQRIWKHILVKWRVWLPXODWHDV\VWHPLFLPPXQHV\VWHPUHVSRQVH
,WLVDOVRLPSRUWDQWWRGLVWLQJXLVKEHWZHHQWKHGLUHFWHIIHFWVRIDWHVWVXEVWDQFHRQWKH
LPPXQHV\VWHPZKLFKLVWKHVWXG\RILPPXQRWR[LFRORJ\IURPLPPXQRORJLFDOUHVSRQVHVWRWKH
WHVWVXEVWDQFHWKDWFDQFDXVHLQIODPPDWLRQDQGRWKHULQGLUHFWDGYHUVHKHDOWKHIIHFWVZKLFKLVWKH
VXEMHFWRIWKLVRSLQLRQ7KHIRUPHUGLUHFWHIIHFWVUHVXOWIURPGLUHFWLQWHUDFWLRQVRIWKHWHVW
VXEVWDQFHZLWKPROHFXOHVRUFHOOVRIWKHLPPXQHV\VWHPWKDWOHDGWRLPPXQRPRGXODWLRQ
LPPXQRHQKDQFHPHQWRULPPXQRVXSSUHVVLRQWKDWOHDGLQWXUQWRVXEVHTXHQWDGYHUVHKHDOWK
HIIHFWV7KHODWWHULQGLUHFWHIIHFWVUHVXOWIURPWKHLPPXQRJHQLFLW\RIWKHWHVWVXEVWDQFH
7KHUHVXOWVRIWKHVWXGLHVVXPPDUL]HGLQWKHSUHFHGLQJVHFWLRQVLQZKLFKVDOPRQLGVZHUH
H[SRVHGIRUXSWRPRQWKVWRGLHWVFRQWDLQLQJXSWR%3ZHUHFRQVLVWHQWO\QHJDWLYHIRU
VLJQVRIDGYHUVHLQIODPPDWRU\HIIHFWVWKDWFDQEHDWWULEXWHGWR)HHG.LQG,QVDOPRQLGV
)HHG.LQGGLGQRWSURGXFHWKHH[SRVXUHUHODWHGLQIODPPDWRU\UHVSRQVHVWKDWZHUHVXJJHVWHGDV
SRVVLEOHEDVHGRQWKHFKDQJHVLQWKH,J*DWLWHUVLQPLFHUHSRUWHGE\&KULVWHQVHQHWDO  
7KLVFRQFOXVLRQLVVXSSRUWHGE\XQSXEOLVKHGVWXGLHVLQZKLFKVDOPRQZHUHIHGGLHWVFRQWDLQLQJ
XSWR)HHG.LQGIRUXSWRGD\VZLWKRXWDIIHFWLQJERG\ZHLJKWRURWKHUWR[LFLW\
HQGSRLQWVLQGLFDWLYHRIDGYHUVHKHDOWKHIIHFWV
7KHILQGLQJVUHSRUWHGE\5RPDUKHLPHWDO  SURYLGHVXEVWDQWLDOVXSSRUWIRU
WKLVFRQFOXVLRQ&RQYHQWLRQDOVROYHQWH[WUDFWHG6%0LVFRQVLGHUHGDVXLWDEOHSURWHLQVRXUFHIRU
IDUPHGVDOPRQLGVDOWKRXJKGLHWDU\LQFOXVLRQOHYHOVDVORZDVDUHNQRZQWRFDXVH6%0
HQWHULWLV FKDUDFWHUL]HGE\LQIODPPDWLRQRIWKHGLVWDOLQWHVWLQHV LQVDOPRQ7KHPHFKDQLVPIRU
WKLVUHYHUVLEOHHIIHFWDSSHDUVWRLQYROYHLPSDLUHGLPPXQHWROHUDQFHWR6%0FDXVHGE\DOFRKRO
VROXEOHFRPSRQHQWVRI6%0VXFKDVVDSRQLQV,QWKHLUSXEOLVKHGUHYLHZ0DUWLQHWDO  
QRWHGWKDW6%0LVQRZFRPPRQO\XVHGDVDPRGHOIRULQGXFLQJJXWLQIODPPDWLRQ LHHQWHULWLV


)RUUHYLHZVHH5HKEHUJHU.:HUQHU,+LW]IHOG%6HJQHU+%DXPDQQ/  <HDUVRIILVK
LPPXQRWR[LFRORJ\±ZKDWZHNQRZDQGZKHUHZHDUH&ULW5HY7R[LFRO  

6WRUHEDNNHQ7% YHUIMRUG*6NUHGH$2OOL--%HUJH*0  %DFWHULDOSURWHLQJURZQRQQDWXUDOJDV
LQGLHWVIRU$WODQWLFVDOPRQ6DOPRVRODULQIUHVKZDWHU$TXDFXOWXUH



DQGDVVRFLDWHGKLVWRSDWKRORJLFDOFKDQJHVLQWKHLQWHVWLQHV 5RPDUKHLPHWDO  
VKRZHGWKDW%3HIIHFWLYHO\FRXQWHUDFWHGWKHVHYHUHSURLQIODPPDWRU\UHVSRQVHVWR6%0LQ
WKHLQWHVWLQDOPXFRVDRIWKHVHILVKVXFKWKDWWKHUHVSRQVHVZHUHFRPSOHWHO\DEDWHGLQWKHILVKIHG
GLHWVFRQWDLQLQJ6%0SOXVRU%3
,J*DLVDQLPSOLHGELRPDUNHUIRUWKHLPPXQRJHQLFLW\RI)HHG.LQGLQPDPPDOLDQ
VSHFLHVDVUHSRUWHGE\&KULVWHQVHQHWDO  %DFWHULDODQWLJHQVZKLFKDUHSUHVHQWLQIHHG
LQJUHGLHQWVGHULYHGIURPEDFWHULDDUHNQRZQWRVWLPXODWHWKHSURGXFWLRQRI,J*DDQGRWKHU
DQWLERGLHVLQPDPPDOVEHFDXVHEDFWHULDVWLPXODWHWROOUHFHSWRUVRQO\PSKRF\WHVZKLFKFDQ
LQGXFH7KW\SHUHVSRQVHV7KHVHUHVSRQVHVLQFOXGHLPPXQRJOREXOLQFODVVVZLWFKLQJLQ%FHOOV
WRSURGXFH,J*DDQWLERGLHVWKDWRSWLPL]HWKHFOHDUDQFHRIH[WUDFHOOXODUEDFWHULDDQGYLUXVHV
+RZHYHUVWLPXODWLQJDQWLERG\SURGXFWLRQSHUVHGRHVQRWPHDQWKDWWKHUHZLOOEH
SDWKRORJLFDOFRQVHTXHQFHVWRWKHKRVW)RUH[DPSOHDQWLERGLHVSURGXFHGDJDLQVWWKHEDFWHULDO
DQWLJHQVDQGWKHDGMXYDQWVRIRUDOO\DGPLQLVWHUHGYDFFLQHVGRQRWFDXVHKRVWSDWKRORJLHV7KH
LPRUVFLQMHFWLRQRIVXFKYDFFLQHVW\SLFDOO\FDXVHQRPRUHWKDQWHPSRUDU\LQIODPPDWLRQDWWKH
LQMHFWLRQVLWHZKLFKLVQRWDQWLERG\PHGLDWHG)RULQVWDQFHWKHSURGXFWLRQRI,J*DDQWLERGLHV
LQPDPPDOVLPPXQL]HGSDUHQWHUDOO\DJDLQVW6DOPRQHOODW\SKLPXULXPLVVWLPXODWHGWKURXJKD7K
UHVSRQVH/LNHZLVHDQWLGUXJDQWLERGLHVJHQHUDWHGDJDLQVWPRQRFORQDODQWLERG\WKHUDSHXWLF
DJHQWVFRXQWHUDFWWKHSKDUPDFRORJLFDODFWLYLW\RIWKHDJHQWVDQGUHPDLQLQWKHSDWLHQWVLQWKH
ORQJWHUPEXWJHQHUDOO\GRQRWFDXVHDQ\DGYHUVHKHDOWKHIIHFWVLQWKHSDWLHQWV
$FFRUGLQJO\DQLQFUHDVHLQ,J*DLQPDPPDOVLVQRWDQHFHVVDU\FRUROODU\RUDQ
LQGLFDWRURIDGYHUVHLQIODPPDWRU\SURFHVVHVLQFOXGLQJWLVVXHGDPDJHHVSHFLDOO\LQERQ\ILVK
VHHLQIRUPDWLRQDERYH 
$VQRWHGDERYH&KULVWHQVHQHWDO  IRXQGWKDW,J*DZDVSURGXFHGLQPLFHIHG
6%0,WLVSRVVLEOHWKDWDQWLERGLHVDQDORJRXVWR,J*DZHUHSURGXFHGLQILVKIHGDGLHW
FRQWDLQLQJ6%0SOXV%3DVZHOODVLQWKHILVKIHGGLHWVFRQWDLQLQJ6%0ZLWKRXW%3LQWKH
VWXGLHVE\5RPDUKHLPHWDO  1HYHUWKHOHVVWKHPRUSKRORJLFDOPRUSKRPHWULFDQG
LPPXQRKLVWRFKHPLVWU\GDWDUHYHDOHGQRUPDOLQWHVWLQDOWLVVXHLQWKHVDOPRQUHFHLYLQJWKHGLHW
FRQWDLQLQJ%3RUWKHGLHWFRQWDLQLQJ6%0SOXV%3DVZHOODVLQILVKUHFHLYLQJWKH)0FRQWURO
GLHWLQFRQWUDVWWRILVKIHGDGLHWFRQWDLQLQJ60%ZLWKRXW%37KLVLQGLFDWHVWKDWWKHSRVWXODWHG
KXPRUDOLPPXQHV\VWHPUHVSRQVHLQILVKIHGGLHWVFRQWDLQLQJ%3LVOLNHO\QRWDQDORJRXVWRWKH
SURGXFWLRQRI,J*$UHSRUWHGLQPLFHE\&KULVWHQVHQHWDO  DQGGRHVQRWDSSHDUWREH
DVVRFLDWHGZLWKFRQVHTXHQWDGYHUVHLQIODPPDWRU\SURFHVVHVLQWKHILVK
7KHVWXGLHVVXPPDUL]HGLQWKHSUHFHGLQJVHFWLRQVVKRZFOHDUO\WKDWERWK%3DQG
%UHZHU¶V\HDVWFDXVHVLPLODUDJHDQGVH[VSHFLILFLPPXQHUHVSRQVHVLQILVKDQGURGHQWV7KH
KXPRUDOUHVSRQVHVLQILVKDUHUHIOHFWHGLQWKHFKDQJHVLQ,JOHYHOVDQGKLVWRORJLFDOSDUDPHWHUV
REVHUYHGLQWKHVSOHHQZKLFKLVFRQVLGHUHGWREHWKHFRXQWHUSDUWWRPDPPDOLDQO\PSKQRGHV
+RZHYHUWKHRXWFRPHVRIVDOPRQJURZWKUDWHDQGERG\ZHLJKWPHDVXUHPHQWVDQGLQWHVWLQDO
LQIODPPDWLRQVWXGLHVLQGLFDWHQRRYHUDOOWR[LFLW\7KXVWKHUHLVQRLQGLFDWLRQWKDWKXPRUDO


0DUWLQ$0.UyO(  1XWURJHQRPLFVDQGLPPXQHIXQFWLRQLQILVKQHZLQVLJKWVIURPRPLFV
WHFKQRORJLHV'HYHORS&RPSDU,PPXQRO



UHVSRQVHVDFWLYDWHGE\%3 RU%UHZHU¶V\HDVW LQFOXGLQJWKHFKDQJHVLQ,JOHYHOVOHDGWRDGYHUVH
HIIHFWVRU,JPHGLDWHGLQIODPPDWLRQ
9
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FHUWDLQW\RI QRKDUPWRVDOPRQLGVH[SRVHGWR)HHG.LQG HTXLYDOHQWWR%3 7KXVZHFRQFOXGH
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5(9,6('3DUW±5HIHUHQFHV
$$)&22IILFLDO3XEOLFDWLRQ³2IILFLDO*XLGHOLQHVIRU&RQWDPLQDQW/HYHOV3HUPLWWHGLQ
0LQHUDO)HHG,QJUHGLHQWV´7DEOHORFDWHGDWSDJH
$DV76HWDO D ,PSURYHGJURZWKDQGQXWULHQWXWLOL]DWLRQLQ$WODQWLFVDOPRQ 6DOPRVDODU 
IHGGLHWVFRQWDLQLQJDEDFWHULDOSURWHLQPHDO$TXDFXOWXUH
$DV76HWDO E (IIHFWVRIGLHWVFRQWDLQLQJDEDFWHULDOSURWHLQPHDORQJURZWKDQGIHHG
XWLOL]DWLRQLQUDLQERZWURXW 2QFRUK\QFKXVP\NLVV $TXDFXOWXUH
$OVRS'6DQWRVK3/DOO63:RRG&0  5HSURGXFWLYHLPSDFWVDQGSK\VLRORJLFDO
DGDSWDWLRQVRI]HEUDILVKWRHOHYDWHGGLHWDU\QLFNHO&RPSDUDWLYH%LRFKHPLVWU\DQG3K\VLRORJ\&
±
$O\0$(O(0DKJRXE,61DEDZL0$KPHG0$$  0HUFXU\PRQLWRULQJDQGUHPRYDO
DWJDVSURFHVVLQJIDFLOLWLHVFDVHVWXG\RI6DODPJDVSODQW63(3URM)DFLOLW&RQVWUXFW  
KWWSVZZZUHVHDUFKJDWHQHWSXEOLFDWLRQB0HUFXU\B0RQLWRULQJBDQGB5HPRYDOBDWB*
DV3URFHVVLQJB)DFLOLWLHVB&DVHB6WXG\BRIB6DODPB*DVB3ODQW
$QGHUVRQHWDO  3XULQHLQGXFHGH[SUHVVLRQRIXUDWHR[LGDVHDQGHQ]\PHDFWLYLW\LQ
$WODQWLFVDOPRQ 6DOPRVDODU &ORQLQJRIXUDWHR[LGDVHLQOLYHUF'1$IURPWKUHHWHOHRVW
VSHFLHVDQGWKH$IULFDQOXQJILVK3URWRSWHUXVDQQHFWHQV)(%6-
$VFKHUPDQQ6/X[$%DHUHQZDOGW$%LEXUJHU01LPPHUMDKQ)7KHRWKHUVLGHRI
LPPXQRJOREXOLQ*VXSSUHVVRURILQIODPPDWLRQ&OLQ([SHU,PPXQRO  ±
%DUUHWR903DQ+DPPDUVWURP4=KDR<+DPPDUVWURP/0LVXORYLQ=1XVVHQ]ZHLJ0&
 $,'IURPERQ\ILVKFDWDO\]HVVZLWFKFODVVUHFRPELQDWLRQ-([S0HG  
%DVX\DX[20DWKLHX0  ,QRUJDQLFQLWURJHQDQGLWVHIIHFWRQWKHJURZWKRIWKHDEDORQH
+DOLRWLVWXEHUFXODWD/LQQHDXVDQGWKHVHDXUFKLQ3DUDFHQWURWXVOLYLGXV/DPDUN$TXDFXOWXUH

%HUJH*0HWDO  %DFWHULDOSURWHLQJURZQRQQDWXUDOJDVDVSURWHLQVRXUFHLQGLHWVIRU
$WODQWLFVDOPRQ6DOPRVDODULQVDOWZDWHU$TXDFXOWXUH
%ULQFN  6FDQWR[WHVWUHSRUWSUHSDUHGIRU'DQVN%LR3URWHLQ$6/DE1R
-DQXDU\SS
%ULQFN  6FDQWR[WHVWUHSRUWSUHSDUHGIRU'DQVN%LR3URWHLQ$6/DE1R
-DQXDU\SS
&DPDUJR-$$ORQVR$6DODPDQFD$  1LWUDWHWR[LFLW\WRDTXDWLFDQLPDOVDUHYLHZZLWK
QHZGDWDIRUIUHVKZDWHULQYHUWHEUDWHV&KHPRVSKHUH±
&KDR66$WWDUL$  &KDUDFWHUL]DWLRQDQG0HDVXUHPHQWRI1DWXUDO*DV7UDFH&RQVWLWXHQWV


9ROXPH,,1DWXUDO*DV6XUYH\3DUW,QVWLWXWHRI*DV7HFKQRORJ\5HSRUWWR*DV5HVHDUFK
,QVWLWXWH&RQWUDFW1R 1RYHPEHU *5,&KLFDJR,/$YDLODEOHDW
KWWSVZZZRVWLJRYELEOLRFKDUDFWHUL]DWLRQPHDVXUHPHQWQDWXUDOJDVWUDFHFRQVWLWXHQWV
YROXPHQDWXUDOJDVVXUYH\ILQDOUHSRUWRWREHURFWREHU
&KULVWHQVHQ+5/DUVHQ/&)URNLDHU+  7KH2UDO,PPXQRJHQLFLW\RI%LR3URWHLQD
%DFWHULDO6LQJOH&HOO3URWHLQLV$IIHFWHGE\LWV3DUWLFXODWHQDWXUH%ULW-1XWU
&KULVWHQVHQ+5%UL[6)U¡N U+  ,PPXQHUHVSRQVHLQPLFHWRLQJHVWHGVR\DSURWHLQ
DQWLERG\DQWLERG\SURGXFWLRQRUDOWROHUDQFHDQGPDWHUQDOEDUULHU%ULW-1XWU
&ODXVLQJDQG%¡JK  %32QHJHQHUDWLRQUHSURGXFWLRQWR[LFLW\VWXG\LQUDW6FDQWR[WHVW
UHSRUWSUHSDUHGIRU1RUIHUP$6/DE1R-DQXDU\SS
&ROW-7FKREDQRJORXV*  (YDOXDWLRQRIWKHVKRUWWHUPWR[LFLW\RIQLWURJHQRXV
FRPSRXQGVWRFKDQQHOFDWILVK,FWDOXUXVSXQFWDWXV$TXDFXOWXUH
&RUYLQL*6WLOWQHU-&ODUN.  0HUFXU\UHPRYDOIURPQDWXUDOJDVDQGOLTXLGVWUHDPV
823//&+RXVWRQ7;
KWWSVZHEDUFKLYHRUJZHEKWWSZZZXRSFRPREMHFWV0HUFXU\5HPRYDOS
GI
'DYLGVRQ-*RRG&:HOVK&6XPPHUIHOW67  &RPSDULQJWKHHIIHFWVRIKLJKYVORZ
QLWUDWHRQWKHKHDOWKSHUIRUPDQFHDQGZHOIDUHRIMXYHQLOHUDLQERZWURXW2QFRUK\QFKXVP\NLVV
ZLWKLQZDWHUUHFLUFXODWLQJDTXDFXOWXUHV\VWHPV$TXDFXOWXUDO(QJLQHHULQJ
'DYLGVRQ-*RRG&:LOOLDPV&6XPPHUIHOW67  (YDOXDWLQJWKHFKURQLFH൵HFWVRI
QLWUDWHRQWKHKHDOWKDQGSHUIRUPDQFHRISRVWVPROW$WODQWLFVDOPRQ6DOPRVDODULQIUHVKZDWHU
UHFLUFXODWLRQDTXDFXOWXUHV\VWHPV$TXDFXOWXUDO(QJLQHHULQJ
()6$  6FLHQWLILF2SLQLRQRQWKHULVNVWRDQLPDODQGSXEOLFKHDOWKDQGWKHHQYLURQPHQW
UHODWHGWRWKHSUHVHQFHRIQLFNHOLQIHHG()6$-RXUQDO   SS 
()6$)(('$33DQHO  6FLHQWLILF2SLQLRQRQWKHVDIHW\DQGQXWULWLRQDOYDOXHRIDGULHG
NLOOHGEDFWHULDOELRPDVVIURP(VFKHULFKLDFROL )(50%3  3/ /0 DVDIHHG
PDWHULDOIRUSLJVUXPLQDQWVDQGVDOPRQLGV()6$-RXUQDO$YDLODEOHDW
KWWSVGRLRUJMHIVD
()6$)(('$33DQHO  6FLHQWLILF2SLQLRQRQWKHVDIHW\DQGQXWULWLRQDOYDOXHRIDGULHG
NLOOHGEDFWHULDOELRPDVVIURP(VFKHULFKLDFROL )(50%3  37 70 DVDIHHG
PDWHULDOIRUSLJVUXPLQDQWVDQGVDOPRQLGV()6$-RXUQDO$YDLODEOHDW
KWWSVGRLRUJMHIVD
)HL&3HPEHUWRQ-*/LOOLFR'0(=ZR]GHVN\0:6WDIIRUG-/%LRFKHPLFDODQG)XQFWLRQDO
,QVLJKWVLQWRWKH,QWHJUDWHG5HJXODWLRQRI,QQDWH,PPXQH&HOO5HVSRQVHVE\7HOHRVW/HXNRF\WH
,PPXQH7\SH5HFHSWRUV%LRORJ\ %DVLO 0DU  


)RODGRU-)HWDO  )LVKPHDOVILVKFRPSRQHQWVDQGILVKSURWHLQK\GURO\VDWHVDVSRWHQWLDO
LQJUHGLHQWVLQSHWIRRGV-$QLP6FL
)UHLWDJ$57KD\HU/5/HRQHWWL&6WDSOHWRQ+0+DPOLQ+-  (IIHFWVRIHOHYDWHG
QLWUDWHRQHQGRFULQHIXQFWLRQLQ$WODQWLFVDOPRQ6DOPRVDODU$TXDFXOWXUH
)U\-30DLOORX[1$/RYH'&0LOOL0&&DR/  )HHGFRQYHUVLRQHIILFLHQF\LQ
DTXDFXOWXUHGRZHPHDVXUHLWFRUUHFWO\"(QYLURQ5HV/HWW
KWWSVLRSVFLHQFHLRSRUJDUWLFOHDDDSGI
*OHUXS  6FDQWR[WHVWUHSRUWSUHSDUHGIRU'DQVN%LR3URWHLQ$,6/DE1R
6HSWHPEHUSS
*OHUXS3  (LJKWZHHNO\PSKQRGHWR[LFLW\VWXG\LQWKHUDW6FDQWR[WHVWUHSRUWSUHSDUHG
IRU'DQVN%3$6/DE1R6HSWHPEHUSS
*R\HU5$DQG&ODUNVRQ7:  7R[LF(IIHFWVRI0HWDOV,URQ )H &KDSWHU,Q&DVDUHWW
DQG'RXOO¶V7R[LFRORJ\7KH%DVLF6FLHQFHRI3RLVRQVWK(GLWLRQ.ODDVVHQ&'(GLWRU
0F*UDZ+LOO3S
*RWR.)XMLWD5.DWR<$VDKDUD0<RNRWD$  5HFODVVLILFDWLRQRI%UHYLEDFLOOXVEUHYLV
VWUDLQV1&,0%DQG'0 155/156 DV$QHXULQLEDFLOOXVGDQLFXVVSQRY
DQG%UHYLEDFLOOXVOLQRSKLOXVVSQRY,QWHUQDWLRQDO-RXUQDORI6\VWHPDWLFDQG(YROXWLRQDU\
0LFURELRORJ\  
-DFREVHQ  ,QWHUQDOUHSRUW/DE1R2FWREHUSS
-DYHG0  &KURQLFHIIHFWVRIQLFNHODQGFREDOWRQILVKJURZWK,QWHUQDWLRQDO-RXUQDORI
$JULFXOWXUH %LRORJ\±
-HQVHQ)%  3K\VLRORJLFDOHIIHFWVRIQLWULWHLQWHOHRVWVDQGFUXVWDFHDQV,Q7R[LFRORJ\RI
$TXDWLF3ROOXWLRQ3K\VLRORJLFDO0ROHFXODUDQG&HOOXODU$SSURDFKHV7D\ORU(:HG
&DPEULGJH8.&DPEULGJH8QLYHUVLW\3UHVVSS FLWHGLQ15& 
.LQFKHORH-::HGHPH\HU*$.RFK'/  7ROHUDQFHRIGHYHORSLQJVDOPRQLGHJJVDQG
IU\WRQLWUDWHH[SRVXUH%XOO&RQWDP7R[LFRO
.RED\DVL71DNDPXUD,)XMLWD+7VXNLPRUL$6DWR$)XNXVKLPD62KNXVX.0DWVXPRWR
7  )LUVWFDVHUHSRUWRILQIHFWLRQGXHWR&XSULDYLGXVJLODUGLLLQDSDWLHQWZLWKRXW
LPPXQRGHILFLHQF\DFDVHUHSRUW%0&,QIHFWLRXV'LVHDVHV
/DQJHYLQ69LQFHOHWWH-%HNDO6DQG*DXGUHDX&  )LUVWFDVHRILQYDVLYHKXPDQ
LQIHFWLRQFDXVHGE\&XSULDYLGXVPHWDOOLGXUDQV-&OLQ0LFURELRO  



/DQJP\KU)-2UUH6  'LUHFWDWRPLFDEVRUSWLRQVSHFWURPHWULFGHWHUPLQDWLRQRI
FKURPLXPFREDOWDQGQLFNHOLQILVKSURWHLQFRQFHQWUDWHDQGGULHGILVKVROXEOHV$QDO\WLFD
&KLPLFD$FWD
0DJDGDQ66XQ\HU2-%RXGLQRW3  8QLTXHIHDWXUHVRIILVKLPPXQHUHSHUWRLUHV
SDUWLFXODULWLHVRIDGDSWLYHLPPXQLW\ZLWKLQWKHODUJHVWJURXSRIYHUWHEUDWHV5HVXOWV3UREO&HOO
'LIIHU
0DUWLQ$0.UyO(  1XWURJHQRPLFVDQGLPPXQHIXQFWLRQLQILVKQHZLQVLJKWVIURP
RPLFVWHFKQRORJLHV'HYHORS&RPSDU,PPXQRO
0DXOH$**DQQDP$/'DYLV-:  &KHPLFDOFRQWDPLQDQWVLQILVKIHHGVXVHGLQIHGHUDO
VDOPRQLGKDWFKHULHVLQWKH86$&KHPRVSKHUH
0¡OFN$03RXOVHQ0&KULVWHQVHQ+5/DXULGVHQ670DGVHQ&  ,PPXQRWR[LFLW\RI
QXFOHLFDFLGUHGXFHG%3±DEDFWHULDOGHULYHGVLQJOHFHOOSURWHLQ±LQ:LVWDUUDWV7R[LFRORJ\

0]HQJHUH]D..DQJ¶RPEH-  (IIHFWRIVDOW VRGLXP&KORULGH VXSSOHPHQWDWLRQRQ
JURZWKVXUYLYDODQGIHHGXWLOL]DWLRQRI2UHRFKURPLVVKLUDQXV 7UHZDYDV -$TXDF5HV
'HYHORS  SS
1DWLRQDO5HVHDUFKFRXQFLO 15&   0HUFXU\&KDSWHULQ0LQHUDOWROHUDQFHRIDQLPDOV
&RPPLWWHHRQ0LQHUDOVDQGWR[LF6XEVWDQFHVLQGLHWVDQGZDWHUIRU$QLPDOV%RDUGRQ
DJULFXOWXUHDQG1DWXUDOUHVRXUFHV'LYLVLRQRQ(DUWKDQG/LIH6WXGLHV6HFRQG5HYLVHG(GLWLRQ
SS
1DWLRQDO5HVHDUFKFRXQFLO 15&   0LQHUDOVDQG$FLGEDVH%DODQFH&KDSWHULQ
0LQHUDOWROHUDQFHRIDQLPDOV&RPPLWWHHRQ0LQHUDOVDQGWR[LF6XEVWDQFHVLQGLHWVDQGZDWHU
IRU$QLPDOV%RDUGRQDJULFXOWXUHDQG1DWXUDOUHVRXUFHV'LYLVLRQRQ(DUWKDQG/LIH6WXGLHV
6HFRQG5HYLVHG(GLWLRQSS
1DWLRQDO5HVHDUFKFRXQFLO 15&   1LFNHO&KDSWHULQ0LQHUDOWROHUDQFHRIDQLPDOV
&RPPLWWHHRQ0LQHUDOVDQGWR[LF6XEVWDQFHVLQGLHWVDQGZDWHUIRU$QLPDOV%RDUGRQ
DJULFXOWXUHDQG1DWXUDOUHVRXUFHV'LYLVLRQRQ(DUWKDQG/LIH6WXGLHV6HFRQG5HYLVHG(GLWLRQ
SS
1DWLRQDO5HVHDUFKFRXQFLO 15&   1LWUDWHVDQGQLWULWHV&KDSWHULQ0LQHUDOWROHUDQFH
RIDQLPDOV&RPPLWWHHRQ0LQHUDOVDQGWR[LF6XEVWDQFHVLQGLHWVDQGZDWHUIRU$QLPDOV%RDUG
RQDJULFXOWXUHDQG1DWXUDOUHVRXUFHV'LYLVLRQRQ(DUWKDQG/LIH6WXGLHV6HFRQG5HYLVHG
(GLWLRQSS
1DWLRQDO5HVHDUFKFRXQFLO 15&   6RGLXPFKORULGH&KDSWHULQ0LQHUDOWROHUDQFHRI
DQLPDOV&RPPLWWHHRQ0LQHUDOVDQGWR[LF6XEVWDQFHVLQGLHWVDQGZDWHUIRU$QLPDOV%RDUGRQ


DJULFXOWXUHDQG1DWXUDOUHVRXUFHV'LYLVLRQRQ(DUWKDQG/LIH6WXGLHV6HFRQG5HYLVHG(GLWLRQ
SS
1$785$/*$625*$YDLODEOHDW
KWWSVZHEDUFKLYHRUJZHEKWWSQDWXUDOJDVRUJRYHUYLHZEDFNJURXQG
1HZ<RUN6WDWH  +XPDQ+HDOWK)DFW6KHHW$PELHQW:DWHU4XDOLW\9DOXH%DVHGRQ
+XPDQ&RQVXPSWLRQRI)LVK0DUFKKWWSVZZZHSDJRYVLWHVSURGXFWLRQILOHV
GRFXPHQWVQ\BKKBBIBSGI
1RQDND06PLWK6/  &RPSOHPHQWV\VWHPRIERQ\DQGFDUWLODJLQRXVILVK)LVK6KHOOILVK
,PPXQRO$SU  
1RIHUP$6  $GGLWLRQDOLQIRUPDWLRQRQWKHVDIHW\RI%LR3URWHLQIURPVWXGLHVRQSLJOHWV
SLJVIRUIDWWHQLQJEURLOHUFKLFNHQ$WODQWLF6DOPRQDQGUDWV6XSSOHPHQWWR'RVVLHUIRU
%LRSURWHLQ5HJLVWUDWLRQXQGHUGLUHFWLYH((&VXEPLWWHG2FWREHUSS
15&  1XWULHQWVDQG7R[LF6XEVWDQFHVLQZDWHUIRU/LYHVWRFNDQG3RXOWU\1DWLRQDO
DFDGHP\3UHVV:DVKLQJWRQ'& FLWHGE\15& 
3DUNV'+5LQNH&&KXYRFKLQD0&KDXPHLO3$:RRGFURIW%-(YDQV31+XJHQKROW]3DQG
7\VRQ*:  5HFRYHU\RIQHDUO\PHWDJHQRPHDVVHPEOHGJHQRPHVVXEVWDQWLDOO\
H[SDQGVWKHWUHHRIOLIH1DWXUH0LFURELRORJ\  
3LHUFH5+:HHNV-03UDSSDV-0  1LWUDWHWR[LFLW\WRILYHVSHFLHVRIPDULQHILVK-
:RUOG$TXDF6RF DOOFLWHGLQ15& 
3ORPS55XKDDN/58K+:5HLGLQJ.56HOPDQ0+RXZLQJ'XLVWHUPDWW--6ODJERRP
3(%HHNPDQ0:XKUHU0  6XEFODVVVSHFLILF,J*JO\FRV\ODWLRQLVDVVRFLDWHGZLWK
PDUNHUVRILQIODPPDWLRQDQGPHWDEROLFKHDOWK6FLHQWLILF5HSRUWV
3RUFKHURQ)%DUWKHOHW.6FKZHLW]HU-0'DXGLQ$  0HUFXU\WUDFHVUHPRYDOIURP
QDWXUDOJDV2SWLPL]DWLRQRIJXDUGEHGDGVRUSWLRQSURSHUWLHV&RQIHUHQFHSDSHUSUHVHQWHGDWWKH
$PHULFDQ,QVWLWXWHRI&KHPLFDO(QJLQHHUV $,&K( $QQXDO0HHWLQJ(QYLURQPHQWDO
$SSOLFDWLRQVRI$GVRUSWLRQ,*DV3KDVH1RYHPEHU
KWWSVZZZDLFKHRUJFRQIHUHQFHVDLFKHDQQXDOPHHWLQJSURFHHGLQJSDSHUHPHUFXU\
WUDFHVUHPRYDOQDWXUDOJDVRSWLPL]DWLRQJXDUGEHGDGVRUSWLRQSURSHUWLHV
3WDVK\QVNL0'3HGODU50(YDQV5(%DURQ&/.ODYHUNDPS-)  7R[LFRORJ\RI
GLHWDU\QLFNHOLQODNHZKLWHILVK &RUHJRQXVFOXSHDIRUPLV $TXDWLF7R[LFRORJ\±
3WDVK\QVNL0'3HGODU50(YDQV5(:DXWLHU.*%DURQ&/.ODYHUNDPS-)  
$FFXPXODWLRQGLVWULEXWLRQDQGWR[LFRORJ\RIGLHWDU\QLFNHOLQODNHZKLWHILVK &RUHJRQXV
FOXSHDIRUPLV DQGODNHWURXW 6DOYHOLQXVQDPD\FXVK &RPSDUDWLYH%LRFKHPLVWU\DQG
3K\VLRORJ\7R[LFRORJ\ 3KDUPDFRORJ\±


5HKEHUJHU.:HUQHU,+LW]IHOG%6HJQHU+%DXPDQQ/  <HDUVRIILVK
LPPXQRWR[LFRORJ\±ZKDWZHNQRZDQGZKHUHZHDUH&ULW5HY7R[LFRO  
5RPDUKHLP2+HWDO  %DFWHULDJURZQRQQDWXUDOJDVSUHYHQWVR\EHDQPHDOLQGXFHG
HQWHULWLVLQ$WODQWLFVDOPRQ-1XWU
5RPDUKHLPHWDO RQOLQH 3UHYHQWLRQRIVR\DLQGXFHGHQWHULWLVLQ$WODQWLFVDOPRQ 6DOPR
VDODU E\EDFWHULDJURZQRQQDWXUDOJDVLVGRVHGHSHQGHQWDQGUHODWHGWRHSLWKHOLDO0+&,,
UHDFWLYLW\DQG&'ĮLQWUDHSLWKHOLDOO\PSKRF\WHV%ULW-1XWU0DUFK
5XVVHOO-%  5XPHQPLFURELRORJ\DQGLWVUROHLQUXPLQDQWQXWULWLRQ&RUQHOO8QLYHUVLW\
1HZ<RUNVWDWHFROOHJHRI$JULFXOWXUHDQG/LIH6FLHQFHV'HSDUWPHQWRI0LFURELRORJ\,WKDFD
1<
6DOPDQ1$  (IIHFWRIGLHWDU\VDOWRQIHHGLQJGLJHVWLRQJURZWKDQGRVPRUHJXODWLRQLQ
WHOHRVWILVK&KDSWHU,Q2VPRUHJXODWLRQDQG,RQ7UDQVSRUW9ROXPH+DQG\%XU\DQG
)OLFNHGV6RFLHW\RI([SHULPHQWDO%LRORJ\8. 6(% 
6DOPDQ1$(GG\)%  (IIHFWRIGLHWDU\VRGLXPFKORULGHRQJURZWKIRRGLQWDNHDQG
FRQYHUVLRQHIILFLHQF\LQ5DLQERZWURXW 6DOPRJDLUQHUL5LFKDUGVRQ $TXDFXOWXUH
6FLHQWLILF&RPPLWWHHIRU$QLPDO1XWULWLRQUHSRUW $SULO IRXQGLQ$SSHQGL[
6NUHGH$%HUJH*06WRUHEDNNHQ7+HUVWDG2$DUVWDG.*6XQGVWRO)  'LJHVWLELOLW\
RIEDFWHULDOSURWHLQJURZQRQQDWXUDOJDVLQPLQNSLJVFKLFNHQDQG$WODQWLFVDOPRQ$QLPDO
)HHG6FL7HFKQRO  
6PLFLNODV:ULJKW+0LWFKHOO'&0LFNOH6-&RRN$-*ROGPDQ-'  86'$
&RQWLQXLQJ6XUYH\RI)RRG,QWDNHVE\,QGLYLGXDOV &6),, 
6WRUHEDNNHQ7HWDO  %DFWHULDOSURWHLQJURZQRQQDWXUDOJDVLQGLHWVIRU$WODQWLFVDOPRQ
6DOPRVDODULQIUHVKZDWHU$TXDFXOWXUH
6XQHHYD6&HWDO  7UDQVIRUPDWLRQRI%UHYLEDFLOOXVDVRLOPLFUREHWRDQXURSDWKRJHQZLWK
KHPDJJOXWLQDWLRQWUDLW:RUOG-0LFURELRO%LRWHFKQRO  
6YHQGVHQ 'DPP-RUJHQVHQ  6FDQWR[WHVWUHSRUWSUHSDUHGIRU'DQVN%LR3URWHLQ$6
/DE1R-XO\SS
7DNDZDOH  6FDQWR[WHVWUHSRUWSUHSDUHGIRU1RUIHUP$,66WXG\QR2FWREHU
SS
7KHVWUXS  ,QWHUQDOUHSRUW1RUIHUP2FWREHUSS



7RNDU(-%R\G:$)UHHGPDQ-+:DDONHV03  7R[LF(IIHFWVRI0HWDOV,URQ )H 
&KDSWHU,Q&DVDUHWWDQG'RXOO¶V7R[LFRORJ\7KH%DVLF6FLHQFHRI3RLVRQVWK(GLWLRQ
.ODDVVHQ&'(GLWRU0F*UDZ+LOO3S
86(3$  *UHDW/DNHVZDWHU4XDOLW\,QLWLDWLYHWHFKQLFDO6XSSRUW'RFXPHQWIRUWKH
3URFHGXUHWR'HWHUPLQH%LRDFFXPXODWLRQ)DFWRUV2IILFHRI:DWHU(3$%
86(3$  0HUFXU\LQSHWUROHXPDQGQDWXUDOJDVHVWLPDWLRQRIHPLVVLRQVIURPSURGXFWLRQ
SURFHVVLQJDQGFRPEXVWLRQ$YDLODEOHDW
KWWSVFISXEHSDJRYVLVLBSXEOLFBUHFRUGBUHSRUWFIP"/DE 1505/ GLU(QWU\,G 
86)'$ XQGDWHG 0HUFXU\OHYHOVLQFRPPHUFLDOILVKDQGVKHOOILVK  
KWWSVZZZIGDJRYIRRGPHWDOVPHUFXU\OHYHOVFRPPHUFLDOILVKDQGVKHOOILVK
86)'$  7HFKQLFDOLQIRUPDWLRQRQGHYHORSPHQWRI)'$(3$DGYLFHDERXWHDWLQJILVK
IRUZRPHQZKRDUHRUPLJKWEHFRPHSUHJQDQWEUHDVWIHHGLQJPRWKHUVDQG\RXQJFKLOGUHQ
KWWSVZZZIGDJRYIRRGPHWDOVWHFKQLFDOLQIRUPDWLRQGHYHORSPHQWIGDHSDDGYLFHDERXW
HDWLQJILVKZRPHQZKRDUHRUPLJKWEHFRPH
866R\EHDQ([SRUW&RXQFLO  KWWSVXVVHFRUJZSFRQWHQWXSORDGV866R\EHDQ
0HDO,QIRUPDWLRQSGI
:DONHU5  1LWUDWHVQLWULWHVDQG1QLWURVRFRPSRXQGVDUHYLHZRIWKHRFFXUUHQFHLQIRRG
DQGGLHWDQGWKHWR[LFRORJLFDOLPSOLFDWLRQV)RRG$GGLW&RQWDP  
:HHQ2HWDO  1XWULWLRQDODQGIXQFWLRQDOSURSHUWLHVRIILVKPHDOSURGXFHGIURPIUHVKE\
SURGXFWVRIFRG *DGXVPRUKXD/ DQGVDLWKH 3ROODFKLXVYLUHQV +HOL\RQ  H
:LOKHOP60  0HUFXU\LQSHWUROHXPDQGQDWXUDOJDVHVWLPDWLRQRIHPLVVLRQVIURP
SURGXFWLRQSURFHVVLQJDQGFRPEXVWLRQ3UHSDUHGE\WKH1DWLRQDO5LVN0DQDJHPHQW5HVHDUFK
/DERUDWRU\IRU86(3$2IILFHRI$LU4XDOLW\3ODQQLQJDQG6WDQGDUGV86(3$(3$5
3SLQFOXGLQJWDEOH
<DK\D5DQG0XVKDQQHQ$  &XSULDYLGXVSDXFXOXVDVDQHPHUJLQJSDWKRJHQDPLQL
UHYLHZRIUHSRUWHGLQFLGHQWVDVVRFLDWHGZLWKLWVLQIHFWLRQ(&3XOPRQRORJ\DQG5HVSLUDWRU\
0HGLFLQH  
=KDQJ='HQJ::DQJ6;X/<DQ//LDR3  )LUVWFDVHUHSRUWRILQIHFWLRQFDXVHGE\
&XSULDYLGXVJLODUGLLLQDQRQLPPXQRFRPSURPLVHG&KLQHVHSDWLHQW,'&DVHV



$SSHQGL[±([SHUW&XUULFXOXP9LWDH
 -XGLWK7=HOLNRII3K'
7HQXUHG3URIHVVRU
1<8*URVVPDQ6FKRRORI0HGLFLQH
'HSDUWPHQWRI(QYLURQPHQWDO0HGLFLQH
 'DQLHO:LHUGD063K')HOORZ$76
:LHUGD7R[LFRORJ\&RQVXOWLQJ,QF
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5(9,6('3DUW±5HIHUHQFHV
$$)&22IILFLDO3XEOLFDWLRQ³2IILFLDO*XLGHOLQHVIRU&RQWDPLQDQW/HYHOV3HUPLWWHGLQ
0LQHUDO)HHG,QJUHGLHQWV´7DEOHORFDWHGDWSDJH
$DV76HWDO D ,PSURYHGJURZWKDQGQXWULHQWXWLOL]DWLRQLQ$WODQWLFVDOPRQ 6DOPRVDODU 
IHGGLHWVFRQWDLQLQJDEDFWHULDOSURWHLQPHDO$TXDFXOWXUH
$DV76HWDO E (IIHFWVRIGLHWVFRQWDLQLQJDEDFWHULDOSURWHLQPHDORQJURZWKDQGIHHG
XWLOL]DWLRQLQUDLQERZWURXW 2QFRUK\QFKXVP\NLVV $TXDFXOWXUH
$OVRS'6DQWRVK3/DOO63:RRG&0  5HSURGXFWLYHLPSDFWVDQGSK\VLRORJLFDO
DGDSWDWLRQVRI]HEUDILVKWRHOHYDWHGGLHWDU\QLFNHO&RPSDUDWLYH%LRFKHPLVWU\DQG3K\VLRORJ\&
±
$O\0$(O(0DKJRXE,61DEDZL0$KPHG0$$  0HUFXU\PRQLWRULQJDQGUHPRYDO
DWJDVSURFHVVLQJIDFLOLWLHVFDVHVWXG\RI6DODPJDVSODQW63(3URM)DFLOLW&RQVWUXFW  
KWWSVZZZUHVHDUFKJDWHQHWSXEOLFDWLRQB0HUFXU\B0RQLWRULQJBDQGB5HPRYDOBDWB*
DV3URFHVVLQJB)DFLOLWLHVB&DVHB6WXG\BRIB6DODPB*DVB3ODQW
$QGHUVRQHWDO  3XULQHLQGXFHGH[SUHVVLRQRIXUDWHR[LGDVHDQGHQ]\PHDFWLYLW\LQ
$WODQWLFVDOPRQ 6DOPRVDODU &ORQLQJRIXUDWHR[LGDVHLQOLYHUF'1$IURPWKUHHWHOHRVW
VSHFLHVDQGWKH$IULFDQOXQJILVK3URWRSWHUXVDQQHFWHQV)(%6-
$VFKHUPDQQ6/X[$%DHUHQZDOGW$%LEXUJHU01LPPHUMDKQ)7KHRWKHUVLGHRI
LPPXQRJOREXOLQ*VXSSUHVVRURILQIODPPDWLRQ&OLQ([SHU,PPXQRO  ±
%DUUHWR903DQ+DPPDUVWURP4=KDR<+DPPDUVWURP/0LVXORYLQ=1XVVHQ]ZHLJ0&
 $,'IURPERQ\ILVKFDWDO\]HVVZLWFKFODVVUHFRPELQDWLRQ-([S0HG  
%DVX\DX[20DWKLHX0  ,QRUJDQLFQLWURJHQDQGLWVHIIHFWRQWKHJURZWKRIWKHDEDORQH
+DOLRWLVWXEHUFXODWD/LQQHDXVDQGWKHVHDXUFKLQ3DUDFHQWURWXVOLYLGXV/DPDUN$TXDFXOWXUH

%HUJH*0HWDO  %DFWHULDOSURWHLQJURZQRQQDWXUDOJDVDVSURWHLQVRXUFHLQGLHWVIRU
$WODQWLFVDOPRQ6DOPRVDODULQVDOWZDWHU$TXDFXOWXUH
%ULQFN  6FDQWR[WHVWUHSRUWSUHSDUHGIRU'DQVN%LR3URWHLQ$6/DE1R
-DQXDU\SS
%ULQFN  6FDQWR[WHVWUHSRUWSUHSDUHGIRU'DQVN%LR3URWHLQ$6/DE1R
-DQXDU\SS
&DPDUJR-$$ORQVR$6DODPDQFD$  1LWUDWHWR[LFLW\WRDTXDWLFDQLPDOVDUHYLHZZLWK
QHZGDWDIRUIUHVKZDWHULQYHUWHEUDWHV&KHPRVSKHUH±
&KDR66$WWDUL$  &KDUDFWHUL]DWLRQDQG0HDVXUHPHQWRI1DWXUDO*DV7UDFH&RQVWLWXHQWV


9ROXPH,,1DWXUDO*DV6XUYH\3DUW,QVWLWXWHRI*DV7HFKQRORJ\5HSRUWWR*DV5HVHDUFK
,QVWLWXWH&RQWUDFW1R 1RYHPEHU *5,&KLFDJR,/$YDLODEOHDW
KWWSVZZZRVWLJRYELEOLRFKDUDFWHUL]DWLRQPHDVXUHPHQWQDWXUDOJDVWUDFHFRQVWLWXHQWV
YROXPHQDWXUDOJDVVXUYH\ILQDOUHSRUWRWREHURFWREHU
&KULVWHQVHQ+5/DUVHQ/&)URNLDHU+  7KH2UDO,PPXQRJHQLFLW\RI%LR3URWHLQD
%DFWHULDO6LQJOH&HOO3URWHLQLV$IIHFWHGE\LWV3DUWLFXODWHQDWXUH%ULW-1XWU
&KULVWHQVHQ+5%UL[6)U¡N U+  ,PPXQHUHVSRQVHLQPLFHWRLQJHVWHGVR\DSURWHLQ
DQWLERG\DQWLERG\SURGXFWLRQRUDOWROHUDQFHDQGPDWHUQDOEDUULHU%ULW-1XWU
&ODXVLQJDQG%¡JK  %32QHJHQHUDWLRQUHSURGXFWLRQWR[LFLW\VWXG\LQUDW6FDQWR[WHVW
UHSRUWSUHSDUHGIRU1RUIHUP$6/DE1R-DQXDU\SS
&ROW-7FKREDQRJORXV*  (YDOXDWLRQRIWKHVKRUWWHUPWR[LFLW\RIQLWURJHQRXV
FRPSRXQGVWRFKDQQHOFDWILVK,FWDOXUXVSXQFWDWXV$TXDFXOWXUH
&RUYLQL*6WLOWQHU-&ODUN.  0HUFXU\UHPRYDOIURPQDWXUDOJDVDQGOLTXLGVWUHDPV
823//&+RXVWRQ7;
KWWSVZHEDUFKLYHRUJZHEKWWSZZZXRSFRPREMHFWV0HUFXU\5HPRYDOS
GI
'DYLGVRQ-*RRG&:HOVK&6XPPHUIHOW67  &RPSDULQJWKHHIIHFWVRIKLJKYVORZ
QLWUDWHRQWKHKHDOWKSHUIRUPDQFHDQGZHOIDUHRIMXYHQLOHUDLQERZWURXW2QFRUK\QFKXVP\NLVV
ZLWKLQZDWHUUHFLUFXODWLQJDTXDFXOWXUHV\VWHPV$TXDFXOWXUDO(QJLQHHULQJ
'DYLGVRQ-*RRG&:LOOLDPV&6XPPHUIHOW67  (YDOXDWLQJWKHFKURQLFH൵HFWVRI
QLWUDWHRQWKHKHDOWKDQGSHUIRUPDQFHRISRVWVPROW$WODQWLFVDOPRQ6DOPRVDODULQIUHVKZDWHU
UHFLUFXODWLRQDTXDFXOWXUHV\VWHPV$TXDFXOWXUDO(QJLQHHULQJ
()6$  6FLHQWLILF2SLQLRQRQWKHULVNVWRDQLPDODQGSXEOLFKHDOWKDQGWKHHQYLURQPHQW
UHODWHGWRWKHSUHVHQFHRIQLFNHOLQIHHG()6$-RXUQDO   SS 
()6$)(('$33DQHO  6FLHQWLILF2SLQLRQRQWKHVDIHW\DQGQXWULWLRQDOYDOXHRIDGULHG
NLOOHGEDFWHULDOELRPDVVIURP(VFKHULFKLDFROL )(50%3  3/ /0 DVDIHHG
PDWHULDOIRUSLJVUXPLQDQWVDQGVDOPRQLGV()6$-RXUQDO$YDLODEOHDW
KWWSVGRLRUJMHIVD
()6$)(('$33DQHO  6FLHQWLILF2SLQLRQRQWKHVDIHW\DQGQXWULWLRQDOYDOXHRIDGULHG
NLOOHGEDFWHULDOELRPDVVIURP(VFKHULFKLDFROL )(50%3  37 70 DVDIHHG
PDWHULDOIRUSLJVUXPLQDQWVDQGVDOPRQLGV()6$-RXUQDO$YDLODEOHDW
KWWSVGRLRUJMHIVD
)HL&3HPEHUWRQ-*/LOOLFR'0(=ZR]GHVN\0:6WDIIRUG-/%LRFKHPLFDODQG)XQFWLRQDO
,QVLJKWVLQWRWKH,QWHJUDWHG5HJXODWLRQRI,QQDWH,PPXQH&HOO5HVSRQVHVE\7HOHRVW/HXNRF\WH
,PPXQH7\SH5HFHSWRUV%LRORJ\ %DVLO 0DU  


)RODGRU-)HWDO  )LVKPHDOVILVKFRPSRQHQWVDQGILVKSURWHLQK\GURO\VDWHVDVSRWHQWLDO
LQJUHGLHQWVLQSHWIRRGV-$QLP6FL
)UHLWDJ$57KD\HU/5/HRQHWWL&6WDSOHWRQ+0+DPOLQ+-  (IIHFWVRIHOHYDWHG
QLWUDWHRQHQGRFULQHIXQFWLRQLQ$WODQWLFVDOPRQ6DOPRVDODU$TXDFXOWXUH
)U\-30DLOORX[1$/RYH'&0LOOL0&&DR/  )HHGFRQYHUVLRQHIILFLHQF\LQ
DTXDFXOWXUHGRZHPHDVXUHLWFRUUHFWO\"(QYLURQ5HV/HWW
KWWSVLRSVFLHQFHLRSRUJDUWLFOHDDDSGI
*OHUXS  6FDQWR[WHVWUHSRUWSUHSDUHGIRU'DQVN%LR3URWHLQ$,6/DE1R
6HSWHPEHUSS
*OHUXS3  (LJKWZHHNO\PSKQRGHWR[LFLW\VWXG\LQWKHUDW6FDQWR[WHVWUHSRUWSUHSDUHG
IRU'DQVN%3$6/DE1R6HSWHPEHUSS
*R\HU5$DQG&ODUNVRQ7:  7R[LF(IIHFWVRI0HWDOV,URQ )H &KDSWHU,Q&DVDUHWW
DQG'RXOO¶V7R[LFRORJ\7KH%DVLF6FLHQFHRI3RLVRQVWK(GLWLRQ.ODDVVHQ&'(GLWRU
0F*UDZ+LOO3S
*RWR.)XMLWD5.DWR<$VDKDUD0<RNRWD$  5HFODVVLILFDWLRQRI%UHYLEDFLOOXVEUHYLV
VWUDLQV1&,0%DQG'0 155/156 DV$QHXULQLEDFLOOXVGDQLFXVVSQRY
DQG%UHYLEDFLOOXVOLQRSKLOXVVSQRY,QWHUQDWLRQDO-RXUQDORI6\VWHPDWLFDQG(YROXWLRQDU\
0LFURELRORJ\  
-DFREVHQ  ,QWHUQDOUHSRUW/DE1R2FWREHUSS
-DYHG0  &KURQLFHIIHFWVRIQLFNHODQGFREDOWRQILVKJURZWK,QWHUQDWLRQDO-RXUQDORI
$JULFXOWXUH %LRORJ\±
-HQVHQ)%  3K\VLRORJLFDOHIIHFWVRIQLWULWHLQWHOHRVWVDQGFUXVWDFHDQV,Q7R[LFRORJ\RI
$TXDWLF3ROOXWLRQ3K\VLRORJLFDO0ROHFXODUDQG&HOOXODU$SSURDFKHV7D\ORU(:HG
&DPEULGJH8.&DPEULGJH8QLYHUVLW\3UHVVSS FLWHGLQ15& 
.LQFKHORH-::HGHPH\HU*$.RFK'/  7ROHUDQFHRIGHYHORSLQJVDOPRQLGHJJVDQG
IU\WRQLWUDWHH[SRVXUH%XOO&RQWDP7R[LFRO
.RED\DVL71DNDPXUD,)XMLWD+7VXNLPRUL$6DWR$)XNXVKLPD62KNXVX.0DWVXPRWR
7  )LUVWFDVHUHSRUWRILQIHFWLRQGXHWR&XSULDYLGXVJLODUGLLLQDSDWLHQWZLWKRXW
LPPXQRGHILFLHQF\DFDVHUHSRUW%0&,QIHFWLRXV'LVHDVHV
/DQJHYLQ69LQFHOHWWH-%HNDO6DQG*DXGUHDX&  )LUVWFDVHRILQYDVLYHKXPDQ
LQIHFWLRQFDXVHGE\&XSULDYLGXVPHWDOOLGXUDQV-&OLQ0LFURELRO  



/DQJP\KU)-2UUH6  'LUHFWDWRPLFDEVRUSWLRQVSHFWURPHWULFGHWHUPLQDWLRQRI
FKURPLXPFREDOWDQGQLFNHOLQILVKSURWHLQFRQFHQWUDWHDQGGULHGILVKVROXEOHV$QDO\WLFD
&KLPLFD$FWD
0DJDGDQ66XQ\HU2-%RXGLQRW3  8QLTXHIHDWXUHVRIILVKLPPXQHUHSHUWRLUHV
SDUWLFXODULWLHVRIDGDSWLYHLPPXQLW\ZLWKLQWKHODUJHVWJURXSRIYHUWHEUDWHV5HVXOWV3UREO&HOO
'LIIHU
0DUWLQ$0.UyO(  1XWURJHQRPLFVDQGLPPXQHIXQFWLRQLQILVKQHZLQVLJKWVIURP
RPLFVWHFKQRORJLHV'HYHORS&RPSDU,PPXQRO
0DXOH$**DQQDP$/'DYLV-:  &KHPLFDOFRQWDPLQDQWVLQILVKIHHGVXVHGLQIHGHUDO
VDOPRQLGKDWFKHULHVLQWKH86$&KHPRVSKHUH
0¡OFN$03RXOVHQ0&KULVWHQVHQ+5/DXULGVHQ670DGVHQ&  ,PPXQRWR[LFLW\RI
QXFOHLFDFLGUHGXFHG%3±DEDFWHULDOGHULYHGVLQJOHFHOOSURWHLQ±LQ:LVWDUUDWV7R[LFRORJ\

0]HQJHUH]D..DQJ¶RPEH-  (IIHFWRIVDOW VRGLXP&KORULGH VXSSOHPHQWDWLRQRQ
JURZWKVXUYLYDODQGIHHGXWLOL]DWLRQRI2UHRFKURPLVVKLUDQXV 7UHZDYDV -$TXDF5HV
'HYHORS  SS
1DWLRQDO5HVHDUFKFRXQFLO 15&   0HUFXU\&KDSWHULQ0LQHUDOWROHUDQFHRIDQLPDOV
&RPPLWWHHRQ0LQHUDOVDQGWR[LF6XEVWDQFHVLQGLHWVDQGZDWHUIRU$QLPDOV%RDUGRQ
DJULFXOWXUHDQG1DWXUDOUHVRXUFHV'LYLVLRQRQ(DUWKDQG/LIH6WXGLHV6HFRQG5HYLVHG(GLWLRQ
SS
1DWLRQDO5HVHDUFKFRXQFLO 15&   0LQHUDOVDQG$FLGEDVH%DODQFH&KDSWHULQ
0LQHUDOWROHUDQFHRIDQLPDOV&RPPLWWHHRQ0LQHUDOVDQGWR[LF6XEVWDQFHVLQGLHWVDQGZDWHU
IRU$QLPDOV%RDUGRQDJULFXOWXUHDQG1DWXUDOUHVRXUFHV'LYLVLRQRQ(DUWKDQG/LIH6WXGLHV
6HFRQG5HYLVHG(GLWLRQSS
1DWLRQDO5HVHDUFKFRXQFLO 15&   1LFNHO&KDSWHULQ0LQHUDOWROHUDQFHRIDQLPDOV
&RPPLWWHHRQ0LQHUDOVDQGWR[LF6XEVWDQFHVLQGLHWVDQGZDWHUIRU$QLPDOV%RDUGRQ
DJULFXOWXUHDQG1DWXUDOUHVRXUFHV'LYLVLRQRQ(DUWKDQG/LIH6WXGLHV6HFRQG5HYLVHG(GLWLRQ
SS
1DWLRQDO5HVHDUFKFRXQFLO 15&   1LWUDWHVDQGQLWULWHV&KDSWHULQ0LQHUDOWROHUDQFH
RIDQLPDOV&RPPLWWHHRQ0LQHUDOVDQGWR[LF6XEVWDQFHVLQGLHWVDQGZDWHUIRU$QLPDOV%RDUG
RQDJULFXOWXUHDQG1DWXUDOUHVRXUFHV'LYLVLRQRQ(DUWKDQG/LIH6WXGLHV6HFRQG5HYLVHG
(GLWLRQSS
1DWLRQDO5HVHDUFKFRXQFLO 15&   6RGLXPFKORULGH&KDSWHULQ0LQHUDOWROHUDQFHRI
DQLPDOV&RPPLWWHHRQ0LQHUDOVDQGWR[LF6XEVWDQFHVLQGLHWVDQGZDWHUIRU$QLPDOV%RDUGRQ


DJULFXOWXUHDQG1DWXUDOUHVRXUFHV'LYLVLRQRQ(DUWKDQG/LIH6WXGLHV6HFRQG5HYLVHG(GLWLRQ
SS
1$785$/*$625*$YDLODEOHDW
KWWSVZHEDUFKLYHRUJZHEKWWSQDWXUDOJDVRUJRYHUYLHZEDFNJURXQG
1HZ<RUN6WDWH  +XPDQ+HDOWK)DFW6KHHW$PELHQW:DWHU4XDOLW\9DOXH%DVHGRQ
+XPDQ&RQVXPSWLRQRI)LVK0DUFKKWWSVZZZHSDJRYVLWHVSURGXFWLRQILOHV
GRFXPHQWVQ\BKKBBIBSGI
1RQDND06PLWK6/  &RPSOHPHQWV\VWHPRIERQ\DQGFDUWLODJLQRXVILVK)LVK6KHOOILVK
,PPXQRO$SU  
1RIHUP$6  $GGLWLRQDOLQIRUPDWLRQRQWKHVDIHW\RI%LR3URWHLQIURPVWXGLHVRQSLJOHWV
SLJVIRUIDWWHQLQJEURLOHUFKLFNHQ$WODQWLF6DOPRQDQGUDWV6XSSOHPHQWWR'RVVLHUIRU
%LRSURWHLQ5HJLVWUDWLRQXQGHUGLUHFWLYH((&VXEPLWWHG2FWREHUSS
15&  1XWULHQWVDQG7R[LF6XEVWDQFHVLQZDWHUIRU/LYHVWRFNDQG3RXOWU\1DWLRQDO
DFDGHP\3UHVV:DVKLQJWRQ'& FLWHGE\15& 
3DUNV'+5LQNH&&KXYRFKLQD0&KDXPHLO3$:RRGFURIW%-(YDQV31+XJHQKROW]3DQG
7\VRQ*:  5HFRYHU\RIQHDUO\PHWDJHQRPHDVVHPEOHGJHQRPHVVXEVWDQWLDOO\
H[SDQGVWKHWUHHRIOLIH1DWXUH0LFURELRORJ\  
3LHUFH5+:HHNV-03UDSSDV-0  1LWUDWHWR[LFLW\WRILYHVSHFLHVRIPDULQHILVK-
:RUOG$TXDF6RF DOOFLWHGLQ15& 
3ORPS55XKDDN/58K+:5HLGLQJ.56HOPDQ0+RXZLQJ'XLVWHUPDWW--6ODJERRP
3(%HHNPDQ0:XKUHU0  6XEFODVVVSHFLILF,J*JO\FRV\ODWLRQLVDVVRFLDWHGZLWK
PDUNHUVRILQIODPPDWLRQDQGPHWDEROLFKHDOWK6FLHQWLILF5HSRUWV
3RUFKHURQ)%DUWKHOHW.6FKZHLW]HU-0'DXGLQ$  0HUFXU\WUDFHVUHPRYDOIURP
QDWXUDOJDV2SWLPL]DWLRQRIJXDUGEHGDGVRUSWLRQSURSHUWLHV&RQIHUHQFHSDSHUSUHVHQWHGDWWKH
$PHULFDQ,QVWLWXWHRI&KHPLFDO(QJLQHHUV $,&K( $QQXDO0HHWLQJ(QYLURQPHQWDO
$SSOLFDWLRQVRI$GVRUSWLRQ,*DV3KDVH1RYHPEHU
KWWSVZZZDLFKHRUJFRQIHUHQFHVDLFKHDQQXDOPHHWLQJSURFHHGLQJSDSHUHPHUFXU\
WUDFHVUHPRYDOQDWXUDOJDVRSWLPL]DWLRQJXDUGEHGDGVRUSWLRQSURSHUWLHV
3WDVK\QVNL0'3HGODU50(YDQV5(%DURQ&/.ODYHUNDPS-)  7R[LFRORJ\RI
GLHWDU\QLFNHOLQODNHZKLWHILVK &RUHJRQXVFOXSHDIRUPLV $TXDWLF7R[LFRORJ\±
3WDVK\QVNL0'3HGODU50(YDQV5(:DXWLHU.*%DURQ&/.ODYHUNDPS-)  
$FFXPXODWLRQGLVWULEXWLRQDQGWR[LFRORJ\RIGLHWDU\QLFNHOLQODNHZKLWHILVK &RUHJRQXV
FOXSHDIRUPLV DQGODNHWURXW 6DOYHOLQXVQDPD\FXVK &RPSDUDWLYH%LRFKHPLVWU\DQG
3K\VLRORJ\7R[LFRORJ\ 3KDUPDFRORJ\±


5HKEHUJHU.:HUQHU,+LW]IHOG%6HJQHU+%DXPDQQ/  <HDUVRIILVK
LPPXQRWR[LFRORJ\±ZKDWZHNQRZDQGZKHUHZHDUH&ULW5HY7R[LFRO  
5RPDUKHLP2+HWDO  %DFWHULDJURZQRQQDWXUDOJDVSUHYHQWVR\EHDQPHDOLQGXFHG
HQWHULWLVLQ$WODQWLFVDOPRQ-1XWU
5RPDUKHLPHWDO RQOLQH 3UHYHQWLRQRIVR\DLQGXFHGHQWHULWLVLQ$WODQWLFVDOPRQ 6DOPR
VDODU E\EDFWHULDJURZQRQQDWXUDOJDVLVGRVHGHSHQGHQWDQGUHODWHGWRHSLWKHOLDO0+&,,
UHDFWLYLW\DQG&'ĮLQWUDHSLWKHOLDOO\PSKRF\WHV%ULW-1XWU0DUFK
5XVVHOO-%  5XPHQPLFURELRORJ\DQGLWVUROHLQUXPLQDQWQXWULWLRQ&RUQHOO8QLYHUVLW\
1HZ<RUNVWDWHFROOHJHRI$JULFXOWXUHDQG/LIH6FLHQFHV'HSDUWPHQWRI0LFURELRORJ\,WKDFD
1<
6DOPDQ1$  (IIHFWRIGLHWDU\VDOWRQIHHGLQJGLJHVWLRQJURZWKDQGRVPRUHJXODWLRQLQ
WHOHRVWILVK&KDSWHU,Q2VPRUHJXODWLRQDQG,RQ7UDQVSRUW9ROXPH+DQG\%XU\DQG
)OLFNHGV6RFLHW\RI([SHULPHQWDO%LRORJ\8. 6(% 
6DOPDQ1$(GG\)%  (IIHFWRIGLHWDU\VRGLXPFKORULGHRQJURZWKIRRGLQWDNHDQG
FRQYHUVLRQHIILFLHQF\LQ5DLQERZWURXW 6DOPRJDLUQHUL5LFKDUGVRQ $TXDFXOWXUH
6FLHQWLILF&RPPLWWHHIRU$QLPDO1XWULWLRQUHSRUW $SULO IRXQGLQ$SSHQGL[
6NUHGH$%HUJH*06WRUHEDNNHQ7+HUVWDG2$DUVWDG.*6XQGVWRO)  'LJHVWLELOLW\
RIEDFWHULDOSURWHLQJURZQRQQDWXUDOJDVLQPLQNSLJVFKLFNHQDQG$WODQWLFVDOPRQ$QLPDO
)HHG6FL7HFKQRO  
6PLFLNODV:ULJKW+0LWFKHOO'&0LFNOH6-&RRN$-*ROGPDQ-'  86'$
&RQWLQXLQJ6XUYH\RI)RRG,QWDNHVE\,QGLYLGXDOV &6),, 
6WRUHEDNNHQ7HWDO  %DFWHULDOSURWHLQJURZQRQQDWXUDOJDVLQGLHWVIRU$WODQWLFVDOPRQ
6DOPRVDODULQIUHVKZDWHU$TXDFXOWXUH
6XQHHYD6&HWDO  7UDQVIRUPDWLRQRI%UHYLEDFLOOXVDVRLOPLFUREHWRDQXURSDWKRJHQZLWK
KHPDJJOXWLQDWLRQWUDLW:RUOG-0LFURELRO%LRWHFKQRO  
6YHQGVHQ 'DPP-RUJHQVHQ  6FDQWR[WHVWUHSRUWSUHSDUHGIRU'DQVN%LR3URWHLQ$6
/DE1R-XO\SS
7DNDZDOH  6FDQWR[WHVWUHSRUWSUHSDUHGIRU1RUIHUP$,66WXG\QR2FWREHU
SS
7KHVWUXS  ,QWHUQDOUHSRUW1RUIHUP2FWREHUSS



7RNDU(-%R\G:$)UHHGPDQ-+:DDONHV03  7R[LF(IIHFWVRI0HWDOV,URQ )H 
&KDSWHU,Q&DVDUHWWDQG'RXOO¶V7R[LFRORJ\7KH%DVLF6FLHQFHRI3RLVRQVWK(GLWLRQ
.ODDVVHQ&'(GLWRU0F*UDZ+LOO3S
86(3$  *UHDW/DNHVZDWHU4XDOLW\,QLWLDWLYHWHFKQLFDO6XSSRUW'RFXPHQWIRUWKH
3URFHGXUHWR'HWHUPLQH%LRDFFXPXODWLRQ)DFWRUV2IILFHRI:DWHU(3$%
86(3$  0HUFXU\LQSHWUROHXPDQGQDWXUDOJDVHVWLPDWLRQRIHPLVVLRQVIURPSURGXFWLRQ
SURFHVVLQJDQGFRPEXVWLRQ$YDLODEOHDW
KWWSVFISXEHSDJRYVLVLBSXEOLFBUHFRUGBUHSRUWFIP"/DE 1505/ GLU(QWU\,G 
86)'$ XQGDWHG 0HUFXU\OHYHOVLQFRPPHUFLDOILVKDQGVKHOOILVK  
KWWSVZZZIGDJRYIRRGPHWDOVPHUFXU\OHYHOVFRPPHUFLDOILVKDQGVKHOOILVK
86)'$  7HFKQLFDOLQIRUPDWLRQRQGHYHORSPHQWRI)'$(3$DGYLFHDERXWHDWLQJILVK
IRUZRPHQZKRDUHRUPLJKWEHFRPHSUHJQDQWEUHDVWIHHGLQJPRWKHUVDQG\RXQJFKLOGUHQ
KWWSVZZZIGDJRYIRRGPHWDOVWHFKQLFDOLQIRUPDWLRQGHYHORSPHQWIGDHSDDGYLFHDERXW
HDWLQJILVKZRPHQZKRDUHRUPLJKWEHFRPH
866R\EHDQ([SRUW&RXQFLO  KWWSVXVVHFRUJZSFRQWHQWXSORDGV866R\EHDQ
0HDO,QIRUPDWLRQSGI
:DONHU5  1LWUDWHVQLWULWHVDQG1QLWURVRFRPSRXQGVDUHYLHZRIWKHRFFXUUHQFHLQIRRG
DQGGLHWDQGWKHWR[LFRORJLFDOLPSOLFDWLRQV)RRG$GGLW&RQWDP  
:HHQ2HWDO  1XWULWLRQDODQGIXQFWLRQDOSURSHUWLHVRIILVKPHDOSURGXFHGIURPIUHVKE\
SURGXFWVRIFRG *DGXVPRUKXD/ DQGVDLWKH 3ROODFKLXVYLUHQV +HOL\RQ  H
:LOKHOP60  0HUFXU\LQSHWUROHXPDQGQDWXUDOJDVHVWLPDWLRQRIHPLVVLRQVIURP
SURGXFWLRQSURFHVVLQJDQGFRPEXVWLRQ3UHSDUHGE\WKH1DWLRQDO5LVN0DQDJHPHQW5HVHDUFK
/DERUDWRU\IRU86(3$2IILFHRI$LU4XDOLW\3ODQQLQJDQG6WDQGDUGV86(3$(3$5
3SLQFOXGLQJWDEOH
<DK\D5DQG0XVKDQQHQ$  &XSULDYLGXVSDXFXOXVDVDQHPHUJLQJSDWKRJHQDPLQL
UHYLHZRIUHSRUWHGLQFLGHQWVDVVRFLDWHGZLWKLWVLQIHFWLRQ(&3XOPRQRORJ\DQG5HVSLUDWRU\
0HGLFLQH  
=KDQJ='HQJ::DQJ6;X/<DQ//LDR3  )LUVWFDVHUHSRUWRILQIHFWLRQFDXVHGE\
&XSULDYLGXVJLODUGLLLQDQRQLPPXQRFRPSURPLVHG&KLQHVHSDWLHQW,'&DVHV
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6WXGLHVLQIDUPDQLPDOV
 ,QWURGXFWLRQ
 (IILFDF\WULDOVZLWK%LR3URWHLQRQWDUJHWVSHFLHV
 %LR3URWHLQLQGLHWVIRUSLJOHWV $QQH[ 
 (IIHFWRI%LR3URWHLQRQJURZWKSHUIRUPDQFHRIIDWWHQLQJSLJV $QQH[ 
 )LHOGWULDOZLWKLQ1RUZD\LQFRRSHUDWLRQZLWK)HOOHVNM¡SHW){UXWYLNOLQJ
%LR3URWHLQDVDIHHGLQJUHGLHQWIRUIDWWLQJSLJV $QQH[ 
 %URLOHUFKLFNHQWUDLOZLWK%LR3URWHLQ
 %DFWHULDOSURWHLQDVDSURWHLQVRXUFHLQGLHWVIRU$WODQWLFVDOPRQ 6DOPR
6DODU $QQH[
 'LVFXVVLRQ

6WXGLHVLQUDWV
 ,QWURGXFWLRQ
 6LQJOH*HQHUDWLRQ6WXG\
 6WXG\GHVLJQ
 5HVXOWV
 6WXG\LQ:HDQOLQJ5DWV
 6WXG\GHVLJQ
 5HVXOWV
 $QWLERG\6WXGLHV $QQH[ 
 3URFHGXUHV
 5HVXOWV


',6&866,21



&21&/86,216

%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU

SDJHRI



6800$5<
7KLVGRVVLHUSURYLGHVDGGLWLRQDOLQIRUPDWLRQLQVXSSRUWRIWKHSHQGLQJDSSOLFDWLRQIRU
WKHH[WHQGHGXVHRI%LR3URWHLQDVDQDQLPDOIHHGLQJUHGLHQWZLWKLQWKH(XURSHDQ8QLRQ
$VZHOODVQHZGDWDJHQHUDWHGLQIDUPHGVDOPRQSLJVDQGEURLOHUFKLFNHQVLWSURYLGHV
WKHUHVXOWVRIIXUWKHUUHVHDUFKLQWKHODERUDWRU\UDWLQLWLDWHGWRLQYHVWLJDWHHDUOLHUILQGLQJV
REVHUYHGLQUDWVIHGDQRQFRPPHUFLDOH[SHULPHQWDOVDPSOHZLWKDUHGXFHGQXFOHLFDFLG
FRQWHQWSURGXFHGIRUUHVHDUFKSXUSRVHV

1.1 Target Animal Studies
)LYHQHZVWXGLHVLQWDUJHWDQLPDOVDUHSUHVHQWHG






:HDQHGSLJOHWVUHFHLYLQJIHHGFRQWDLQLQJ%LR3URWHLQ
)DWWHQLQJSLJWULDOZKHUHWKHSLJVUHFHLYHG%LR3URWHLQ
$ILHOGVWXG\RIDURXQGIDWWHQLQJSLJVRQFRPPHUFLDOIDUPVUHFHLYLQJ
%LR3URWHLQ
$EURLOHUFKLFNHQWULDOZLWKIHHGFRQWDLQLQJ%LR3URWHLQ
$WULDOLQIDUPHG$WODQWLF6DOPRQ 6DOPRVDODU ZKHUHOHYHOVRIDQG
%LR3URWHLQZHUHWHVWHG

7KHUHVXOWVRIDOOWKHVHVWXGLHVFRQILUPHGWKDW%LR3URWHLQLVZHOOWROHUDWHGE\IDUP
DQLPDOVZLWKQRDGYHUVHKHDOWKHIIHFWV*URZWKDQGSHUIRUPDQFHZHUHDWOHDVWDVJRRGDV
WKHFRQWURODQLPDOVDQGRIWHQEHWWHUUHVXOWVZHUHREWDLQHGDVDUHVXOWRIIHHGLQJ
%LR3URWHLQ
,QWKHILUVWRIWKHDERYHWULDOVWKHSLJOHWVUHFHLYLQJWKH%LR3URWHLQGLHWKDGD
VLJQLILFDQWO\EHWWHUZHLJKWJDLQRYHUWKHH[SHULPHQWDOSHULRGWKDQWKHFRQWUROVDQGLQWKH
IDWWHQLQJSLJWULDO%LR3URWHLQJDYHZHLJKWJDLQVWKDWZHUHQRWVLJQLILFDQWO\GLIIHUHQWIURP
WKHFRQWURODQLPDOV,QERWKWULDOVIHHGLQWDNHDQGIHHGFRQYHUVLRQUDWLRZHUHQRW
VLJQLILFDQWO\DIIHFWHG
7KHILHOGVWXG\LQYROYLQJFRPPHUFLDOIDUPVDQGDURXQGIDWWHQLQJSLJVUHOLHGRQ
WKHDVVHVVPHQWVRIWKHIDUPHUVUHFRUGHGWKURXJKTXHVWLRQQDLUHV7KHUHFRUGVLQFOXGHG
WKHLUDVVHVVPHQWRIIHHGTXDOLW\IHHGLQWDNHJURZWKSHUIRUPDQFHDQGKHDOWKVWDWXVRI
WKHSLJVDVZHOODVLQIRUPDWLRQUHJDUGLQJWKHHQYLURQPHQWDOFRQGLWLRQVRQWKHIDUPV
7KHUHVXOWVLQGLFDWHGWKDW%LR3URWHLQJDYHFRPSDUDEOHRUHYHQEHWWHUZHLJKWJDLQV
WKDQWKHQRUPDOIHHG)HHGLQWDNHZDVXQDIIHFWHGDQG%LR3URWHLQGLGQRWDGYHUVHO\DIIHFW
WKHKHDOWKVWDWXVRIWKHSLJV
7KHEURLOHUFKLFNHQWULDOODVWHGIURPGD\ROGWRGD\VRIDJHDQGWKHOHYHORI
%LR3URWHLQWHVWHGZDVRIWKHIHHG7KH%LR3URWHLQJURXSKDGDVLJQLILFDQWO\KLJKHU
ZHLJKWJDLQWRGD\V S DQGDOVRGXULQJWKHSHULRGWRGD\VRIDJH S 
$OWKRXJKWKHKLJKHUIHHGLQWDNHRIWKH%LR3URWHLQIHHGZDVQRWVLJQLILFDQWO\GLIIHUHQW
IURPWKHFRQWUROIHHGWKHIHHGFRQYHUVLRQRIWKH%LR3URWHLQJURXSZDVVLJQLILFDQWO\
LPSURYHG S ,QDGGLWLRQWKHUHZHUHQRGLIIHUHQFHVLQPRUWDOLW\FDUFDVVGUHVVLQJ
SHUFHQWDJHRUOLWWHUTXDOLW\DVDUHVXOWRILQFOXGLQJ%LR3URWHLQLQWKHIHHG
7KHQLQHZHHNVDOPRQWULDOLQYROYLQJVDOPRQVKRZHGDSURJUHVVLYHLQFUHDVHLQ
VSHFLILFJURZWKUDWHDVWKHLQFOXVLRQRI%LR3URWHLQLQFUHDVHG7KHGLIIHUHQFHZLWKWKH

%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU

SDJHRI


FRQWUROVEHFDPHVLJQLILFDQWDWDQG%LR3URWHLQ S 7KLVSDWWHUQZDVDOVR
HYLGHQWLQWKHILQDOZHLJKWVRIWKHILVKWKRXJKQRWTXLWHUHDFKLQJWKHFRQYHQWLRQDOOHYHO
RIVLJQLILFDQFH S  %LR3URWHLQDOVRLPSURYHGIHHGHIILFLHQF\DQGGLIIHUHQFHV
EHFDPHVLJQLILFDQWDWWKHKLJKHVWLQFOXVLRQOHYHORI%LR3URWHLQ7KHKLJKHUOHYHOVRI
%LR3URWHLQDOVRVLJQLILFDQWO\LPSURYHGERWKHQHUJ\DQGQLWURJHQUHWHQWLRQ+LJKHU
SODVPDDQGOLYHUOHYHOVRIXUHDPD\KDYHEHHQLQGLFDWLYHRIFDWDEROLVPRIQXFOHLFDFLGV
EXWWKHJURZWKDQGRWKHUUHVXOWVGHPRQVWUDWHWKDWWKLVLVZHOOZLWKLQWKHFDSDFLW\RIWKH
VDOPRQWRKDQGOHZLWKRXWDGYHUVHHIIHFWV

$WWHUPLQDWLRQRIWKHWZRFRQWUROOHGSLJWULDOVDQGWKHEURLOHUFKLFNHQWULDODQLPDOVZHUH
VXEMHFWHGWRQHFURSV\DQGVHOHFWHGRUJDQVZHUHH[DPLQHGIRUKLVWRORJLFDOFKDQJHV
7KHUHZHUHQRDGYHUVHHIIHFWVDWWULEXWDEOHWR%LR3URWHLQLQDQ\RIWKHVHVWXGLHV

1.2 Rat Studies

7ZRQHZVWXGLHVKDYHEHHQFRPSOHWHGLQUDWV

 $VLQJOHJHQHUDWLRQVWXG\
 $VWXG\LQMXYHQLOHUDWVIURPZHDQLQJWRZHHNVRIDJH

$QWLERG\VWXGLHVZHUHXQGHUWDNHQRQEORRGVDPSOHVWDNHQIURPUDWVLQWKHVHWZRVWXGLHV
LQFOXGLQJVDPSOHVIURPLPPXQLVHGUDWVIURPWKH6LQJOH*HQHUDWLRQ6WXG\

,QWKHVLQJOHJHQHUDWLRQVWXG\%LR3URWHLQZDVWHVWHGDWGLHWDU\LQFOXVLRQOHYHOVRI
DQG'LHWVFRQWDLQLQJWKHVDPHOHYHOVRI%UHZHU¶V<HDVWZHUHDOVRLQFOXGHGLQWKH
VWXG\LQRUGHUWRKDYHDFRQYHQWLRQDOVRXUFHRISURWHLQRIDVLPLODUQDWXUHWRIRUPDQ
DGGLWLRQDOEDVLVRIFRPSDULVRQZLWK%LR3URWHLQ

7KHVWXG\LQMXYHQLOHUDWVXVHGWKH%LR3URWHLQGLHWEXWLWZDVIHGIRUGLIIHUHQW
SHULRGVRIWLPHLQWKHYDULRXVWUHDWPHQWJURXSV7KH%LR3URWHLQGLHWZDVLQWURGXFHG
IURPZHDQLQJRUDIWHUZHHNVRIDJHDQGERWKJURXSVUHPDLQHGRQWKHGLHWXQWLO
ZHHNVRIDJH$QDGGLWLRQDOJURXSRIUDWVIHG%LR3URWHLQIURPZHHNVFRQWLQXHGRQWKH
GLHWXQWLOZHHNVRIDJHZKLOHDQRWKHUJURXSZDVUHWXUQHGWRWKH&DVHLQFRQWUROGLHW
IURPZHHNVWRZHHNVRIDJH

%LR3URWHLQVKRZHGQRHIIHFWVRQUHSURGXFWLYHSHUIRUPDQFHDQGGLGQRWDIIHFWJURZWK
DQGGHYHORSPHQWRIWKHRIIVSULQJWRZHHNVRIDJH6LPLODUO\JURZWKDQGJHQHUDOZHOO
EHLQJZHUHXQDIIHFWHGLQWKH-XYHQLOHV6WXG\LQUDWVIHG%LR3URWHLQIURPZHDQLQJRU
ZHHNVRIDJHWRHLWKHURUZHHNVRIDJH

7KHPDLQILQGLQJVRILQWHUHVWZHUHWKDWSDUHQWDQLPDOVLQERWKWKH%LR3URWHLQDQG
%UHZHU¶V<HDVWJURXSVVKRZHGDGHJUHHRIHQODUJHPHQWRIPHVHQWHULFO\PSKQRGHV
ZKLFKZDVQRWXQH[SHFWHGLQWKHOLJKWRIUHVXOWVIURPSUHYLRXVVWXGLHV,QWKH%LR3URWHLQ
JURXSVWKLVZDVDFFRPSDQLHGE\PLQLPDOWRPRGHUDWHDFFXPXODWLRQRIPDFURSKDJHV,Q
WKHRIIVSULQJPDLQWDLQHGWRZHHNVRIDJHRQO\PDOHVKDGDVLJQLILFDQWLQFUHDVHLQ
PHVHQWHULFO\PSKQRGHZHLJKWVZLWKRXWDQ\GRVHUHVSRQVHUHODWLRQVKLS0LQLPDOWR
VOLJKWPDFURSKDJHDFFXPXODWLRQZDVVHHQLQWKHO\PSKQRGHVRIRQO\RIWKH
%LR3URWHLQIHGUDWV


%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU



SDJHRI

-XYHQLOHUDWVIHGWKH%LR3URWHLQGLHWIURPZHDQLQJRUIURPZHHNVRIDJHWR
ZHHNVRIDJHVKRZHGVRPHO\PSKQRGHHQODUJHPHQWPRVWO\LQIHPDOHV7KLVZDV
DFFRPSDQLHGE\PLQLPDOWRVOLJKWPDFURSKDJHDFFXPXODWLRQLQRQO\IHPDOHVLQHDFK
RIWKHVHJURXSVZLWKQRQHLQPDOHV,QFUHDVHGPHVHQWHULFO\PSKQRGHZHLJKWVUHPDLQHG
HYLGHQWLQDJURXSWKDWFRQWLQXHGWRUHFHLYH%LR3URWHLQWRZHHNVRIDJH7KHGHJUHH
RIPDFURSKDJHDFFXPXODWLRQZDVPLQLPDOWRPRGHUDWH7KHJURXSUHWXUQHGWRWKH
&RQWUROGLHWIURPWRZHHNVRIDJHVKRZHGVRPHZHLJKWLQFUHDVHLQPDOHVRQO\EXW
ZLWKRXWDQ\DFFXPXODWLRQRIPDFURSKDJHV7KLVLQGLFDWHVWKDWWKHVPDOOHIIHFWRQ
PHVHQWHULFO\PSKQRGHVLVUHYHUVLEOHZKHQDQLPDOVDUHUHWXUQHGWRWKHFRQWUROGLHW
$QDO\VLVRIEORRGVDPSOHVIURPUDWVWKDWKDGUHFHLYHG&RQWURORU%LR3URWHLQGLHWVIURP
WKHDERYHVWXGLHVZDVXQGHUWDNHQIRU,J*,J*,J*DDQG,J*$DQWLERGLHVDJDLQVW
%LR3URWHLQ:KHUHDVSDUHQWDQLPDOVUHFHLYLQJ%LR3URWHLQKDGKLJKHUOHYHOVRIDQWLERGLHV
WKDQ&RQWURODQLPDOVRIIVSULQJLQWKH%LR3URWHLQJURXSVVKRZHGQRLQFUHDVHUHODWLYHWR
WKH&RQWUROV
7KHOHYHOVRIDQWLERGLHVWR%LR3URWHLQLQVHUXPIURPLPPXQLVHGUDWVIHG%LR3URWHLQ
ZHUHORZFRPSDUHGWRWKHOHYHOVLQWKHLPPXQLVHG&RQWUROUDWV7KHOHYHOVRI
%LR3URWHLQDQWLERGLHVZHUHQRWLQFUHDVHGRYHUWKHIHHGLQJSHULRGIURPWRGD\VRI
DJHLQGLFDWLQJQRLQFUHDVHLQUHVSRQVHZLWKWLPH
7KHVLJQLILFDQFHRIWKHDQWLERG\OHYHOVFRPSDUHGWRWKHOHYHOVLQUDWVIHGWKHFDVHLQ
&RQWUROGLHWZDVGHSHQGHQWRQWKHDJHRIWKHUDWV&RQWUROUDWVKDYHDORZOHYHORI
DQWLERGLHVUHDFWLQJZLWK%LR3URWHLQZKLFKPD\EHH[SODLQHGE\WKHH[LVWHQFHRIQRQ
VSHFLILFFURVVUHDFWLQJDQWLERGLHV7KHOHYHOZDVVKRZQWRLQFUHDVHZLWKDJHZKLFK
PD\EHDFRQVHTXHQFHRIDFRQWLQXRXVO\DQGPRUHGLYHUVHSURGXFWLRQRIDQWLERGLHV
WRZDUGVLQJHVWHGDQWLJHQVZLWKDJH
(DUO\SUHVHQWDWLRQRI%LR3URWHLQZDVDOVRVKRZQWRUHGXFHWKHLPPXQRORJLFDOUHVSRQVH
5DWVUHFHLYLQJ%LR3URWHLQIURPZHHNVRIDJHUHVSRQGHGZLWKDVLJQLILFDQWO\ORZHU
%LR3URWHLQDQWLERG\WLWUHWKDQDQLPDOVUHFHLYLQJ%LR3URWHLQIURPZHHNVRIDJH
,Q%LR3URWHLQIHGRIIVSULQJRISDUHQWVIHG%LR3URWHLQQRVLJQLILFDQWOHYHORIDQWLERGLHV
ZDVIRXQG$OVRIROORZLQJLPPXQLVDWLRQRIRIIVSULQJUDWVIHG%LR3URWHLQKDGRQO\
VOLJKWO\LQFUHDVHG%LR3URWHLQDQWLERG\WLWUHV2QWKHRWKHUKDQGDYHU\KLJKUHVSRQVH
ZDVIRXQGLQ%LR3URWHLQLPPXQLVHG&RQWUROUDWV
7KHDQWLERG\UHVSRQVHWR%UHZHU¶V<HDVWLQWKHGLHWVHHPHGWRIROORZWKHVDPHWUHQGDV
WKDWREVHUYHGIRU%LR3URWHLQ+RZHYHUZLWK%UHZHU¶V<HDVWDPRUHSURQRXQFHG
DQWLERG\UHVSRQVHZDVREVHUYHG
7KHDQWLERG\VWXGLHVDQGWKHLQFUHDVHLQPHVHQWHULFO\PSKQRGHZHLJKWVWRJHWKHUZLWK
WKHORZJUDGHPDFURSKDJHDFFXPXODWLRQVHHQLQVRPHUDWVDUHLQGLFDWLYHRIDQLPPXQH
UHVSRQVHWRDGLHWDU\DQWLJHQ)XUWKHUPRUHWKHUHVSRQVHLVGLPLQLVKHGE\SDUHQWDO
H[SRVXUHRUHDUO\LQWURGXFWLRQLQWRWKHGLHWDQGWKHHIIHFWVDUHDOVRUHYHUVLEOHLQGLFDWLQJ
WKHDEVHQFHRIDQ\WR[LFHIIHFW
7KHDQLPDOVVWXGLHGSRVWPRUWHPLQWKHSLJDQGEURLOHUFKLFNHQWULDOVVKRZHGQR
HYLGHQFHRILPPXQHUHVSRQVHVDVVHHQLQWKHUDWLQFOXGLQJDEVHQFHRIFKDQJHVWRO\PSK
WLVVXHDVVRFLDWHGZLWKWKHLQWHVWLQHV

%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU

SDJHRI

7KHHIIHFWVRQWKHLPPXQHV\VWHPVHHQLQWKHVHVWXGLHVZLWKFRPPHUFLDOO\SURGXFHG
%LR3URWHLQZHUHIDUOHVVWKDQLQWKHSUHYLRXVVWXG\DWWKH'DQLVK9HWHULQDU\DQG)RRG
$GPLQLVWUDWLRQXVLQJDVSHFLDOO\SUHSDUHGVDPSOHRIH[SHULPHQWDOPDWHULDOZLWKD
UHGXFHGQXFOHLFDFLGFRQWHQW,WLVDOVRLQWHUHVWLQJWKDWLQHDUOLHUZHHNVUDWVWXG\
%UHZHU¶V<HDVWSURGXFHGHIIHFWVFRPSDUDEOHWRWKHH[SHULPHQWDOVDPSOHZKHUHDVWKH
HIIHFWVRI%UHZHU¶V<HDVWVHHQLQWKHUHFHQW6LQJOH*HQHUDWLRQ6WXG\ZHUHPXFKOHVVDQG
RQO\HYLGHQWLQWKHSDUHQWV$OVRWKHVH[HVKDYHQRWH[KLELWHGHQWLUHO\FRQVLVWHQWHIIHFWV
EHWZHHQWKHYDULRXVSDVWDQGSUHVHQWVWXGLHV
1.3 Conclusions
%LR3URWHLQLVIXUWKHUFRQILUPHGWRJLYHYHU\JRRGSHUIRUPDQFHLQWDUJHWDQLPDOVLH
ZHDQHGSLJOHWVIDWWHQLQJSLJVEURLOHUFKLFNHQVDQGIDUPHG$WODQWLFVDOPRQ7KHUHZHUH
QRDGYHUVHKHDOWKHIIHFWVLQWKHVHVSHFLHVDVFRQILUPHGE\SDWKRORJLFDODVVHVVPHQW
7KHUHFHQWUDWVWXGLHVGHPRQVWUDWHGWKDW%LR3URWHLQVXSSRUWVQRUPDOUHSURGXFWLYH
SHUIRUPDQFHDQGQRUPDOJURZWKDQGGHYHORSPHQWLQRIIVSULQJRUMXYHQLOHUDWVZKHUH
%LR3URWHLQZDVLQWURGXFHGLQWRWKHGLHWDWRUVRRQDIWHUZHDQLQJ,QFUHDVHGZHLJKWRI
PHVHQWHULFO\PSKQRGHVDFFRPSDQLHGE\ORZJUDGHPDFURSKDJHDFFXPXODWLRQLQVRPH
DQLPDOVLVEHOLHYHGWREHDUHVXOWRIDQLPPXQHUHVSRQVHWRDQXQIDPLOLDULQJUHGLHQW
7KHHIIHFWZDVVKRZQWREHUHYHUVLEOHDIWHUZLWKGUDZDORIWKH%LR3URWHLQGLHW
7KHODERUDWRU\UDWDSSHDUVWREHSDUWLFXODUO\VHQVLWLYHLQLWVLPPXQHUHVSRQVHVDQGPD\
QRWEHDQDSSURSULDWHPRGHOZKHQDVVHVVLQJWKHVXLWDELOLW\RI%LR3URWHLQIRUIDUP
DQLPDOV1RVXFKUHVSRQVHVZHUHVHHQLQWKHWDUJHWIDUPDQLPDOV

1.4 Proposal for inclusion.
,QWKLV'RVVLHU1RUIHUP$6SUHVHQWVIXUWKHUGRFXPHQWDWLRQVXSSRUWLQJWKHVDIHW\RIWKH
%LR3URWHLQSURGXFWSHQGLQJDSSOLFDWLRQDFFRUGLQJWR&RXQFLO'LUHFWLYH((&
FRQFHUQLQJFHUWDLQSURGXFWVXVHGLQDQLPDOQXWULWLRQ7KHSHQGLQJDSSOLFDWLRQIRU
H[WHQGHGDXWKRUL]DWLRQKDVWKHIROORZLQJSURSRVDOIRULQFOXVLRQ

%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU

SDJHRI


352326$/)25,1&/86,21,1727+($11(;(62)',5(&7,9(


1DPHRI
SURGXFW
JURXS



1DPHRI
SURGXFW


%DFWHULD
FXOWLYDWHG
RQQDWXUDO
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1&,0%VWUDLQ
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ILUPXV DQG'%
%DFLOOXVILUPXV
1&,0%VWUDLQ
%UHYLEDFLOOXVDJUL
 
3URWHLQSURGXFW
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QDWXUDOJDVREWDLQHGE\
FXOWXUHRI0HWK\
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%DWK '%



&XOWXUHVXEVWUDW
VSHFLILFDWLRQV
LIDQ\ 



&RPSRVLWLRQ
FKDUDFWHULVWLFV
RISURGXFW




$QLPDOVSHFLHV




6SHFLDOSURYLVLRQV


1DWXUDOJDV DSSUR[
PHWKDQH
HWKDQH
SURSDQH
LVREXWDQH
QEXWDQH
RWKHUFRPSR
QHQWV DPPRQLD
PLQHUDOVDOWV







&UXGHSURWHLQ
PLQ

3LJVIURPSLJOHWV
WRVODXJWKHU

'HFODUDWLRQVWREHPDGHRQWKHODEHORUWKH
SDFNDJLQJRIWKHSURGXFW

&DOYHVIURP
NJRQ

WKHQDPH

6DOPRQ
%URLOHUV
&DWV
'RJV



£
%LR3URWHLQ



FUXGHSURWHLQ
FUXGHDVK
FUXGHIDW
PRLVWXUHFRQWHQW
LQVWUXFWLRQVIRUXVH
PD[LPXPLQFRUSRUDWLRQUDWHLQWKHIHHG

FDWV

GRJV

SRXOWU\

SLJVIRUIDWWHQLQJ

FDOYHV

VDOPRQ IUHVKZDWHU 

VDOPRQ VHDZDWHU 

GHFODUDWLRQRIWKHZRUGV³DYRLG
LQKDODWLRQ´

%DFLOOXVEUHYLV
1&,0%VWUDLQ
$QHXULQLEDFLOOXV
VS 

'HFODUDWLRQVWREHPDGHRQWKHODEHORU
SDFNDJLQJRIWKHFRPSRXQGIHHGLQJVWXIIV
7KHQDPH³3URWHLQSURGXFWREWDLQHGE\
EDFWHULDOIHUPHQWDWLRQRIQDWXUDOJDV´
DPRXQWRIWKHSURGXFWFRQWDLQHGLQWKH
IHHGLQJVWXIIV

%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU



SDJHRI



,1752'8&7,21
%LR3URWHLQLVDQDQLPDOIHHGLQJUHGLHQWSURGXFHGIURPPHWKDQHE\FRQWLQXRXV
IHUPHQWDWLRQZLWKPHWKDQRWURSLFEDFWHULD7KHFRPPHUFLDOSURGXFWFRQVLVWVRIWKHKHDW
LQDFWLYDWHGGULHGIHUPHQWDWLRQELRPDVVFRQWDLQLQJLWVQDWLYHOHYHORIQXFOHLFDFLGV
%LR3URWHLQLVKDVEHHQDSSURYHGVLQFHIRUXVHLQWKHIHHGRIWKHIROORZLQJDQLPDO
W\SHV





8SWRLQWKHIHHGRISLJVIURPNJWRNJOLYHZHLJKW
8SWRLQIHHGIRUYHDOFDOYHVIURPNJOLYHZHLJKW
8SWRLQIHHGIRUVDOPRQUDLVHGLQIUHVKZDWHU
8SWRLQIHHGIRUVDOPRQUDLVHGLQVHDZDWHU

)ROORZLQJDUHTXHVWWRH[WHQGWKHXVHVRI%LR3URWHLQLQDQLPDOIHHGWKHVFLHQWLILF
&RPPLWWHHRQ$QLPDO1XWULWLRQ 6&$1 LVVXHGDIDYRXUDEOHRSLQLRQIRUDGGLWLRQDOXVHV
RI



8SWRLQWKHIHHGRISLJOHWVDQGIDWWHQLQJSLJVWRVODXJKWHUZHLJKW
8SWRIRUEURLOHUFKLFNHQV

/DWHURQDQDSSOLFDWLRQIRUH[WHQGHGDSSURYDORI%LR3URWHLQZDVVXEPLWWHGWRWKH
&RPPLVLRQDOVRWRLQFOXGHSHWVDWLQFOXVLRQOHYHOVRIIRUFDWVDQGIRUGRJV
7KHVHUHFRPPHQGDWLRQVZHUHQRWLPSOHPHQWHGGXHWRWKHUHVXOWRIDVWXG\LQUDWVXVLQJ
DVDPSOHRIQRQFRPPHUFLDOQXFOHLFDFLGUHGXFHGPDWHULDOSURGXFHGRQDVLQJOH
RFFDVLRQIRUUHVHDUFKSXUSRVHV7KLVKDVEHHQWKHVXEMHFWRIIXUWKHULQYHVWLJDWLRQVLQFH
WKDWWLPH
%LR3URWHLQLVEHLQJXVHGYHU\VXFFHVVIXOO\LQWKH6FDQGLQDYLDQVDOPRQIDUPLQJLQGXVWU\
ZLWKYHU\JRRGUHVXOWVLQWHUPVRIJURZWKDQGSURGXFWTXDOLW\7KHUHVWULFWHGZHLJKW
UDQJHIRUZKLFKWKHLQFOXVLRQRI%LR3URWHLQLQWKHIHHGLVSHUPLWWHGKDVOLPLWHGXVHIRU
SLJVDQGFXUUHQWHFRQRPLFVRIYHDOFDOISURGXFWLRQGRQRWIDYRXUWKHXVHRI%LR3URWHLQ
,QWKHOLJKWRIGHYHORSPHQWVRYHUUHFHQW\HDUVQRWDEO\FRQFHUQVRYHUWKHXVHRIERYLQH
RYLQHDQGFDSULQHSURWHLQLQJUHGLHQWVLVVXHVDVVRFLDWHGZLWKJHQHWLFDOO\PRGLILHGFURSV
DQGDVKRUWDJHRIILVKPHDO%LR3URWHLQRIIHUVDQDOWHUQDWLYHDQGPXFKQHHGHGVRXUFHRI
SURWHLQ)XUWKHUPRUHWKH%LR3URWHLQWHFKQRORJ\VHHPVUDWKHUDWWUDFWLYHIRUJDV
SURGXFLQJGHYHORSLQJFRXQWULHVZLWKOLPLWHGGRPHVWLFSURGXFWLRQRIIHHGSURWHLQV
7KHSXUSRVHRIWKLVVXEPLVVLRQLVWRSURYLGHWKH&RPPLVVLRQZLWKQHZLQIRUPDWLRQWR
VXSSRUWWKHSHQGLQJDSSOLFDWLRQIRUWKHH[WHQGHGVDIHXVHRI%LR3URWHLQLQWKHWDUJHW
VSHFLHVLHIDUPDQLPDOVSHWVDQGIDUPHGVDOPRQ$OVRQHZGDWDDUHSURYLGHGIURP
VWXGLHVLQWKHODERUDWRU\UDWDLPHGDWXQGHUVWDQGLQJWKHHIIHFWVILUVWVHHQLQWKHQXFOHLF
DFLGUHGXFHGPDWHULDO

%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU
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%$&.*5281'
)ROORZLQJWKHDSSURYDOLQIRU%LR3URWHLQWREHXVHGLQWKHIHHGRIWKHVSHFLILHG
IDUPDQLPDOVWRQQHVRI%LR3URWHLQKDYHEHHQFRQVXPHGLQIHHGLQJVWXIIVLQWZR
FRXQWULHV$QHZODUJHVFDOHSODQWFDSDEOHRISURGXFLQJWH\UKDVEHHQEXLOWDWD
FRVWRIPLOOLRQ(XURVDQGFDPHRQVWUHDPLQ
)URPVWXGLHVOHDGLQJWRWKHFRPPHUFLDODSSURYDOLQIURPVXEVHTXHQWVWXGLHVDQG
IURPPDUNHWIHHGEDFNWKHUHLVQRWKLQJWRVXJJHVWWKDW%LR3URWHLQKDVDQ\DGYHUVHHIIHFW
RQWKHKHDOWKZHOOEHLQJDQGSHUIRUPDQFHRIIDUPDQLPDOVDQGIDUPHGVDOPRQWKDW
FRQVXPHLW
7KHVDPSOHSURYLGHGWRWKH'DQLVK9HWHULQDU\DQG)RRG$GPLQLVWUDWLRQ '9)$ IRU
UHVHDUFKSXUSRVHVZDVXQOLNHFRPPHUFLDO%LR3URWHLQDVDPSOHRIIHUPHQWDWLRQELRPDVV
WKDWKDGEHHQIXUWKHUSURFHVVHGWRUHGXFHLWVQXFOHLFDFLG 51$DQG'1$ FRQWHQW
7KHSURFHVVIRUUHGXFLQJWKHQXFOHLFDFLGFRQWHQWZDVXQGHUWDNHQRQDODERUDWRU\VFDOH
DQGLQFOXGHGWKHIROORZLQJSURFHVVLQJVWHSV





7KHFHOOVZHUHVXEMHFWHGWRKHDWVKRFNDWGHJUHHV&LQRUGHUWRDFWLYDWH
HQGRJHQRXV51DVHV'1DVHVDVZHOODVIRULQDFWLYDWLRQRISURWHDVHV
,URQZDVDGGHGDWDFRQFHQWUDWLRQRI[WKHFRQWHQWRIFRPPHUFLDO%LR3URWHLQ
WRVWLPXODWH51DVH'1DVHDFWLYLW\
&HOOVZHUHLQFXEDWHGDWGHJUHHV&WRDOORZGHJUDGDWLRQRIQXFOHLFDFLGV
'HJUDGHGQXFOHLFDFLGVDQGRWKHUVROXEOHVZHUHUHPRYHGE\FHQWULIXJDWLRQ

7KHPDWHULDOXVHGIRUWKHVWXG\DWWKH'9)$ZDVEDVHGRQDPL[WXUHRIPDWHULDOWKDWKDG
DOUHDG\EHHQVSUD\GULHGSOXVDSURSRUWLRQRIIUHVKELRPDVVIURPWKHSLORWIHUPHQWHU
&KHPLFDODQDO\VLVLQFRPSDULVRQZLWKFRPPHUFLDOO\SURGXFHG%LR3URWHLQVKRZHGQR
XQH[SHFWHGFKDQJHVLQSUR[LPDWHDQDO\VLV7KHUHZHUHKRZHYHUVLJQLILFDQWLQFUHDVHVLQ
WKHOHYHOVRILURQ [ DQGFRSSHU [  'HWDLOHGUHVXOWVDUHSURYLGHGLQ$QQH[ 
,QWKHGD\VVWXG\FRQGXFWHGDWWKH'9)$WKHDQLPDOVJUHZZHOODQGVKRZHGQR
DGYHUVHFOLQLFDOVLJQV7KHUHZHUHKRZHYHULQFUHDVHVLQWKHVL]H ZHLJKW RIPHVHQWHULF
O\PSKQRGHVFKDQJHVLQZKLWHEORRGFHOOVDQGKLVWRORJLFDOFKDQJHVLQWKHO\PSKQRGHV
DQGVRPHRWKHURUJDQV 0¡ONHWDO$FRS\LVSURYLGHGDV$QQH[ 
$VHSDUDWHVWXG\LQPLFH &KULVWHQVHQHWDO$FRS\LVSURYLGHGDV$QQH[ 
LQYHVWLJDWHGLPPXQHUHVSRQVHVWRWKHQXFOHLFDFLGUHGXFHGPDWHULDODQGWR%LR3URWHLQ
%RWKVDPSOHVJDYHVLPLODUDQWLERG\UHVSRQVHVEXWWKHDXWKRUVVXJJHVWHGWKDWSDUWLFOH
VL]HFRXOGLQIOXHQFHWKHLPPXQHUHVSRQVH
&RPSDUDWLYHDQDO\VLVRIQXFOHLFDFLGUHGXFHGPDWHULDODQGFRPPHUFLDO%LR3URWHLQ
IROORZLQJLQYLWURGLJHVWLRQE\VWRPDFKSURWHDVHVKDYHVKRZQWKDWWKHSDUWLFOHVL]HRI
FRPPHUFLDO%LR3URWHLQLVODUJHUWKDQWKHH[SHULPHQWDOPDWHULDO $QQH[ ,QWKHVDPH
VWXG\LWZDVIRXQGWKDW%UHZHUV<HDVWKDGDSDUWLFOHVL]HVLPLODUWRWKHQXFOHLFDFLG
UHGXFHGPDWHULDO
7KHUHVXOWVREWDLQHGLQWKH51$UHGXFHGVDPSOHSURPSWHGLQYHVWLJDWLRQVLQWKHUDWWR
LGHQWLI\ZKHWKHUVLPLODULPPXQRORJLFDOUHVSRQVHVZHUHWREHVHHQZLWK%LR3URWHLQLWVHOI
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7KHVHVWXGLHVLQFOXGHGZHHNDQGZHHNUDWVWXGLHVDQZHHNUDWVWXG\RQ%UHZHU¶V
<HDVWDVLQJOHJHQHUDWLRQVWXG\LQWKHUDWDPRQWKVWXG\LQEOXHIR[HVDPRQWK
VWXG\LQSLJV WRNJ DQZHHNWROHUDQFHVWXG\LQFDWV7KHVHVWXGLHVZHUH
UHSRUWHGWRWKH&RPPLVVLRQLQHDUOLHUVXEPLVVLRQV
%UHZHU¶V<HDVWZDVLQFOXGHGDVDUHIHUHQFHSRLQWIRUSURWHLQVRXUFHVFRPPRQLQIDUP
DQLPDOQXWULWLRQEXWZKLFKQRUPDOO\WKHODERUDWRU\UDWZRXOGQRWFRQVXPH
,QDOOWKHVHVWXGLHV%LR3URWHLQVXSSRUWHGQRUPDOJURZWKDQGGHYHORSPHQWZLWKQR
DGYHUVHHIIHFWVRQUHSURGXFWLRQLQWKHUDW
7KHSLJVWXG\LQFOXGHGSDWKRORJ\DVVHVVPHQWDQGQRDGYHUVHHIIHFWVZHUHVHHQ
,QWKHUDWVWXGLHVWKHZHLJKWVRIPHVHQWHULFO\PSKQRGHVZHUHRIWHQLQFUHDVHGEXWWRD
OHVVHUGHJUHHWKDQE\WKHQXFOHLFDFLGUHGXFHGH[SHULPHQWDOVDPSOH7KHH[FHSWLRQWR
WKLVZDVWKHIHPDOHRIIVSULQJUHWDLQHGWRZHHNVRIDJHLQWKHVLQJOHJHQHUDWLRQVWXG\
ZKHUHQRLQFUHDVHRFFXUUHG&DWVDQGEOXHIR[HVVKRZHGVOLJKWLQFUHDVHVLQO\PSKQRGH
ZHLJKWVDWWKHKLJKHVWLQFOXVLRQOHYHOV DQG 
$QLQGHSHQGHQWUHYLHZ SUHYLRXVO\VXEPLWWHG RIWKHSDWKRORJ\IURPDOOWKHVHVWXGLHV
FRQFOXGHGWKDWKLVWRORJLFDOFKDQJHVVXFKDVPDFURSKDJHDFFXPXODWLRQLQWKHO\PSK
QRGHVZHUHDWDORZOHYHOFRPSDUHGWRWKHFKDQJHVVHHQLQWKH'9)$VWXG\ZLWK
QXFOHLFDFLGUHGXFHGPDWHULDO+RZHYHU%UHZHU¶V<HDVWSURGXFHGO\PSKQRGH
HQODUJHPHQWDQGKLVWRORJ\FRPSDUDEOHWRWKDWRIWKHQXFOHLFDFLGUHGXFHGPDWHULDO
,QRUGHUWRIXUWKHUVXSSRUWWKHVDIHFRPPHUFLDOXVHRI%LR3URWHLQQHZLQYHVWLJDWLRQV
KDYHEHHQXQGHUWDNHQLQSLJVEURLOHUFKLFNHQVDQGIDUPHGVDOPRQ7KHVHKDYHLQFOXGHG
EORRGDQDO\VLVDQGH[DPLQDWLRQRIWLVVXHVLQYROYHGLQWKHLPPXQHV\VWHP7KHUHVXOWVRI
WKHVHDUHJLYHQLQ6HFWLRQDQGDUHSUHVHQWHGWRVXSSRUWWKHH[WHQVLRQRIWKHXVHRI
%LR3URWHLQLQIDUPDQLPDOVDVSURSRVHGSUHYLRXVO\
$WWKHVDPHWLPHWZRQHZVWXGLHVKDYHEHHQFRPSOHWHGZLWKWKHDLPRIJDLQLQJIXUWKHU
XQGHUVWDQGLQJRIWKHLPPXQRORJLFDOUHVSRQVHLQWKHUDW7KHUHVXOWVDUHJLYHQLQ6HFWLRQ


%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU

SDJHRI




1(:678',(6

4.1 Studies in farm animals

4.1.1Introduction

$GGLWLRQDOVWXGLHVGRFXPHQWLQJWKHHIILFDF\DQGVDIHW\RI%LR3URWHLQIRUWKHWDUJHW
VSHFLHVZHDQHGSLJOHWVSLJVIRUIDWWHQLQJEURLOHUFKLFNHQVDQG$WODQWLFVDOPRQKDYH
EHHQFRPSOHWHG

 6WXG\ %LR3URWHLQLQGLHWVIRUSLJOHWV
 6WXG\ (IIHFWRI%LR3URWHLQRQJURZWKSHUIRUPDQFHRIIDWWHQLQJSLJV
 6WXG\ )LHOGWULDOZLWKLQ1RUZD\LQFRRSHUDWLRQZLWK)HOOHVNMRSHW){UXWYLNOLQJ
%LR3URWHLQDVDIHHGLQJUHGLHQWIRUIDWWHQLQJSLJV
 6WXG\ %URLOHUFKLFNHQWULDOZLWK%LR3URWHLQ
 6WXG\ %LR3URWHLQDVDSURWHLQVRXUFHLQGLHWVIRU$WODQWLFVDOPRQ 6DOPRVDODU 


4.1.2Efficacy trials with BioProtein on target species

7KHWDUJHWDQLPDOFDWHJRULHVDUHZHDQHGSLJOHWVSLJVIRUIDWWHQLQJEURLOHUFKLFNHQVDQG
$WODQWLFVDOPRQ7KHUHFRPPHQGHGLQFOXVLRQUDWHLVIRUZHDQHGSLJOHWVIRUSLJV
IRUIDWWHQLQJIRUEURLOHUFKLFNHQVDQGIRU$WODQWLFVDOPRQLQVHDZDWHU

,QGLYLGXDOHIILFDF\VWXGLHVDUHSUHVHQWHGLQVHFWLRQ7DEOHVXPPDULHV
H[SHULPHQWDOVWXGLHVFRQFHUQLQJWKHHIILFDF\RI%LR3URWHLQLQWDUJHWVSHFLHV 

7DEOH2YHUDOOUHVXOWVIURPHIILFDF\VWXGLHVZLWK%LR3URWHLQRQWDUJHWVSHFLHV
ZHDQHGSLJOHWSLJVIRUIDWWHQLQJEURLOHUFKLFNHQVDQG$WODQWLFVDOPRQ

6WXG\


6SHFLHV

6WXG\
6WXG\

3LJOHWV
3LJVIRU
IDWWHQLQJ
)LHOGWULDOZLWK
3LJVIRU
IDWWHQLQJ
%URLOHU
FKLFNHQV
$WODQWLF
VDOPRQ
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6WXG\
6WXG\





1XPEHURI
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6LJQLILFDQWLPSURYHPHQWFRPSDUHGZLWKFRQWURO 3 



7KHVWXGLHVZLWK%LR3URWHLQLQGLHWVIRUWDUJHWVSHFLHVRQJURZWKSHUIRUPDQFHFDQEH
VXPPDUL]HGDVIROORZV
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Commented [A1]: 6KRXOGRWKHUHIILFDF\UHVXOWVEH
LQFOXGHGWRR"

 6WXG\ 'HPRQVWUDWHVDQLPSURYHPHQWLQZHLJKWJDLQRIZHDQHGSLJOHWVRI
%LR3URWHLQDWWKHLQFOXVLRQUDWHRIJSHUNJGLHW 3 
 6WXG\ 'HPRQVWUDWHVQRVLJQLILFDQWFKDQJHVLQIHHGLQWDNHJURZWKUDWHRUIHHG
HIILFLHQF\RIIDWWHQLQJSLJVIHGGLHWVZLWKJSHUNJ%LR3URWHLQ
 6WXG\ 6KRZHGLPSURYHPHQWLQZHLJKWJDLQDQGQRFKDQJHVLQIHHGLQWDNHRI
IDWWHQLQJSLJVIHGGLHWVZLWKJSHUNJ%LR3URWHLQDVMXGJHVVXEMHFWLYHO\
E\WKHSLJSURGXFHU
 6WXG\ 'HPRQVWUDWHVWKDWJSHUNJGLHWRI%LR3URWHLQVLJQLILFDQWO\LPSURYHG
ZHLJKWJDLQDQGIHHGHIILFLHQF\RIEURLOHUFKLFNHQV 3 
 6WXG\ 'HPRQVWUDWHGDQLPSURYHPHQWLQZHLJKWJDLQDQGIHHGHIILFLHQF\RI
$WODQWLFVDOPRQIHG%LR3URWHLQDWDQGJSHUNJRIGLHW 3 
7DEOH2YHUDOOUHVXOWVRQKHDOWKREVHUYDWLRQVIURPHIILFDF\VWXGLHVZLWK%LR3URWHLQ
RQWDUJHWVSHFLHVZHDQHGSLJOHWSLJVIRUIDWWHQLQJEURLOHUFKLFNHQVDQG$WODQWLF
VDOPRQ
6WXG\

6SHFLHV

0DLQ
SDUDPHWHUV
*URZWK
&OLQLFDOKHDOWK
$XWRSV\
3DWKRORJ\

+HDOWKREVHUYDWLRQV

6WXG\

:HDQHG
SLJOHWV

6WXG\

3LJVIRU
IDWWHQLQJ

*URZWK
&OLQLFDOKHDOWK
$XWRSV\
3DWKRORJ\

1RFKDQJHVLQZHLJKWJDLQ
1RFKDQJHVLQIHHGLQWDNH
1RQHJDWLYHHIIHFWRQFOLQLFDOKHDOWK
1RHIIHFWVVHHQ

6WXG\

)LHOGWULDO
SLJVIRU
IDWWHQLQJ

*URZWK
&OLQLFDOKHDOWK
6XEMHFWLYH
REVHUYDWLRQE\
SURGXFHU

,PSURYHGZHLJKWJDLQ
1RFKDQJHVLQIHHGLQWDNH
7HQGHQF\WRLQFUHDVHGGLDUUKRHDGXULQJHDUO\
VWDJHVRIIDWWHQLQJSHULRGLQRXWRIIDUPV

6WXG\

%URLOHU
FKLFNHQV

*URZWK
/LWWHUTXDOLW\
&OLQLFDOKHDOWK
$XWRSV\
3DWKRORJ\

,PSURYHGZHLJKWJDLQ
,PSURYHGIHHGLQWDNH
1RDGYHUVHHIIHFWRQOLWWHUTXDOLW\
1RQHJDWLYHHIIHFWRQFOLQLFDOKHDOWK
1RHIIHFWVVHHQ

6WXG\

$WODQWLF
VDOPRQ

*URZWK
&OLQLFDOKHDOWK

,PSURYHGZHLJKWJDLQ
,PSURYHGIHHGLQWDNH
1RQHJDWLYHHIIHFWRQFOLQLFDOKHDOWK

,PSURYHGZHLJKWJDLQ
1RFKDQJHVLQIHHGLQWDNH
1RQHJDWLYHHIIHFWRQFOLQLFDOKHDOWK
1RHIIHFWVVHHQ

$GGLQJ%LR3URWHLQWRGLHWVIRUWDUJHWVSHFLHVGHPRQVWUDWHGQRDGYHUVHHIIHFWRQZHLJKW
JDLQRUIHHGLQWDNHRUFOLQLFDOKHDOWKRIWKHDQLPDOV,QWKHILHOGWULDOWKHVOLJKWLQFUHDVH
LQWKHLQFLGHQFHRIGLDUUKRHDZDVFRQFOXGHGQRWWREHUHODWHGWR%LR3URWHLQ1RDGYHUVH
HIIHFWRQOLWWHUTXDOLW\RIEURLOHUFKLFNHQVZDVREVHUYHG
%DVHGRQFOLQLFDOREVHUYDWLRQDQGDEVHQFHRIDGYHUVHSDWKRORJ\LWLVFRQFOXGHGWKDWWKH
XVHRI%LR3URWHLQDVDSURWHLQVRXUFHIRUWKHWDUJHWVSHFLHVZHDQHGSLJOHWVSLJVIRU
IDWWHQLQJEURLOHUFKLFNHQVDQG$WODQWLFVDOPRQDWOHYHOVUDQJLQJIURPWRJSHUNJ

%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU

SDJHRI

Commented [A2]: 6KRXOGRWKHUHIILFDF\UHVXOWVEH
LQFOXGHGWRR"

LQGLHWVIRUSLJVJSHUNJLQGLHWVIRUEURLOHUFKLFNHQVDQGWRJSHUNJRIGLHW
IRUIDUPHGILVKLVVDIHIRUWKHWDUJHWDQLPDOV
4.1.3BioProtein in diets for piglets (Annex 4)
0DWHULDOVDQG0HWKRGV
$WULDOZDVFRQGXFWHGDW7RPE-RUGEUXNVVNROHLQ1RUZD\WRLQYHVWLJDWHWKHHIIHFWRI
%LR3URWHLQRQJURZWKSHUIRUPDQFHRISLJOHWV)URP$WRWDORISLJOHWV NJLQLWLDO
ZHLJKW SLJVZHUHDVVLJQHGWRHDFKRIWZRWUHDWPHQWVRQWKHEDVLVRILQLWLDOZHLJKW
DQGVH[7KHGLHWDU\WUHDWPHQWVFRQVLVWHGRIDFRQYHQWLRQDOILVKPHDOEDVHGFRQWUROGLHW
DQGRQHWHVWGLHWFRQWDLQLQJJNJ%LR3URWHLQ3LJVKDGIUHHDFFHVVWRIHHGDQGZDWHU
7KHSLJOHWVZHUHREVHUYHGGDLO\IRUDQ\FOLQLFDOVLJQRIWR[LFLW\LOOKHDOWKRURWKHU
DEQRUPDOLWLHV)HHGFRQVXPSWLRQDQGZHLJKWJDLQZDVPHDVXUHGWKURXJKRXWWKHWULDO
$WWKHWHUPLQDWLRQRIWKHWULDODJURVVDQGKLVWRSDWKRORJLFDOH[DPLQDWLRQZDVSHUIRUPHG
DWWKHSDWKRORJ\ODERUDWRU\DWWKH1RUZHJLDQ6FKRRORI9HWHULQDU\6FLHQFH2VOR
1RUZD\RQVL[SLJOHWVSHUWUHDWPHQW7LVVXHVDPSOHVZHUHWDNHQIURPOLYHUNLGQH\
VSOHHQWK\PXVDQGLOHXP
5HVXOWVDQGGLVFXVVLRQ
+HDOWK
$OODQLPDOVZHUHLQQRUPDOKHDOWKSULRUWRWKHVWXG\2QHSLJGLHGRQWKHFRQWUROGLHW
DQGRQHSLJRQWKH%LR3URWHLQGLHWZDVRPLWWHGIURPWKHWULDOGXHWRDYHU\SRRUJURZWK
UDWH1RLQFLGHQFHRIGLDUUKRHDZDVREVHUYHG2YHUDOOWKHSLJOHWVZHUHNHSWXQGHU
KLJKO\K\JLHQLFFRQGLWLRQVDQGQRFOLQLFDOKHDOWKSUREOHPVUHODWHGWRDQ\VSHFLILFGLHWDU\
WUHDWPHQWKDYHEHHQHQFRXQWHUHGGXULQJWKHH[SHULPHQWDOSHULRG2IIHULQJGLHWVDG
OLELWXPWRSLJOHWVWKURXJKRXWWKLVH[SHULPHQWUHIOHFWVRQWKHLUUHODWLYHO\IDVWGDLO\JURZWK
UDWHVRIJRQDYHUDJHDWWKHLUIHHGFRQYHUVLRQUDWLR )&5 RIRQDYHUDJH
7KHVHJURZWKSHUIRUPDQFHFKDUDFWHULVWLFVVKRXOGEHUHJDUGHGDVYHU\VDWLVIDFWRU\$OVR
WKLVLPSOLHVWKDWWKHXVHRI%LR3URWHLQDVDSURWHLQVRXUFHIRUZHDQHGSLJOHWVKDGQR
GHWULPHQWDOHIIHFWRQWKHLUFOLQLFDOKHDOWK
*URZWKSHUIRUPDQFH
7KHHIIHFWVRI%LR3URWHLQRQERG\ZHLJKWFKDQJHVJURZWKUDWHVIHHGLQWDNHDQG)&5
DUHSUHVHQWHGLQ7DEOH
'XULQJZHHNWKHZHLJKWJDLQZDVVLPLODUEHWZHHQWKHFRQWURODQGWKH%LR3URWHLQGLHW
'XULQJZHHNDQGWKHZHLJKWJDLQZDVQXPHULFDOO\KLJKHUIRUWKHSLJVUHFHLYLQJ
%LR3URWHLQ2YHUDOOWKHZHLJKWJDLQRISLJOHWVUHFHLYLQJWKH%LR3URWHLQGLHWLQFUHDVHGE\
JSHUGD\FRPSDUHGZLWKWKHFRQWUROSLJV7KLVUHVXOWHGLQDVLJQLILFDQWLQFUHDVHLQ
WRWDOZHLJKWJDLQE\ NJ FRPSDUHGZLWKWKHFRQWUROGXULQJWKHRYHUDOO
SHULRG7KHUHZHUHQRVLJQLILFDQWGLIIHUHQFHVLQIHHGLQWDNHEHWZHHQSLJOHWVUHFHLYLQJWKH
FRQWURODQGWKH%LR3URWHLQGLHW)HHGLQWDNHRISLJOHWVUHFHLYLQJWKH%LR3URWHLQGLHWZDV
KRZHYHUKLJKHUWKDQWKHFRQWUROSLJOHWV7KH)&5GXULQJZHHNZHHNDQG
ZHHNZDVORZHUIRUWKHGLHWDU\WUHDWPHQWFRQWDLQLQJ%LR3URWHLQ2YHUDOOWKH
LPSURYHPHQWLQ)&5ZLWK%LR3URWHLQZDV
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7DEOH(IIHFWRI%LR3URWHLQRQJURZWKSHUIRUPDQFHRISLJV
'LHWV
1XPEHURISLJV
,QLWLDOZHLJKWNJ
)LQDOZHLJKWNJ

&RQWURO




%LR3URWHLQ
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$YHUDJHGDLO\IHHGLQWDNHJGD\G
$YHUDJHGDLO\IHHGLQWDNHJGD\G
$YHUDJHGDLO\IHHGLQWDNHJGD\G
7RWDOIHHGLQWDNHNJ











)HHGFRQYHUVLRQUDWLRG
)HHGFRQYHUVLRQUDWLRG
)HHGFRQYHUVLRQUDWLRG









$YHUDJHGDLO\JDLQJGD\G
$YHUDJHGDLO\JDLQJGD\G
$YHUDJHGDLO\JDLQJGD\G
$YHUDJHGDLO\JDLQJGD\G
7RWDOZHLJKWJDLQNJ

7KHVHUHVXOWVVXJJHVWWKDWDGGLQJXSWRJNJ%LR3URWHLQWRGLHWVIRUZHDQHGSLJOHWV
KDGDSRVLWLYHHIIHFWRQJURZWKSHUIRUPDQFH7KHLQFUHDVHLQZHLJKWJDLQZDVDUHVXOWRI
ERWKLQFUHDVHGIHHGLQWDNHDVZHOODVDQLPSURYHGIHHGHIILFLHQF\RIGLHWVFRQWDLQLQJWKH
%LR3URWHLQ7KHVHUHVXOWVGHPRQVWUDWHWKDW%LR3URWHLQLVDVXLWDEOHSURWHLQVRXUFHLQ
GLHWVIRUZHDQHGSLJOHWV
3DWKRORJ\
7KHUHVXOWVIURPJURVVDQGKLVWRSDWKRORJLFDOH[DPLQDWLRQVKRZHGWKDWWKHUHZHUHQR
VLJQLILFDQWGLIIHUHQFHVEHWZHHQWKHFRQWURODQGWKH%LR3URWHLQJURXSIRUDQ\RIWKH
RUJDQVH[DPLQHG $QQH[ 
&RQFOXVLRQV
7KHUHVXOWVVKRZHGWKDWUHSODFLQJILVKPHDOZLWKJNJ %LR3URWHLQVLJQLILFDQWO\
LPSURYHGZHLJKWJDLQDQGQXPHULFDOO\LPSURYHGIHHGHIILFLHQF\DQGIHHGLQWDNHRI
ZHDQHGSLJOHWV
$GGLWLRQRIJNJ%LR3URWHLQLQWKHGLHWJDYHDWOHDVWDVJRRGJURZWKSHUIRUPDQFHDV
WKHFRQWUROGLHW7KLVWRJHWKHUZLWKWKHFOLQLFDOKHDOWKREVHUYDWLRQVDQGSDWKRORJ\
ILQGLQJVLQGLFDWHWKHUHLVQRDGYHUVHHIIHFWRQWKHKHDOWKRIZHDQHGSLJOHWVDGPLQLVWHUHG
%LR3URWHLQDWJNJLQWKHGLHW
4.1.4Effect of BioProtein on growth performance of fattening pigs (Annex 6)
0DWHULDOVDQGPHWKRGV
$JURZWKSHUIRUPDQFHVWXG\ZDVFDUULHGRXWWRLQYHVWLJDWHWKHHIIHFWVRI%LR3URWHLQRQ
JURZWKSHUIRUPDQFHRIIDWWHQLQJSLJV7KHVWXG\ZDVFDUULHGRXWDWWKH1RUZHJLDQ

%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU

SDJHRI

FRRSHUDWLYHH[SHULPHQWDOVWDWLRQ5RJDODQG1RUZD\LQWKHSHULRGIURP2FWREHU
XQWLO'HFHPEHU7KHREMHFWLYHVZHUHWRHYDOXDWH WKHHIIHFWRIDGGLQJJNJ
%LR3URWHLQDVDSURWHLQIHHGVWXIIWRIDWWHQLQJSLJGLHWVRQJURZWKSHUIRUPDQFHDQG
FDUFDVVWUDLWVDQG IDWW\DFLGFRPSRVLWLRQRIIDWDQGPHDWRIIDWWHQLQJSLJV
7KHVWXG\ZDVFDUULHGRXWZLWKIDWWHQLQJSLJV NJDQGNJLQLWLDODQGILQDO
ZHLJKW IURPOLWWHUV3LJVZHUHREWDLQHGIURPDFRPPHUFLDOIDUP7KHH[SHULPHQWDO
SHULRGODVWHGGXULQJWKHJURZLQJSHULRGDQGWKHIDWWHQLQJSHULRGXQWLOSLJVUHFHLYHG
FRPPHUFLDOVODXJKWHUZHLJKWV3LJVZHUHDOORWWHGRQWKHEDVLVRILQLWLDOZHLJKWVH[DQG
OLWWHUWRHDFKRIWZRGLHWDU\WUHDWPHQWVZLWKIRXUUHSOLFDWHSHQVDQGSLJVSHU
WUHDWPHQW7KHWUHDWPHQWVFRQVLVWHGRIDVR\EHDQDQGFDQRODPHDOEDVHGFRQWUROGLHWDQG
RQHWHVWGLHWVFRQWDLQLQJJNJ%LR3URWHLQ)HHGDQGZDWHUZDVSURYLGHGDGOLELWXP
:HLJKWJDLQDQGIHHGFRQVXPSWLRQZDVPHDVXUHGDQGKHDOWKVWDWXVRIWKHDQLPDOVZDV
FRQWLQXDOO\DVVHVVHG$OOSLJVZHUHVODXJKWHUHGDWWKHVDPHGD\DWDFRPPHUFLDO
VODXJKWHUKRXVH6DPSOHVIURPVXEFXWDQHRXVIDWRIWKHORQJLVVPXVGRUVLPXVFOHZHUH
WDNHQIURPHDFKFDUFDVVDIWHURQHGD\DIWHUVODXJKWHUIRUGHWHUPLQDWLRQRIIDWW\DFLG
FRPSRVLWLRQDQGLRGLQHYDOXH$WWKHWHUPLQDWLRQRIWKHWULDODJURVVDQG
KLVWRSDWKRORJLFDOH[DPLQDWLRQZDVSHUIRUPHGDWWKHSDWKRORJ\ODERUDWRU\DWWKH
1RUZHJLDQ6FKRRORI9HWHULQDU\6FLHQFH2VOR1RUZD\RQSLJVSHUWUHDWPHQW
7LVVXHVDPSOHVZHUHWDNHQIURPOLYHUNLGQH\VSOHHQWK\PXVLOHXPDQGO\PSKQRGHV
LQWKHGLVWDOMHMXQXP%ORRGVDPSOHVZHUHWDNHQWRGHWHUPLQHWKHHIIHFWRI%LR3URWHLQRQ
OLYHUDQGNLGQH\IXQFWLRQDWWKHEHJLQQLQJRIWKHWULDOLQWKHPLGGOHDQGWKHGD\EHIRUH
WKHDXWRSV\
5HVXOWVDQGGLVFXVVLRQ
+HDOWK
$OODQLPDOVZHUHLQQRUPDOKHDOWKSULRUWRWKHVWXG\2QHSLJGLHGRQWKH%LR3URWHLQ
GLHW$FXWHKHDUWIDLOXUHPRGHUDWHFRQVWLSDWLRQLQWKHFRORQDQGP\FRSODVPDSQHXPRQLD
ZDVUHYHDOHGDWQHFURSV\1RLQFLGHQFHRIGLDUUKRHDZDVREVHUYHG1RFOLQLFDOKHDOWK
SUREOHPVUHODWHGWRDQ\VSHFLILFGLHWDU\WUHDWPHQWKDYHEHHQHQFRXQWHUHGGXULQJWKH
H[SHULPHQWDOSHULRG7KHPHDQERG\ZHLJKWDWWKHHQGRIWKHWULDORINJDQGPHDQ
ERG\ZHLJKWJDLQRIJSHUGD\LQDYHUDJHIRUIDWWHQLQJSLJVLQERWKWUHDWPHQW
JURXSVFDQEHVHHQWRLQFUHDVHDWDQDFFHSWDEOHOHYHOIRUWKHGXUDWLRQRIWKHVWXG\7KHUH
LVQRGLVFHUQLEOHHIIHFWRIWUHDWPHQWRQERG\ZHLJKWGDWD7KLVLQGLFDWHVWKDWWKHXVHRI
%LR3URWHLQDVDSURWHLQVRXUFHIRUIDWWHQLQJSLJVKDGQRGHWULPHQWDOHIIHFWRQWKHLU
FOLQLFDOKHDOWK
*URZWKSHUIRUPDQFHDQGFDUFDVVWUDLWV
7KHUHZHUHQRVLJQLILFDQWGLIIHUHQFHVLQGDLO\ZHLJKWJDLQIHHGLQWDNHRU)&5EHWZHHQ
WKHSLJVIHGWKHFRQWUROGLHWVDQGWKRVHIHGWKHGLHWFRQWDLQLQJJNJ%LR3URWHLQ 7DEOH
 7KHODFNRIUHVSRQVHRI%LR3URWHLQRQJURZWKSHUIRUPDQFHZDVSUREDEO\DUHVXOW
RIWKHVLPLODUFRQWHQWRIHVVHQWLDODPLQRDFLGVEHWZHHQWKHWZRGLHWV

%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU

SDJHRI


7DEOH(IIHFWRI%LR3URWHLQRQJURZWKSHUIRUPDQFH

'LHWV
&RQWURO
%LR3URWHLQ
3YDOXHV
1XPEHURISLJV



,QLWLDOZHLJKWNJ



)LQDOZHLJKWNJ



'D\VWRPDUNHW



'DLO\ZHLJKWJDLQJ


16
)HHGFRQYHUVLRQUDWLRNJNJ


16
)HHGLQWDNHNJ



6ODXJKWHUZHLJKW



'UHVVLQJSHUFHQWDJH



&DUFDVVOHDQSHUFHQWDJH


16


7KHUHZHUHQRVLJQLILFDQWGLIIHUHQFHVEHWZHHQWUHDWPHQWVIRUFDUFDVVOHDQSHUFHQWDJH
EXWWKHFRQWUROSLJVKDGVOLJKWO\KLJKHUFDUFDVVOHDQSHUFHQWDJHWKDQWKH%LR3URWHLQSLJV
7KHUHZDVDWHQGHQF\ 3 WRZDUGVDORZHUGUHVVLQJSHUFHQWDJHIRUWKHSLJV
UHFHLYLQJWKH%LR3URWHLQGLHW

)DWW\DFLGFRPSRVLWLRQRIIDW
7KHUHVXOWVIURPWKHIDWW\DFLGDQDO\VHVRIFDUFDVVIDWVKRZHGWKDWWKHLRGLQHYDOXHZDV
QXPHULFDOO\ORZHULQWKHFDUFDVVIDWRIWKHSLJVIHGWKHGLHWFRQWDLQLQJ%LR3URWHLQ
FRPSDUHGZLWKWKHFRQWUROSLJV YV  7DEOH $ORZLRGLQHYDOXH
LQGLFDWHVDORZHUFRQWHQWRIXQVDWXUDWHGIDWW\DFLG$OVRWKHFRQWHQWRIXQVDWXUDWHGIDWW\
DFLGVLQWKHFDUFDVVIDWZDVQXPHULFDOO\ORZHUIRUWKHFRQWUROSLJVFRPSDUHGZLWKWKRVH
IHG%LR3URWHLQ YV 7KHUHGXFWLRQLQLRGLQHYDOXHDQGGHFUHDVHLQFRQWHQW
RIXQVDWXUDWHGIDWW\DFLGVLQWKHFDUFDVVIDWZLWK%LR3URWHLQZDVSUREDEO\DUHVXOWRIWKH
LQFUHDVHLQVDWXUDWHGIDWW\DFLGLQWKHGLHWE\H[FKDQJLQJVR\EHDQPHDOE\%LR3URWHLQ
5HGXFHGFRQWHQWRIXQVDWXUDWHGIDWW\DFLGVDQGLRGLQHYDOXHRIFDUFDVVIDWLQGLFDWHWKDW
%LR3URWHLQKDVDSRVLWLYHHIIHFWRQSURGXFWTXDOLW\

7DEOH(IIHFWRI%LR3URWHLQRQIDWW\DFLGFRPSRVLWLRQRIFDUFDVVIDW

'LHWV
&RQWURO
%LR3URWHLQ
3YDOXH
,RGLQHYDOXHLQIDW


16
6DWXUDWHGIDWW\DFLGV



0RQRXQVDWXUDWHGIDWW\DFLGV 


3RO\XQVDWXUDWHGIDWW\DFLGV 


6XP&&




3DWKRORJ\
7KHUHVXOWVIURPJURVVDQGKLVWRSDWKRORJLFDOH[DPLQDWLRQVKRZHGWKDWWKHUHZHUHQR
VLJQLILFDQWGLIIHUHQFHVEHWZHHQWKHFRQWURODQGWKH%LR3URWHLQJURXSIRUDQ\RIWKH
RUJDQVH[DPLQHG $QQH[ $QDO\VLVRIEORRGVDPSOHVVKRZHGWKDWWKHUHZHUHQR
VLJQLILFDQWGLIIHUHQFHVEHWZHHQWKHFRQWUROSLJVDQGWKRVHUHFHLYLQJ%LR3URWHLQIRU
DVSDUWDWHDPLQRWUDQVIHUDVHJDPPDJOXWDP\OWUDQVIHUDVHRUDONDOLQHSKRVSKDWDVHEORRG
XUHDRUFUHDWLQLQH 7DEOH 7KHOHYHORIJOXWDPDWHGHK\GURJHQDVHZDVVLJQLILFDQWO\
ORZHUIRUSLJVUHFHLYLQJ%LR3URWHLQLQWKHWHUPLQDOVDPSOHV7KHGLIIHUHQFHVZHUHVPDOO

%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU



SDJHRI


DQGDUHQRWEHOLHYHGWREHRIFOLQLFDOUHOHYDQFH7KHUHVXOWVVXJJHVWWKDWWKHUHZDVQR
DGYHUVHHIIHFWRI%LR3URWHLQRQOLYHUDQGNLGQH\IXQFWLRQ

7DEOH(IIHFWRI%LR3URWHLQRQEORRGHQ]\PHVRIZHDQHGSLJV

'LHWV
&RQWURO r6'  %LR3URWHLQ r6'  3YDOXH
$VSDUWDWH
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&RQFOXVLRQV

7KHUHVXOWVIURPWKLVWULDOVKRZVWKDWWKHXVHRIJNJ%LR3URWHLQLQGLHWVIRUIDWWHQLQJ
SLJVKDYHQRDGYHUVHHIIHFWRQJURZWKSHUIRUPDQFHRUFDUFDVVTXDOLW\

$GGLQJ%LR3URWHLQWRGLHWVIRUIDWWHQLQJSLJVDSSHDUHGWRGHFUHDVHWKHLRGLQHYDOXHDQG
OHYHORIXQVDWXUDWHGIDWW\DFLGVLQFDUFDVVIDW

7KHUHZDVQRDGYHUVHHIIHFWRI%LR3URWHLQRQOLYHUDQGNLGQH\IXQFWLRQ


%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU



SDJHRI

7KHZHLJKWJDLQIHHGLQWDNHDQLPDOREVHUYDWLRQVDQGQHFURSV\ILQGLQJVDOOLQGLFDWH
WKHUHLVQRQHJDWLYHHIIHFWRQWKHKHDOWKRIIDWWHQLQJSLJVDGPLQLVWHUHG%LR3URWHLQDW
JNJLQWKHGLHW
Field trial within Norway in co-operation with Felleskjøpet Fôrutvikling.
BioProtein as a feed ingredient for fatting pigs (Annex 8)
0DWHULDOVDQGPHWKRGV
$ILHOGWULDOZDVFDUULHGRXWWRVWXG\WKHHIIHFWRI%LR3URWHLQXQGHUSUDFWLFDOIDUP
FRQGLWLRQV$WRWDORIFRPPHUFLDOIDUPVDQGDSSUR[LPDWHO\IDWWHQLQJSLJVZHUH
LQFOXGHGLQWKHWULDO7KHWHVWSHULRGODVWHGIURP1RYHPEHUXQWLO)HEUXDU\
7KHWHVWGLHWFRQWDLQHGJNJ%LR3URWHLQDQGZDVLGHQWLFDOWRWKH%LR3URWHLQWHVWGLHW
XVHGLQVWXG\$$WRWDORIPHWULFWRQHVRIWKHWHVWGLHWZHUHXVHGIRUWKHILHOGWULDO
$OOIDUPVZHUHDVNHGWRILOORXWDTXHVWLRQQDLUHUHJDUGLQJJURZWKSHUIRUPDQFHKHDOWK
VWDWXVDQGSHOOHWTXDOLW\DWWKHHQGRIWKHWHVWSHULRG0RVWIDUPVKDGSLJVZLWKJRRG
KHDOWKVWDWXVEXWRQHIDUPUHSRUWHGJRRGWRPHGLXPKHDOWKVWDWXV0RVWIDUPVUHSRUWHG
JRRGHQYLURQPHQWDOFRQGLWLRQVLQWKHSLJKRXVHEXWWKUHHIDUPVUHSRUWHGPHGLXP
HQYLURQPHQWDOFRQGLWLRQV
5HVXOWVDQGGLVFXVVLRQ
6ODXJKWHULQJ
$OOSLJVZHUHVODXJKWHUHGDWDFRPPHUFLDOVODXJKWHUKRXVH&RPPHQWVIURPWKH
YHWHULQDU\FRQWURODJHQF\LQGLFDWHWKDWDOOSLJVZHUHLQQRUPDOKHDOWK7KHUHVXOWVIURP
WKHTXHVWLRQQDLUHDUHSUHVHQWHGLQ7DEOH
7DEOH5HVXOWVIURPWKHTXHVWLRQQDLUHQXPEHURIDQVZHUVIRUHDFKRIWKHWKUHH
RSWLRQVIURPWKHGLIIHUHQWTXHVWLRQV

)HHGLQWDNH
:HLJKWJDLQ
6LFNQHVVPRUWDOLW\
'LDUUKRHD
3HOOHWTXDOLW\

&KDQJHVLQD
SRVLWLYHGLUHFWLRQ






1RFKDQJHV






&KDQJHVLQDQHJDWLYH
GLUHFWLRQ






1 Both producers whom reported increased incidence of diarrhoea remarked that this only occurred in the early stages of the
fattening period, and that this was temporary

2XWRIWKHQLQHSURGXFHUVWKDWKDGILOOHGRXWWKHTXHVWLRQQDLUHQRQHKDYHUHSRUWHG
FKDQJHVLQIHHGLQWDNHRIWKHSLJV)RXUSURGXFHUVUHSRUWHGLQFUHDVHLQZHLJKWJDLQRIWKH
SLJVDQGWZRSURGXFHUVUHSRUWHGDUHGXFWLRQLQPRUWDOLW\UDWHVDQGLQFLGHQFHRI
VLFNQHVV7ZRSURGXFHUVUHSRUWHGDQLQFUHDVHLQWKHLQFLGHQFHRIGLDUUKRHDGXULQJWKH
HDUO\VWDJHVRIWKHJURZLQJILQLVKLQJSHULRG2QHRIWKHVHFDVHVWKLVPD\KDYHEHHQ
DVVRFLDWHGZLWKWKHORZHUKHDOWKVWDWXVDQGHQYLURQPHQWDOFRQGLWLRQVUHSRUWHGDWWKH
IDUP7KHLQFUHDVHGLQFLGHQFHRIGLDUUKRHDGLGQRWKRZHYHUDGYHUVHO\DIIHFWJURZWK
SHUIRUPDQFHRIWKHVHSLJVGXULQJWKHWHVWLQJSHULRG:LWKUHVSHFWWRSHOOHWTXDOLW\RQH
SURGXFHUUHSRUWHGLPSURYHPHQWLQSHOOHWTXDOLW\ZKLOHHLJKWSURGXFHUVUHSRUWHGQR

%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU

SDJHRI


FKDQJHVLQSHOOHWTXDOLW\7ZRSURGXFHUVUHSRUWHGDVOLJKWUHGXFWLRQLQFDUFDVVOHDQPHDW
SHUFHQWDJHGXULQJWKHWHVWSHULRGZKLOHWKHUHPDLQLQJIDUPVUHSRUWHGQRFKDQJHVLQOHDQ
PHDWSHUFHQWDJH

&RQFOXVLRQ

7KHUHVXOWVIURPWKHILHOGWULDOVXJJHVWHGWKDWWKHDGGLWLRQRIJNJ%LR3URWHLQLQGLHWV
IRUIDWWHQLQJSLJVGLGQRWKDYHDQ\DGYHUVHHIIHFWRQJURZWKSHUIRUPDQFHRIWKHSLJV
5DWKHULWDSSHDUHGWKDWWKHGLHWDU\LQFOXVLRQRI%LR3URWHLQKDGDSRVLWLYHHIIHFWRQ
JURZWKSHUIRUPDQFH7ZRRXWRIQLQHSURGXFHUVUHSRUWHGDVOLJKWGHFUHDVHLQFDUFDVV
OHDQPHDOSHUFHQWDJHDIWHUWKH\VWDUWHGWRXVHWKH%LR3URWHLQGLHW

7KHRQO\DGYHUVHFOLQLFDOKHDOWKREVHUYDWLRQUHSRUWHGGXULQJWKHWKUHHPRQWKWHVWLQJ
SHULRGZDVDWHQGHQF\IRUDQLQFUHDVHGLQFLGHQFHRIGLDUUKRHDDWWZRIDUPVGXULQJWKH
HDUO\SKDVHRIWKHIDWWHQLQJSHULRG7KLVLVQRWEHOLHYHGWREHFDXVHGE\%LR3URWHLQDQGLW
GLGQRWDGYHUVHO\DIIHFWJURZWKSHUIRUPDQFHRIWKHVHSLJV 

Broiler chicken trail with BioProtein (Annex 9).

0DWHULDOVDQGPHWKRGV

$JURZWKWULDOZDVFDUULHGRXWZLWKEURLOHUFKLFNHQVDWWKH([SHULPHQWDOIDUPDWWKH
$JULFXOWXUDO8QLYHUVLW\RI1RUZD\cV1RUZD\GXULQJWKHSHULRGIURP)HEUXDU\XQWLO
$SULO7KHPDLQREMHFWLYHRIWKHVWXG\ZDVWRGHWHUPLQHWKHHIIHFWRI%LR3URWHLQLQ
GLHWVIRUEURLOHUFKLFNVRQ ZHLJKWJDLQIHHGLQWDNHIHHGHIILFLHQF\DQGGUHVVLQJ
SHUFHQWDJHDQG FOLQLFDOKHDOWKDQGWDUJHWVSHFLHVVDIHW\7KHWULDOZDVFDUULHGRXWZLWK
GD\ROG5RVVEURLOHUFKLFNV2QUHFHLSWWKHELUGVZHUHVXEMHFWHGWRDKHDOWK
LQVSHFWLRQDQGUDQGRPO\DOORFDWHGLQWRWZRGLHWDU\WUHDWPHQWJURXSV7KHUHZHUHWZR
H[SHULPHQWDOGLHWVDFRQWUROGLHWDQGDGLHWZLWKUHGXFHGVR\EHDQPHDOVXSSOLHGZLWK
JNJ%LR3URWHLQ)HHGDQGZDWHUZHUHSURYLGHGDGOLELWXP

:HLJKWJDLQDQGIHHGFRQVXPSWLRQZDVUHJLVWHUHGSHUSHQWKURXJKRXWWKHWULDO7ZHOYH
ELUGVSHUWUHDWPHQWZHUHXVHGIRUGHWHUPLQDWLRQRIVODXJKWHUZHLJKWDQGGUHVVLQJ
SHUFHQWDJH/LWWHUFRQGLWLRQSHUSHQZDVMXGJHGDWGD\VDQGDWGD\VRIDJHXVLQJD
VFRUHIURPWRZLWKIRUGU\DQGSRURXVOLWWHUDQGIRUZHWDQGFDNLQJOLWWHU

7KHELUGVZHUHREVHUYHGDWOHDVWWZLFHGDLO\IRUDQ\FOLQLFDOVLJQRIWR[LFLW\LOOKHDOWKRU
RWKHUDEQRUPDOLWLHV$Q\GHYLDWLRQIURPQRUPDOZDVUHFRUGHG'HDGELUGVZHUH
DXWRSVLHGDWWKHSDWKRORJ\ODERUDWRU\DWWKH1RUZHJLDQ6FKRRORI9HWHULQDU\6FLHQFH
2VOR1RUZD\

$WWKHWHUPLQDWLRQRIWKHWULDODJURVVDQGKLVWRSDWKRORJLFDOH[DPLQDWLRQZDVSHUIRUPHG
DWWKHSDWKRORJ\ODERUDWRU\DWWKH1RUZHJLDQ6FKRRORI9HWHULQDU\6FLHQFH2VOR
1RUZD\RQELUGVSHUWUHDWPHQW
7LVVXHVDPSOHVZHUHWDNHQIURPOLYHUNLGQH\KHDUWSUR[LPDOVPDOOLQWHVWLQHVSOHHQ
DQGEXUVDIDEULFLXV


%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU



SDJHRI


5HVXOWVDQGGLVFXVVLRQ

+HDOWK
$OOELUGVZHUHLQQRUPDOKHDOWKSULRUWRWKHVWXG\7KUHHELUGVGLHGRQWKHFRQWUROGLHW
DQGWKUHHELUGVGLHGRQWKH%LR3URWHLQGLHW 1HFURSV\UHSRUW$QQH[ 7KHPRUWDOLW\
UDWHVZHUHZKLFKDUHFRQVLGHUHGWREHW\SLFDO1RFOLQLFDOKHDOWKSUREOHPVUHODWHGWR
DQ\VSHFLILFGLHWDU\WUHDWPHQWKDYHEHHQHQFRXQWHUHGGXULQJWKHH[SHULPHQWDOSHULRG
7KHELUGVKDGQRUPDOJURZWKUDWHVDQGIHHGLQWDNHVWKURXJKRXWWKHVWXG\SHULRG

*URZWKSHUIRUPDQFH
7KHHIIHFWVRI%LR3URWHLQRQERG\ZHLJKWFKDQJHVJURZWKUDWHVIHHGLQWDNHDQG)&5
DUHSUHVHQWHGLQ7DEOH


7DEOH(IIHFWRI%LR3URWHLQRQJURZWKSHUIRUPDQFHGUHVVLQJSHUFHQWDJHDQGOLWWHU
TXDOLW\RIEURLOHUFKLFNHQV


/HYHORI%LR3URWHLQ JNJ 
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1 Growth performance data are expressed as pen average.
2 SEM = standard error of the mean.
3 Litter quality; score 1 –5, where 1 is dry and porous litter and 5 is wet and caking litter.


$WGD\LQGLYLGXDOERG\ZHLJKWVRIFKLFNHQIHGWKH%LR3URWHLQGLHWZHUHJKLJKHU
WKDQIRUWKHFRQWUROELUGV$YHUDJHZHLJKWJDLQSHUSHQIURPWRGD\VZDV
VLJQLILFDQWO\ 3 KLJKHUIRUWKHFKLFNHQIHGWKH%LR3URWHLQGLHWFRPSDUHGWRWKH

%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU



SDJHRI

FRQWUROFKLFNHQV$OWKRXJKQRWVLJQLILFDQWIHHGLQWDNHRIWKHFKLFNHQVIHGWKH
%LR3URWHLQGLHWZDVDOVRKLJKHU 3  FRPSDUHGWRWKHFRQWUROFKLFNHQV7KHUH
ZHUHKRZHYHUQRVLJQLILFDQWGLIIHUHQFHVLQ)&5EHWZHHQWUHDWPHQWVGXULQJWKLVSHULRG
'XULQJWKHSHULRGIURPGD\WRGD\ZHLJKWJDLQWHQGHG 3 WREHKLJKHUIRU
WKHFKLFNHQVIHGWKH%LR3URWHLQGLHWEXWWKHUHZHUHQRVLJQLILFDQWGLIIHUHQFHVEHWZHHQ
WUHDWPHQWVIRUIHHGLQWDNHRU)&5GXULQJWKLVSHULRG'XULQJWKHSHULRGIURPGD\XQWLO
GD\FKLFNHQVIHGWKH%LR3URWHLQGLHWKDGDVLJQLILFDQWO\ 3 KLJKHUZHLJKW
JDLQFRPSDUHGZLWKWKHFRQWUROFKLFNHQV7KHUHZHUHQRVLJQLILFDQWGLIIHUHQFHVLQIHHG
LQWDNHEHWZHHQWKHFKLFNHQVUHFHLYLQJWKHFRQWURODQGWKH%LR3URWHLQGLHWGXULQJWKLV
SHULRGEXWWKHELUGVUHFHLYLQJWKHJNJ%LR3URWHLQGLHWKDGEHWWHU 3 )&5
FRPSDUHGZLWKWKHFRQWUROELUGV
7KHZHLJKWJDLQDQGIHHGLQWDNHLQGLFDWHWKHUHLVQRQHJDWLYHHIIHFWRQWKHKHDOWKRIWKH
FKLFNHQVDGPLQLVWHUHG%LR3URWHLQXSWRJNJLQWKHGLHW
7KHUHZHUHQRGLIIHUHQFHVLQGUHVVLQJSHUFHQWDJHDPRQJWUHDWPHQWV)XUWKHUPRUHWKHUH
ZHUHQRVLJQLILFDQWGLIIHUHQFHVLQOLWWHUTXDOLW\RIELUGVUHFHLYLQJWKHFRQWURORUWKH
JNJ%LR3URWHLQGLHWDWG±RUDWG
3DWKRORJ\
7KHUHVXOWVIURPJURVVDQGKLVWRSDWKRORJLFDOH[DPLQDWLRQVKRZHGWKDWWKHUHZHUHQR
VLJQLILFDQWGLIIHUHQFHVEHWZHHQWKHFRQWURODQGWKH%LR3URWHLQJURXSIRUDQ\RIWKH
RUJDQVH[DPLQHG $QQH[ 
&RQFOXVLRQ
5HSODFLQJVR\EHDQPHDOZLWKJNJ%LR3URWHLQLPSURYHGJURZWKUDWHDQGIHHG
FRQYHUVLRQFRPSDUHGWRDFRQYHQWLRQDOVR\EHDQPHDOEDVHGGLHW%LR3URWHLQDOVRKDGD
SRVLWLYHHIIHFWRQIHHGLQWDNHRIWKHEURLOHUFKLFNHQVHVSHFLDOO\GXULQJWKHILUVWGD\V
RIWKHH[SHULPHQW7KXV%LR3URWHLQFRXOGEHXVHGDVDPDMRUSURWHLQVRXUFHLQGLHWVIRU
EURLOHUFKLFNV
7KHZHLJKWJDLQIHHGLQWDNHDQGFOLQLFDOKHDOWKREVHUYDWLRQVDQGQHFURSV\ILQGLQJV
LQGLFDWHWKHUHLVQRQHJDWLYHHIIHFWRQWKHKHDOWKRIEURLOHUFKLFNVJLYHQGLHWVFRQWDLQLQJ
JNJ%LR3URWHLQ
4.1.7Bacterial protein as a protein source in diets for Atlantic salmon (Salmo Salar)
(Annex 12).
0DWHULDOVDQG0HWKRGV
$JURZWKWULDOZLWK$WODQWLFVDOPRQZDVFDUULHGRXWDW$NYDIRUVN,QVWLWXWHRI
$TXDFXOWXUHUHVHDUFK6XQQGDOV¡UD1RUZD\GXULQJXQWLO7KHDLPRIWKLVWULDO
ZDVWRLQYHVWLJDWH%LR3URWHLQDVDSURWHLQVRXUFHIRU$WODQWLFVDOPRQZLWKWKHPDLQ
IRFXVRQJURZWKIHHGXWLOL]DWLRQHQHUJ\EXGJHWDQGQLWURJHQPHWDEROLVP7KHUHZHUHD
WRWDORIILYHGLHWDU\WUHDWPHQWV7KHGLHWDU\WUHDWPHQWVFRQVLVWHGRIDILVKPHDOEDVHG
FRQWUROGLHWDQGIRXUWHVWGLHWVFRQWDLQLQJDQGJ%LR3URWHLQJNJ$WRWDO
RI$WODQWLFVDOPRQ 6DOPRVDODU ZLWKJLQLWLDOZHLJKWZHUHXVHGLQWKHWULDO
(DFKRIWKHILYHGLHWVZDVIHGWRWKUHHUHSOLFDWHJURXSVRIILVKSHUJURXS7KHWULDO
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ODVWHGQLQHZHHNV:HLJKWJDLQDQGIHHGLQWDNHZDVUHJLVWHUHGWKURXJKRXWWKHWULDO8UHD
OHYHOVLQSODVPDDQGOLYHUZHUHDQDO\VHGLQILVKIURPWKHDQGJNJ
%LR3URWHLQJURXSKHDWLQFUHPHQWZDVPHDVXUHGGXULQJWKHODVWZHHN

5HVXOWVDQGGLVFXVVLRQ

+HDOWK
7KHUHZDVQRPRUWDOLW\LQHLWKHUWUHDWPHQWJURXS1RFOLQLFDOKHDOWKSUREOHPVUHODWHGWR
WKHGLHWDU\WUHDWPHQWKDYHEHHQHQFRXQWHUHGGXULQJWKHH[SHULPHQWDOSHULRG6RPH
LQFLGHQFHVRIFDWDUDFWVZHUHREVHUYHGEXWWKHUHZHUHQRGLIIHUHQFHVLQRFFXUUHQFHRI
WKLVFRQGLWLRQEHWZHHQWKHWUHDWPHQWVJURXSV7KHJURZWKUDWHDQGIHHGLQWDNHLV
FRQVLGHUHGWREHJRRGIRUILVKWKLVVL]HDWWKHSUHVHQWIDFLOLWLHV

*URZWKSHUIRUPDQFH
7KHUHWHQGHG 3  WREHDGLIIHUHQFHLQILQDOZHLJKWDPRQJWKHWUHDWPHQWV 7DEOH
 )LQDOZHLJKWVZHUHKLJKHVWIRUWKHILVKUHFHLYLQJGLHWVFRQWDLQLQJDQG
JNJ%LR3URWHLQ7KHVSHFLILFJURZWKUDWHVZHUHVLJQLILFDQWO\KLJKHUIRUWKHDQG
JNJ%LR3URWHLQJURXSFRPSDUHGWRWKHFRQWURODQGWKHJNJ%LR3URWHLQJURXS7KH
DGGLWLRQRIJNJ%LR3URWHLQJDYHDQLQWHUPHGLDWHUHVSRQVHLQVSHFLILFJURZWKUDWHV

7KHUHZHUHQRVLJQLILFDQWGLIIHUHQFHVLQIHHGLQWDNHRIWKHILVKEXWWKHIHHGHIILFLHQF\
UDWLRZDVVLJQLILFDQWO\KLJKHUIRUWKHJNJ%LR3URWHLQJURXSWKDQWKHDQGJNJ
JURXS7KHIHHGHIILFLHQF\RIILVKUHFHLYLQJLQWHUPHGLDWHOHYHOVRI%LR3URWHLQRIDQG
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HIIHFWRQWKHKHDOWKRIWKHILVKDGPLQLVWHUHG%LR3URWHLQXSWRJNJLQWKHGLHW
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7DEOH(IIHFWRI%LR3URWHLQRQUHWHQWLRQRIQLWURJHQDQGHQHUJ\RI$WODQWLF
6DOPRQZKROHERG\UHWHQWLRQ
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JURZWKUDWHVDQGIHHGHIILFLHQF\UDWLRDUHLPSURYHG
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7KHOHYHORIXUHDLQSODVPDDQGOLYHULQFUHDVHGZLWKLQFUHDVLQJOHYHOVRI%LR3URWHLQLQ
WKHGLHW )LJXUH 3ODVPDXUHDZDVVLJQLILFDQWO\KLJKHULQWKHILVKUHFHLYLQJWKH
JNJ%LR3URWHLQGLHWWKDQWKRVHUHFHLYLQJWKHDQGJNJ%LR3URWHLQGLHWZKLOH
WKHOLYHUXUHDOHYHOZDVVLJQLILFDQWO\KLJKHULQWKHILVKUHFHLYLQJWKHJNJ%LR3URWHLQ
GLHWWKDQWKRVHUHFHLYLQJWKHNJ%LR3URWHLQGLHW6LQFHPRVWRIWKH1IURPDPLQRDFLGV
PHWDEROLVPLQILVKLVH[FUHWHGDVDPPRQLDWKHLQFUHDVHLQXUHDOHYHOVLVSUREDEO\GXHWR
WKHEUHDNGRZQRIWKHQXFOHLFDFLGVLQWKH%LR3URWHLQ7KHKLJKHUIHHGXWLOL]DWLRQDQG
LPSURYHGJURZWKUDWHVLQWKHJURXSVUHFHLYLQJWKHKLJKHVWOHYHOVRI%LR3URWHLQLQGLFDWH
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&RQFOXVLRQ
5HSODFLQJILVKPHDODQGZKHDWZLWKLQFUHDVLQJOHYHOVRIOLSRSURWHLQLQGLHWVIRU$WODQWLF
VDOPRQZHLJKLQJJOLYHZHLJKWUHVXOWHGLQ
'RVHGHSHQGHQWLPSURYHPHQWLQVSHFLILFJURZWKUDWHDQGIHHGXWLOL]DWLRQ
6LJQLILFDQWLPSURYHPHQWLQVSHFLILFJURZWKUDWHDQGIHHGXWLOL]DWLRQIRUILVKUHFHLYLQJ
WKHDQGJNJ%LR3URWHLQGLHW
6LJQLILFDQWLPSURYHPHQWLQQLWURJHQDQGHQHUJ\UHWHQWLRQIRUILVKUHFHLYLQJWKH
DQGJNJ%LR3URWHLQGLHW
6LJQLILFDQWLQFUHDVHVLQSODVPDDQGOLYHUXUHDFRQFHQWUDWLRQZLWKLQFUHDVLQJOHYHOVRI
%LR3URWHLQZKLFKDUHEHOLHYHGWREHUHODWHGWRWKHEUHDNGRZQRIQXFOHLFDFLGV
1RDGYHUVHHIIHFWRQFOLQLFDOKHDOWKRI$WODQWLFVDOPRQJLYHQGLHWVFRQWDLQLQJXSWR
JNJ%LR3URWHLQ
4.1.8Discussion; studies on target animals
7KHVHQHZWULDOVRQ%LR3URWHLQKDYHFRQILUPHGLWVVXLWDELOLW\IRUJURZLQJSLJV ZHDQHG
SLJOHWVDQGIDWWHQLQJSLJV EURLOHUFKLFNHQVDQG$WODQWLF6DOPRQ,WJDYHJRRGJURZWK
DQGRYHUDOOSHUIRUPDQFHLQDOOVSHFLHVDQGLWZDVSDUWLFXODUO\LPSUHVVLYHWKDWLQFUHDVLQJ
LQFOXVLRQUDWHVRI%LR3URWHLQXSWR JNJ LQVDOPRQIHHGSURGXFHGDOLQHDU
GRVHUHVSRQVHLQJURZWKUDWHDQGIHHGXWLOLVDWLRQ
%DVHGRQFOLQLFDOREVHUYDWLRQVLQDOOWULDOVDQGDGGLWLRQDOSDWKRORJ\LQYHVWLJDWLRQVLQ
SLJVDQGFKLFNHQV%LR3URWHLQKDGQRDGYHUVHHIIHFWVRQKHDOWK
7KHVHUHVXOWVDGGZHLJKWWRSUHYLRXVVXFFHVVIXOIHHGLQJWULDOVFRQGXFWHGZLWK%LR3URWHLQ
LQSLJVDWXSWRJNJRIIHHG YHUODQG$QQH[ LQEURLOHUFKLFNHQVDWXSWR
JNJRIIHHG 6NUHGHHWDO$QQH[ DQGXSWRJNJLQWKHIHHGRIEOXHIR[HV
6NUHGHDQG$KOVWU¡P$QQH[ 
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4.2 Studies in rats

4.2.1Introduction

7ZRQHZVWXGLHVKDYHEHHQFRPSOHWHGLQUDWV

$VLQJOHJHQHUDWLRQVWXG\
$VWXG\LQMXYHQLOHUDWVIURPZHDQLQJWRZHHNVRIDJH

,QDGGLWLRQDQWLERG\VWXGLHVZHUHXQGHUWDNHQRQEORRGVDPSOHVWDNHQIURPUDWVLQWKHVH
WZRVWXGLHVLQFOXGLQJVDPSOHVIURPLPPXQLVHGUDWVIURPWKH6LQJOH*HQHUDWLRQ6WXG\

,QWKHVLQJOHJHQHUDWLRQVWXG\%LR3URWHLQZDVWHVWHGDWGLHWDU\LQFOXVLRQOHYHOVRI
DQG'LHWVFRQWDLQLQJWKHVDPHOHYHOVRI%UHZHU¶V<HDVWZHUHDOVRLQFOXGHGLQWKH
VWXG\LQRUGHUWRKDYHDFRQYHQWLRQDOVRXUFHRISURWHLQRIDVLPLODUQDWXUHWRIRUPDQ
DGGLWLRQDOEDVLVRIFRPSDULVRQZLWK%LR3URWHLQ

7KHVWXG\LQMXYHQLOHUDWVXVHGWKH%LR3URWHLQGLHWEXWLWZDVIHGIRUGLIIHUHQW
SHULRGVRIWLPHLQWKHYDULRXVWUHDWPHQWJURXSV

%LR3URWHLQVKRZHGQRHIIHFWVRQUHSURGXFWLYHSHUIRUPDQFHDQGGLGQRWDIIHFWJURZWK
DQGGHYHORSPHQWRIWKHRIIVSULQJWRZHHNVRIDJH6LPLODUO\JURZWKDQGJHQHUDO
ZHOOEHLQJZHUHXQDIIHFWHGLQWKH-XYHQLOHV6WXG\LQUDWVIHG%LR3URWHLQIURPZHDQLQJ
RUZHHNVRIDJHWRHLWKHURUZHHNVRIDJH

7KHPDLQILQGLQJVRILQWHUHVWZHUHWKDWSDUHQWDQLPDOVLQERWKWKH%LR3URWHLQDQG
%UHZHU¶V<HDVWJURXSVVKRZHGDGHJUHHRIHQODUJHPHQWRIPHVHQWHULFO\PSKQRGHV
ZKLFKZDVQRWXQH[SHFWHGLQWKHOLJKWRIUHVXOWVIURPSUHYLRXVVWXGLHV,QWKH%LR3URWHLQ
JURXSVWKLVZDVDFFRPSDQLHGE\PLQLPDOWRPRGHUDWHDFFXPXODWLRQRIPDFURSKDJHV,Q
WKHRIIVSULQJPDLQWDLQHGWRZHHNVRIDJHRQO\PDOHVKDGDVLJQLILFDQWLQFUHDVHLQ
PHVHQWHULFO\PSKQRGHZHLJKWVZLWKRXWDQ\GRVHUHVSRQVHUHODWLRQVKLS0LQLPDOWR
VOLJKWPDFURSKDJHDFFXPXODWLRQZDVVHHQLQWKHO\PSKQRGHVRIRQO\RIWKH
%LR3URWHLQIHGUDWV

-XYHQLOHUDWVIHGWKH%LR3URWHLQGLHWIURPZHDQLQJRUIURPZHHNVRIDJHWR
ZHHNVRIDJHVKRZHGVRPHO\PSKQRGHHQODUJHPHQWPRVWO\LQIHPDOHV7KLVZDV
DFFRPSDQLHGE\PLQLPDOWRVOLJKWPDFURSKDJHDFFXPXODWLRQLQRQO\IHPDOHVLQHDFK
RIWKHVHJURXSVZLWKQRQHLQPDOHV,QFUHDVHGPHVHQWHULFO\PSKQRGHZHLJKWVUHPDLQHG
HYLGHQWLQDJURXSWKDWFRQWLQXHGWRUHFHLYH%LR3URWHLQWRZHHNVRIDJH7KHGHJUHH
RIPDFURSKDJHDFFXPXODWLRQZDVPLQLPDOWRPRGHUDWH7KHJURXSUHWXUQHGWRWKH
&RQWUROGLHWIURPWRZHHNVRIDJHVKRZHGVRPHZHLJKWLQFUHDVHLQPDOHVRQO\EXW
ZLWKRXWDQ\DFFXPXODWLRQRIPDFURSKDJHV7KLVLQGLFDWHVWKDWWKHVPDOOHIIHFWRQ
PHVHQWHULFO\PSKQRGHVLVUHYHUVLEOHZKHQDQLPDOVDUHUHWXUQHGWRWKHFRQWUROGLHW

$QDO\VLVRIEORRGVDPSOHVIURPUDWVIHGWKDWKDGUHFHLYHG&RQWURO%LR3URWHLQRU
%UHZHUV<HDVW VLQJOHJHQHUDWLRQ GLHWVIURPWKHDERYHVWXGLHVZDVXQGHUWDNHQIRU,J*
,J*,J*DDQG,J*$DQWLERGLHVDJDLQVW%LR3URWHLQ:KHUHDVSDUHQWDQLPDOVUHFHLYLQJ
%LR3URWHLQKDGKLJKHUOHYHOVRIDQWLERGLHVWKDQ&RQWURODQLPDOVRIIVSULQJLQWKH
%LR3URWHLQJURXSVVKRZHGQRLQFUHDVHUHODWLYHWRWKH&RQWUROV$VLPLODUSDWWHUQZDV
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VHHQIRUUDWVIHG%UHZHUV<HDVWDOWKRXJKZLWKDPRUHSURQRXQFHGUHVSRQVHWKDQ
%LR3URWHLQ
,QWKH-XYHQLOHV6WXG\DQWLERG\OHYHOVZHUHJHQHUDOO\VRPHZKDWKLJKHULQWKH
%LR3URWHLQJURXSVWKDQLQWKH&RQWUROVEXWLQWURGXFWLRQRI%LR3URWHLQDWZHDQLQJRU
UHWXUQLQJWRWKHFRQWUROGLHWDIWHUZHHNVRIDJHUHGXFHGWKHDQWLERG\UHVSRQVHWR
%LR3URWHLQ
7KHVHGDWDVXJJHVWWKDWWKHLQFUHDVHLQPHVHQWHULFO\PSKQRGHZHLJKWVDQGORZJUDGH
PDFURSKDJHDFFXPXODWLRQVHHQLQVRPHUDWVDUHLQGLFDWLYHRIDQLPPXQHUHVSRQVHWRDQ
XQIDPLOLDULQJUHGLHQW)XUWKHUPRUHWKHUHVSRQVHLVGLPLQLVKHGE\SDUHQWDOH[SRVXUHRU
HDUO\LQWURGXFWLRQLQWRWKHGLHWDQGWKHHIIHFWVDUHDOVRUHYHUVLEOHLQGLFDWLQJWKHDEVHQFH
RIDQ\WR[LFHIIHFW
4.2.2Single Generation Study
7KLVVWXG\ZDVFRQGXFWHGDW6FDQWR[+HVWHKDYHYHM$(ME\'./LOOH
6NHQVYHG'HQPDUNLQDFFRUGDQFHZLWKWKH2(&'*XLGHOLQHIRUWHVWLQJRIFKHPLFDOV
1Rµ2QH*HQHUDWLRQ5HSURGXFWLRQ7R[LFLW\6WXG\¶ DGRSWHGRQ0D\ DQG
LQFRPSOLDQFHZLWKWKH3ULQFLSOHVRI*RRG/DERUDWRU\3UDFWLFH
$FRS\RIWKHVWXG\UHSRUWLVSURYLGHGLQ$QQH[ 6FDQWR[VWXG\QXPEHU
µ%LR3URWHLQDQG%UHZHU¶V<HDVW2QHJHQHUDWLRQUHSURGXFWLRQWR[LFLW\VWXG\LQUDW¶ 
7KHREMHFWLYHRIWKHVWXG\ZDVWRREWDLQLQIRUPDWLRQFRQFHUQLQJWKHHIIHFWVRI
%LR3URWHLQRQPDOHDQGIHPDOHUHSURGXFWLYHSHUIRUPDQFHLQFOXGLQJJRQDGDOIXQFWLRQ
RHVWURXVF\FOHPDWLQJEHKDYLRXUFRQFHSWLRQSUHJQDQF\SDUWXULWLRQODFWDWLRQZHDQLQJ
DQGRQWKHJURZWKDQGGHYHORSPHQWRIWKHVHOHFWHGRIIVSULQJXSWRWKHDJHRIZHHNV
%UHZHU¶V<HDVWZDVLQFOXGHGDVDQDGGLWLRQDOFRPSDUDWRUUHSUHVHQWLQJDFRQYHQWLRQDO
LQJUHGLHQWRIDVLPLODUQDWXUHWR%LR3URWHLQ
6WXG\GHVLJQ
2QHKXQGUHGDQGWZHQW\PDOHDQGIHPDOH:LVWDUUDWVRIWKHVWUDLQ
%UO+DQ:,67#0RO *$/$6 DJHGZHHNV PDOHV RUZHHNV IHPDOHV DWVWDUW
RIWUHDWPHQWZHUHDOORFDWHGWRILYHJURXSVRIDQLPDOVVH[JURXS7KHWUHDWPHQWV
FRQVLVWHGRIILYHLQGLYLGXDOO\IRUPXODWHGDQGPDQXIDFWXUHGGLHWVDVIROORZV
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%LR3URWHLQ
%LR3URWHLQ
%UHZHU¶V<HDVW
%UHZHU¶V<HDVW

7KHGLHWVZHUHEDVHGRQFHUHDOVZLWK&DVHLQDVWKHVXSSOHPHQWDU\SURWHLQVRXUFHLQWKH
FRQWUROGLHW%LR3URWHLQDQG%UHZHU¶V<HDVWZHUHLQWURGXFHGLQSODFHRIDSSURSULDWH
SURSRUWLRQVRI&DVHLQ8VLQJLQIRUPDWLRQRQWKHQXWULWLRQDODQDO\VLVRIWKHLQJUHGLHQWV
DOOGLHWVZHUHIRUPXODWHGWREHHTXDOLQ
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3URWHLQ
0HWKLRQLQHF\VWLQH
)DW
0HWDEROLVDEOHHQHUJ\
&DOFLXP
3KRVSKRUXV
0DJQHVLXP

$OVRHDFKGLHWZDVIRUPXODWHGWRVDWLVI\PLQLPXPUHTXLUHPHQWVIRUHVVHQWLDOIDWW\DFLGV
DQGRWKHUSRWHQWLDOO\OLPLWLQJDPLQRDFLGV7KHGLHWVZHUHIHGDGOLELWXP
0DOHVZHUHWUHDWHGIRUZHHNVEHIRUHPDWLQJGXULQJWKHPDWLQJSHULRGDQGXQWLO
QHFURSV\)HPDOHVZHUHWUHDWHGIRUZHHNVEHIRUHPDWLQJDQGXQWLOZHDQLQJWKH
RIIVSULQJZKHQWKH\UHDFKHGGD\VRIDJH2QFRPSOHWLRQRIPDWLQJWKHPDOHVZHUH
NLOOHGDQGVXEMHFWHGWRJURVVSDWKRORJLFDOH[DPLQDWLRQ$WZHDQLQJIHPDOHSDUHQWVDQG
RIIVSULQJQRWVHOHFWHGIRUH[WHQGHGWUHDWPHQWZHUHNLOOHGDQGVXEMHFWHGWRDJURVV
SDWKRORJLFDOH[DPLQDWLRQ
)URPZHDQLQJPDOHDQGIHPDOHRIIVSULQJVHOHFWHGUDQGRPO\IURPHDFKJURXS
ZHUHPDLQWDLQHGWRZHHNVRIDJHRQWKHLUUHVSHFWLYHGLHWV
)RUHDFKJURXSWLPHWRPDWLQJIHUWLOLW\OHQJWKRIWKHJHVWDWLRQSHULRGDQGWKHJHVWDWLRQ
UDWHZHUHFDOFXODWHG7KHIROORZLQJSDUDPHWHUVUHFRUGHGEHWZHHQIURPELUWKWRZHDQLQJ
ZHUHLQFOXGHG







1XPEHUDQGVH[RISXSVQXPEHURIVWLOOELUWKVDQGOLYHELUWKVDVVRRQDVSRVVLEOH
DIWHUGHOLYHU\ 'D\ 
/LWWHUVL]HLQFOXGLQJGHDGSXSVRQWKHPRUQLQJDIWHUELUWK 'D\ 
1XPEHURIPDOHDQGIHPDOHSXSV 'D\ 
1XPEHURIVXUYLYRUVRQ'D\DQG
1XPEHURISXSVZLWKJURVVO\YLVLEOHDEQRUPDOLWLHV
1XPEHURISXSVZLWKSK\VLFDORUJURVVEHKDYLRXUDODEQRUPDOLWLHVDIWHUSDUWXULWLRQ
DQGGXULQJWKHODFWDWLRQSHULRG

&OLQLFDOVLJQVZHUHUHFRUGHGGDLO\IRUDOODQLPDOVLQFOXGLQJSXSVWKURXJKRXWWKHVWXG\
%RG\ZHLJKWIRUHDFKIHPDOHZDVUHFRUGHGRQDUULYDORQWKHILUVWGD\RIWUHDWPHQWDQG
ZHHNO\WKHUHDIWHUGXULQJSUHPDWLQJSHULRG7KHGDPVZHUHZHLJKHGRQ'D\V
DQGRIJHVWDWLRQDQGRQ'D\VDQGRIODFWDWLRQ3XSVZHUHZHLJKHG
FROOHFWLYHO\ LHWKHOLWWHUVPDOHVDQGIHPDOHVVHSDUDWHO\ RQ'D\VDQGDQG
LQGLYLGXDOO\RQSRVWQDWDO'D\6HOHFWHGSXSVIRUH[WHQGHGWUHDWPHQWZHUHZHLJKHG
ZHHNO\0DOHVZHUHZHLJKHGRQDUULYDODQGZHHNO\LQWKHSUHPDWLQJSHULRGGXULQJ
PDWLQJSHULRG
)RRGFRQVXPSWLRQIRUDOODQLPDOVUHFRUGHGZHHNO\WKURXJKRXWWKHVWXG\H[FHSWGXULQJ
WKHPDWLQJSHULRGDQGGXULQJODFWDWLRQ,QWKHODWWHUFDVHLWZDVUHFRUGHGRQWKHVDPH
GD\VDVWKHZHLJKLQJRIGDPVDQGSXSV
3ULRUWRQHFURSV\EORRGVDPSOHVIURPSDUHQWDQLPDOV PDOHVDQGIHPDOHVSHU
JURXS DQGVHOHFWHG)RIIVSULQJ PDOHVDQGIHPDOHVSHUJURXS ZHUHWDNHQIRU
KDHPDWRORJ\DQGFRDJXODWLRQWHVW

%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU

SDJHRI

$IWHUFRPSOHWLRQRIH[WHQGHGWUHDWPHQWRIWKHVHOHFWHGRIIVSULQJRIIVSULQJRIHDFKVH[
IURPFRQWURODQG%LR3URWHLQJURXSZHUHVHOHFWHGIRULPPXQRORJLFDOLQYHVWLJDWLRQ
%ORRGVDPSOHVDVDERYHZHUHDOVRWDNHQIRUDQWLERG\DQDO\VLV VHH6HFWLRQ 
$WQHFURSV\DOOSDUHQWVSXSVQRWVHOHFWHGIRUH[WHQGHGWUHDWPHQWDQGVHOHFWHGRIIVSULQJ
ZHUHH[DPLQHGPDFURVFRSLFDOO\,PSODQWDWLRQVLWHVRIWKHIHPDOHSDUHQWVZHUHFRXQWHG
$EQRUPDOLWLHVPHVHQWHULFO\PSKQRGHVVSOHHQOLYHUFHUYL[FRDJXODWLRQJODQG
HSLGLG\PLGLVRYDULHVSURVWDWHVHPLQDOYHVLFOHVWHVWHVXWHUXVYDJLQDZKHUH
DSSURSULDWHIURPDOOSDUHQWVZHUHFROOHFWHGZHLJKHGDQGIL[HGDQGKLVWRORJLFDO
H[DPLQDWLRQZDVSHUIRUPHGRQWKHVHWLVVXHVRUJDQV$Q\DEQRUPDOLWLHVPHVHQWHULF
O\PSKQRGHVVSOHHQDQGOLYHUIURPVHOHFWHGRIIVSULQJZHUHFROOHFWHGZHLJKHGDQG
IL[HG+LVWRORJLFDOH[DPLQDWLRQZDVSHUIRUPHGRQWKHVHWLVVXHVRUJDQVRIWKHFRQWURODQG
KLJKGRVHJURXSRI%UHZHU¶V<HDVWDQGDOODQLPDOVRIDOOJURXSVWUHDWHGZLWK%LR3URWHLQ
5HVXOWV
1RWUHDWPHQWUHODWHGFOLQLFDOVLJQVZHUHREVHUYHGLQSDUHQWVRULQVHOHFWHG)RIIVSULQJ
1RWUHDWPHQWUHODWHGFKDQJHVZHUHVHHQLQWKHERG\ZHLJKWRISDUHQWVGXULQJWKHSUH
PDWLQJSHULRGDQGGXULQJJHVWDWLRQDQGODFWDWLRQSHULRGVLQIHPDOHV%RG\ZHLJKWVRI
VHOHFWHGRIIVSULQJIRUWKHH[WHQGHGWUHDWPHQWDOVRUHPDLQHGXQDIIHFWHGGXHWRWKH
WUHDWPHQWZLWK%LR3URWHLQDQG%UHZHU¶V<HDVW
2FFDVLRQDOO\IRRGFRQVXPSWLRQZDVVLJQLILFDQWO\UHGXFHGGXULQJWKHHDUO\ZHHNVRIWKH
VWXG\LQERWKVH[HVRISDUHQWDQLPDOV2FFDVLRQDOWUHDWPHQWUHODWHGLQFUHDVHVDQG
GHFUHDVHVLQIRRGFRQVXPSWLRQRIRIIVSULQJRI%LR3URWHLQ%LR3URWHLQDQG
%UHZHU¶V<HDVWJURXSZHUHIRXQGGXULQJWKHSHULRGRIH[WHQGHGWUHDWPHQW7KHUHZHUH
QRVLJQLILFDQWGLIIHUHQFHVLQWRWDOIRRGFRQVXPSWLRQRYHUWKHSHULRGRIWUHDWPHQW
1RVWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHZDVREVHUYHGLQUHSURGXFWLRQSDUDPHWHUVDQGRQ
OLWWHUGDWDRIDOODQLPDOVWUHDWHGZLWK%LR3URWHLQDQG%UHZHU¶V<HDVW
3URWKURPELQWLPHLQPDOHSDUHQWVDQGVHOHFWHGPDOHRIIVSULQJIURP*URXSVDQG
WUHDWHGZLWKDQG%LR3URWHLQUHVSHFWLYHO\ZDVVWDWLVWLFDOO\VLJQLILFDQWO\KLJKHU
WKDQIRUWKHFRQWUROV+RZHYHUWKHYDOXHVZHUHZLWKLQWKHKLVWRULFDOUDQJHRIGDWDIURWKH
ODERUDWRU\DQGWKHGLIIHUHQFHVZHUHPLQLPDOLQDEVROXWHWHUPV7KH\ZHUHWKHUHIRUH
FRQVLGHUHGWREHRIQRELRORJLFDOVLJQLILFDQFH)HPDOHSDUHQWVDQGRIIVSULQJZHUH
FRPSDUDEOHWRWKHFRQWUROJURXS
7KHUHZHUHQRRWKHUVLJQLILFDQWGLIIHUHQFHVLQKDHPDWRORJLFDOSDUDPHWHUVLQPDOHSDUHQWV
DQGPDOHRIIVSULQJ,QIHPDOHSDUHQWV%3KDGDVLJQLILFDQWO\KLJKHUZKLWHEORRGFHOO
FRXQWWKDQWKHFRQWUROWKRXJK%3GLGQRW%RWKWKH\HDVWJURXSVZHUHUDLVHGLQD
GRVHUHODWHGPDQQHU
,QFUHDVHGQHXWURSKLOVDQGO\PSKRF\WHVZHUHDVVRFLDWHGZLWKUDLVHGZKLWHEORRGFHOO
FRXQWV
,QIHPDOHRIIVSULQJWKHUHZDVDUHGXFWLRQLQZKLWHFHOOFRXQWLQWKH%LR3URWHLQUDWV
S WKRXJKQRWLQWKRVHUHFHLYLQJEXWWKHUHZHUHQRFKDQJHVLQDQ\RIWKH
VXEJURXSVRIZKLWHVFHOOV7KH<HDVWJURXSH[KLELWHGDQLQFUHDVHLQQHXWURSKLOV
S 

%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU

SDJHRI



5DWVUHFHLYLQJRU%UHZHUV<HDVWH[KLELWHGKLJKHUSURVWDWHZHLJKWV

6WDWLVWLFDOO\VLJQLILFDQWLQFUHDVHVZHUHIRXQGLQERWKDEVROXWHDQGUHODWLYHZHLJKWVRI
PHVHQWHULFO\PSKQRGHVLQERWKVH[HVRISDUHQWDQLPDOV7KHVHLQFUHDVHVZHUH
VLJQLILFDQWLQERWKWKH%LR3URWHLQJURXSVDQGLQWKH<HDVWJURXS7KH\WHQGHG
WKRXJKQRWFRQVLVWHQWO\VRWREHGRVHUHODWHG,QRIIVSULQJWDNHQWRZHHNVRIDJH
ZHLJKWVZHUHRQO\LQFUHDVHGVLJQLILFDQWO\LQPDOHVUHFHLYLQJ%LR3URWHLQ

7DEOH:HLJKWVRIPHVHQWHULFO\PSKLQSDUHQWV
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5HODWLYHOLYHUZHLJKWVZHUHLQFUHDVHGLQPDOHDQGIHPDOHSDUHQWVRIWKH<HDVW
JURXS,QWKHRIIVSULQJWKHUHODWLYHZHLJKWVZHUHVLJQLILFDQWO\LQFUHDVHGLQPDOHVRIWKH
<HDVWJURXSEXWZHUHUHGXFHGLQWKH%LR3URWHLQJURXSV

5HODWLYHZHLJKWVRIVSOHHQLQIHPDOHSDUHQWVIHGERWKOHYHOVRI<HDVWZHUHVLJQLILFDQWO\
LQFUHDVHGDQGDOWKRXJK%LR3URWHLQDOVRSURGXFHGDVLJQLILFDQWLQFUHDVH
%LR3URWHLQGLGQRW,QWKHRIIVSULQJRIERWK%LR3URWHLQJURXSVZHLJKWVZHUHVLJQLILFDQWO\
DQGGRVHGHSHQGHQWO\KLJKHUZKHQFRPSDUHGZLWKFRQWUROV

0LFURVFRSLFDOO\GRVHUHODWHGLQFUHDVHGPDFURSKDJHDFFXPXODWLRQLQWKHPHVHQWHULF
O\PSKQRGHVRIWKHUDWVWUHDWHGZLWK%LR3URWHLQZDVIRXQGUDQJLQJIURPPLQLPDOWR
PRGHUDWHLQGHJUHH7KHHIIHFWZDVPRUHSURQRXQFHGLQWKHPDOHUDWVWKDQLQWKHIHPDOH
UDWV+RZHYHULQRIIVSULQJWUHDWHGXSWRZHHNVRIDJHWKHLQFLGHQFHRIPDFURSKDJH
DFFXPXODWLRQLQWKHPHVHQWHULFO\PSKQRGHZDVJUDGHGIURPPLQLPDOWRVOLJKWDQGRQO\
DIIHFWHGDERXWRIWKHUDWVIHGZLWK%LR3URWHLQ

1RRWKHUWUHDWPHQWUHODWHGKLVWRORJLFDOFKDQJHVZHUHREVHUYHG

&RQFOXVLRQV'DLO\GLHWDU\DGPLQLVWUDWLRQRI%LR3URWHLQDQG
%UHZHU¶V<HDVWWR%UO+DQ:,67#0RO *$/$6 UDWVGXULQJWKHSUHPDWLQJJHVWDWLRQ
DQGODFWDWLRQGLGQRWVKRZDQ\DGYHUVHHIIHFWRQUHSURGXFWLRQ2FFDVLRQDOVLJQLILFDQW
GHFUHDVHLQWKHIRRGFRQVXPSWLRQLQERWKVH[HVGXULQJSUHPDWLQJSHULRGRISDUHQW
DQLPDOVZDVFRQVLGHUHGRIQRUHOHYDQFHIRUWKHUHSURWR[LFRORJLFDORXWFRPHRIWKHVWXG\
'DLO\GLHWDU\DGPLQLVWUDWLRQRI%LR3URWHLQDQG%UHZHU¶V<HDVWWR
RIIVSULQJXSWRWKHDJHRIZHHNVGLGQRWVKRZDQ\HIIHFWRQJURZWKDQGGHYHORSPHQW
%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU



SDJHRI

0LQRUFKDQJHVVHHQLQYDULRXVSDUDPHWHUVSDUWLFXODUO\PHVHQWHULFO\PSKQRGHVDQG
VSOHHQDUHFRQVLGHUHGWREHUHODWHGWRDQLPPXQHPHGLDWHGUHVSRQVHWRIHHGLQJRI
%LR3URWHLQ
4.2.3Study in Weanling Rats
7KLVVWXG\ZDVFRQGXFWHGDW6FDQWR[+HVWHKDYHYHM$(ME\'./LOOH
6NHQVYHG'HQPDUN7KHREMHFWLYHRIWKLVVWXG\ZDVWRREWDLQLQIRUPDWLRQRQWKHHIIHFW
RI%LR3URWHLQRQPDOHDQGIHPDOHMXYHQLOHUDWV
$FRS\RIWKHVWXG\UHSRUWLVSURYLGHGLQ$SSHQGL[ 6FDQWR[VWXG\QXPEHU
µ%LR3URWHLQ±6WXG\LQ-XYHQLOH5DWV¶ 
7KHREMHFWLYHRIWKHVWXG\ZDVLQYHVWLJDWHWKHHIIHFWVRILQWURGXFLQJ%LR3URWHLQLQWRWKH
GLHWRI\RXQJUDWVDWGLIIHUHQWDJHVDQGWRIXUWKHULQYHVWLJDWHWKHHIIHFWVRIUHWXUQLQJ
DQLPDOVWRWKHFRQWUROGLHWIRUDQH[WHQGHGSHULRGRIWUHDWPHQW
6WXG\GHVLJQ
7ZHQW\SUHJQDQWIHPDOH63):LVWDUUDWVRIWKHVWUDLQ%UO+DQ:,67#0RO *$/$6 
IURP7DFRQLF0 %$6'./LOOH6NHQVYHG'HQPDUNZHUHXVHGDVPRWKHUVWR
JLYHRIIVSULQJIRUDOORFDWLRQWRWKHYDULRXVWUHDWPHQWJURXSVDWZHDQLQJ ODFWDWLRQGD\
 7HQPDOHDQGIHPDOHRIIVSULQJZHUHDOORFDWHGWRHDFKRIVL[WUHDWPHQWJURXSV
7KHWUHDWPHQWVFRQVLVWHGRIYDULRXVGLHWDU\UHJLPHVDVIROORZV







&RQWURO FDVHLQ ZHDQLQJWRZHHNV
%LR3URWHLQZHDQLQJWRZHHNV
&RQWUROZHDQLQJWRZHHNV%LR3URWHLQWRZHHNV
&RQWUROWRZHHNV
&RQWUROWRZHHNV%LR3URWHLQWRZHHNV
&RQWUROWRZHHNV%LR3URWHLQWRZHHNV&RQWUROWRZHHNV

&OLQLFDOVLJQVZHUHUHFRUGHGGDLO\IRUDOOVHOHFWHGDQLPDOV%RG\ZHLJKWVZHUHUHFRUGHG
RQWKHGD\RIVHOHFWLRQ LHODFWDWLRQ'D\ DQGZHHNO\WKHUHDIWHU)RRGFRQVXPSWLRQ
ZDVUHFRUGHGZHHNO\WKURXJKRXWWKHVWXG\
3ULRUWRQHFURSV\EORRGVDPSOHVZHUHFROOHFWHGIRUWKHKDHPDWRORJ\DQGFRDJXODWLRQ
WHVWV%ORRGVDPSOHVZHUHDOVRFROOHFWHGIRUDQWLERG\DQDO\VLV VHH6HFWLRQ 
$IWHUFRPSOHWLRQRIWKHWUHDWPHQWSHULRGVDWRUZHHNVRIDJHDOODQLPDOVZHUH
VXEMHFWHGWRQHFURSV\/LYHUPHVHQWHULFO\PSKQRGHDQGVSOHHQSOXVDQ\DEQRUPDOLWLHV
ZDVFROOHFWHGZHLJKHGIL[HGDQGKLVWRORJLFDOH[DPLQDWLRQZDVSHUIRUPHGRQWKHVH
WLVVXHVRUJDQV
5HVXOWV
1RWUHDWPHQWUHODWHGFOLQLFDOVLJQVZHUHREVHUYHGGXULQJHQWLUHSHULRGRIWKHVWXG\
7KHUHZHUHQRVWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHVLQILQDOERG\ZHLJKWRUERG\ZHLJKW
JDLQDWRUZHHNVRIDJH2FFDVLRQDOVWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHVLQWKHERG\

%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU

SDJHRI

ZHLJKWRIPDOHVIRXQGGXULQJWKHHDUO\ZHHNVRIWKHVWXG\ZHUHDWWULEXWHGWRORZHUERG\
ZHLJKWVDWLQLWLDWLRQRIWKHWUHDWPHQWZKHQFRPSDUHGZLWKFRQWUROV
1RVWDWLVWLFDOO\VLJQLILFDQWJURXSPHDQGLIIHUHQFHZDVREVHUYHGLQWKHERG\ZHLJKWRI
WKHIHPDOHVDWDQ\WLPHSRLQWZKHQFRPSDUHGZLWKFRQWURO
)RRGFRQVXPSWLRQUHPDLQHGXQDIIHFWHGGXHWRWUHDWPHQWZLWK%LR3URWHLQGXULQJ
WKHHQWLUHSHULRGRIWKHVWXG\
$VWDWLVWLFDOO\VLJQLILFDQWLQFUHDVHLQWKHZKLWHEORRGFHOOV :%& DQGO\PSKRF\WHVLQ
WKHIHPDOHVRI*URXSZDVIRXQGZKHQFRPSDUHGZLWKFRQWUROV$WZHHNVRIDJH
SURWKURPELQWLPHLQERWKVH[HVRI*URXSVDQGZDVVWDWLVWLFDOO\VLJQLILFDQWO\KLJKHU
WKDQWKHFRQWUROV$W:HHNRIDJHDOVRDVWDWLVWLFDOO\VLJQLILFDQWO\LQFUHDVHLQ
SURWKURPELQWLPHDQGGHFUHDVHLQILEULQRJHQZDVREVHUYHGLQ*URXS+RZHYHUWKH
GLIIHUHQFHLQSURWKURPELQWLPHRQERWKRFFDVLRQVZDVPLQLPDOLQDEVROXWHWHUPVDQG
WKHUHIRUHLVFRQVLGHUHGWREHRIQRELRORJLFDOVLJQLILFDQFH
1RVLJQLILFDQWJURXSPHDQGLIIHUHQFHVZHUHQRWLFHGLQWKHRWKHUKDHPDWRORJ\SDUDPHWHUV
WHVWHGZKHQFRPSDUHGZLWKFRQWUROV
$WZHHNRIDJHDVWDWLVWLFDOO\VLJQLILFDQWLQFUHDVHLQZHLJKWVRIPHVHQWHULFO\PSK
QRGHV ERWKDEVROXWHDQGUHODWLYH ZDVVHHQLQWKHIHPDOHVRI*URXSVDQG$VLPLODU
HIIHFWLQPDOHVZDVREVHUYHGKRZHYHUWKHGLIIHUHQFHZDVVWDWLVWLFDOO\VLJQLILFDQWRQO\
IRUWKHDEVROXWHZHLJKWVRIPDOHVIURP*URXS
$WZHHNVRIDJHDVWDWLVWLFDOO\VLJQLILFDQWLQFUHDVHLQZHLJKWVRIPHVHQWHULFO\PSK
QRGHV ERWKDEVROXWHDQGUHODWLYH ZDVVHHQLQPDOHVRI*URXSVDQG$VLPLODUHIIHFW
ZDVREVHUYHGLQIHPDOHV+RZHYHUWKHJURXSPHDQGLIIHUHQFHEHFDPHVWDWLVWLFDOO\
VLJQLILFDQWRQO\LQ*URXS7KLVLQFUHDVHLQZHLJKWVRIPHVHQWHULFO\PSKQRGHVLQERWK
VH[HVVXJJHVWHGDWUHDWPHQWUHODWHGHIIHFW:HLJKWVIRUPHVHQWHULFO\PSKQRGHVLQ
*URXSZKLFKKDGEHHQUHWXUQHGWRWKH&DVHLQ&RQWUROGLHWIURPZHHNVRIDJHZHUH
VLJQLILFDQWO\ORZHUWKDQWKRVHRIDQLPDOVLQ*URXSLQGLFDWLQJUHYHUVLELOLW\RIWKH
HIIHFW
7DEOH:HLJKWVRIPHVHQWHULFO\PSKQRGHV
0 $EV
 5HO
)±$EV
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$EVROXWHDQGUHODWLYHVSOHHQZHLJKWVZHUHKLJKHULQERWKVH[HVRI*URXS+RZHYHU
PLFURVFRSLFHYDOXDWLRQUHYHDOHGQRWUHDWPHQWUHODWHGFKDQJHVLQWKHRUJDQ
1RVLJQLILFDQWJURXSGLIIHUHQFHVZHUHVHHQLQWKHOLYHUZHLJKWVRIWUHDWHGDQLPDOVZKHQ
FRPSDUHGZLWKFRQWUROVDWRUZHHNV
0LFURVFRSLFDOO\LQFLGHQFHRIPLQLPDOO\WRVOLJKWO\LQFUHDVHGPDFURSKDJHDFFXPXODWLRQ
ZDVUHFRUGHGLQWKHPHVHQWHULFO\PSKQRGHVRIIHPDOHUDWVRIHDFKRI*URXSVDQG

%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU

SDJHRI

+RZHYHUQRLQFUHDVHGDFFXPXODWLRQRIPDFURSKDJHVZDVUHFRUGHGLQWKHPHVHQWHULF
O\PSKQRGHVRIWKHPDOHVIURP*URXSVDQG
,QPDOHDQGIHPDOHUDWVRI*URXSPLQLPDOO\WRPRGHUDWHO\LQFUHDVHGPDFURSKDJH
DFFXPXODWLRQZDVUHFRUGHGLQWKHPHVHQWHULFO\PSKQRGHV1RLQFUHDVHGDFFXPXODWLRQ
RIPDFURSKDJHVZDVUHFRUGHGLQWKHPHVHQWHULFO\PSKQRGHVRIWKHPDOHVIURP*URXS
RULQWKHPHVHQWHULFO\PSKQRGHVRIWKHFRQWUROJURXS
&RQFOXVLRQV'DLO\GLHWDU\DGPLQLVWUDWLRQRI%LR3URWHLQWRWKHMXYHQLOHPDOHDQG
IHPDOHUDWVIURPWKHDJHRIZHHNVWRZHHNV *URXSDQG DQGIURPWKHDJHRI
ZHHNVWRZHHNV *URXS GLGQRWVKRZDQ\HIIHFWRQJURZWKRUGHYHORSPHQW0LQRU
FKDQJHVVHHQLQZKLWHEORRGFHOOVPHVHQWHULFO\PSKQRGHVDQGVSOHHQDUHFRQFOXGHGWR
EHUHODWHGWRLPPXQHPHGLDWHGUHVSRQVHVWRIHHGLQJRI%LR3URWHLQ7KHVWXG\DOVR
GHPRQVWUDWHGWKDWWKHVHFKDQJHVDUHUHYHUVLEOH
4.2.4Antibody Studies (Annex 18)
3URFHGXUHV
,QWKH6LQJOH*HQHUDWLRQ6WXG\EORRGVDPSOHVZHUHWDNHQSULRUWRQHFURSV\IURPDOO
PDOHDQGIHPDOHSDUHQWVDQGIURPDOORIIVSULQJUHWDLQHGWRZHHNVRIDJH,QDGGLWLRQ
PDOHDQGIHPDOHRIIVSULQJIURPWKH&RQWURODQG%LR3URWHLQJURXSVZHUH
LPPXQLVHGZLWK%LR3URWHLQE\LQWUDSHULWRQHDOLQMHFWLRQRQGD\VDQGRIWKLVSKDVHRI
WKHVWXG\%ORRGVDPSOHVZHUHWDNHQRQGD\DQGDWWHUPLQDWLRQRIWKHVHDQLPDOVRQGD\

,QWKH-XYHQLOHV6WXG\EORRGVDPSOHVZHUHWDNHQIURPDOODQLPDOVSULRUWRQHFURSV\2Q
WKHVHDQGWKHDERYHVDPSOHVVHUXPDQDO\VLVZDVXQGHUWDNHQIRU,J*,J*,J*DDQG
,J*$DQWLERGLHVWR%LR3URWHLQ
5HVXOWV
:KHUHDVSDUHQWDQLPDOVUHFHLYLQJ%LR3URWHLQKDGKLJKHUOHYHOVRIDQWLERGLHVWKDQWKH
&RQWUROVRIIVSULQJLQWKH%LR3URWHLQJURXSVVKRZHGQRLQFUHDVHUHODWLYHWRWKH&RQWUROV
7KHOHYHOVRIDQWLERGLHVWR%LR3URWHLQLQVHUXPIURPLPPXQLVHGUDWVIHG%LR3URWHLQ
ZHUHORZFRPSDUHGWRWKHOHYHOVLQWKHLPPXQLVHG&RQWUROUDWV7KHOHYHOVRI
%LR3URWHLQDQWLERGLHVZHUHQRWLQFUHDVHGRYHUWKHIHHGLQJSHULRGIURPWRGD\VRI
DJHLQGLFDWLQJQRLQFUHDVHLQUHVSRQVHZLWKWLPH
7KHVLJQLILFDQFHRIWKHDQWLERG\OHYHOVFRPSDUHGWRWKHOHYHOVLQUDWVIHGWKHFDVHLQ
&RQWUROGLHWZDVGHSHQGHQWRQWKHDJHRIWKHUDWV&RQWUROUDWVKDYHDORZOHYHORI
DQWLERGLHVUHDFWLQJZLWK%LR3URWHLQZKLFKPD\EHH[SODLQHGE\WKHH[LVWHQFHRIQRQ
VSHFLILFFURVVUHDFWLQJDQWLERGLHV7KHOHYHOZDVVKRZQWRLQFUHDVHZLWKDJHZKLFK
PD\EHDFRQVHTXHQFHRIDFRQWLQXRXVO\DQGPRUHGLYHUVHSURGXFWLRQRIDQWLERGLHV
WRZDUGVLQJHVWHGDQWLJHQVE\DJH
(DUO\SUHVHQWDWLRQRI%LR3URWHLQZDVDOVRVKRZQWRUHGXFHWKHLPPXQRORJLFDOUHVSRQVH
5DWVUHFHLYLQJ%LR3URWHLQIURPZHHNVRIDJHUHVSRQGHGZLWKDVLJQLILFDQWO\ORZHU
%LR3URWHLQDQWLERG\WLWUHWKDQDQLPDOVUHFHLYLQJ%LR3URWHLQIURPZHHNVRIDJH

%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU

SDJHRI

,Q%LR3URWHLQIHGRIIVSULQJRISDUHQWVIHG%LR3URWHLQQRVLJQLILFDQWOHYHORIDQWLERGLHV
ZDVIRXQG$OVRIROORZLQJLPPXQLVDWLRQRIRIIVSULQJUDWVIHG%LR3URWHLQKDGRQO\
VOLJKWO\LQFUHDVHG%LR3URWHLQDQWLERG\WLWUHV2QWKHRWKHUKDQGDYHU\KLJKUHVSRQVH
ZDVIRXQGLQ%LR3URWHLQLPPXQLVHG&RQWUROUDWV
7KHDQWLERG\UHVSRQVHWR%UHZHU¶V<HDVWLQWKHGLHWVHHPHGWRIROORZWKHVDPHWUHQGDV
WKDWREVHUYHGIRU%LR3URWHLQ+RZHYHUZLWK%UHZHU¶V<HDVWDPRUHSURQRXQFHG
DQWLERG\UHVSRQVHZDVREVHUYHG
&RQFOXVLRQV7KHDQWLERG\VWXG\LQGLFDWHVWKDWWKHUHDUHLPPXQHUHVSRQVHVLQUDWVWR
%LR3URWHLQDQG%UHZHUV<HDVWLQWKHGLHW(DUO\SUHVHQWDWLRQUHVXOWHGLQYHU\ORZOHYHOV
RI%LR3URWHLQUHDFWLQJDQWLERGLHVDQGWRWROHUDQFHGHYHORSPHQW7KLVLVVXSSRUWHGE\WKH
UHVXOWIURPERWKWKH6LQJOH*HQHUDWLRQDQG-XYHQLOHVVWXGLHV7KHVLJQLILFDQFHRIWKH
DQWLERG\OHYHOLQ%LR3URWHLQIHGUDWVZDVOHVVSURQRXQFHGIRUWKHUDWVDWZHHNVRIDJH
WKDQDWZHHNVRIDJHDQGLWZDVVLJQLILFDQWO\ORZHUWKDQREVHUYHGIRULPPXQLVHG
&RQWUROUDWV

%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU

SDJHRI




',6&866,21

7KHQHZVWXGLHVLQIDUPDQLPDOVLQFOXGLQJIDUPHGVDOPRQGHPRQVWUDWHWKDW%LR3URWHLQ
LVZHOOWROHUDWHGE\WKHWDUJHWVSHFLHVDQGSURGXFHVJRRGSHUIRUPDQFHXQGHUFRQWUROOHG
DQGFRPPHUFLDOFRQGLWLRQV

7KHUHVXOWVIXUWKHUFRQILUPWKDW%LR3URWHLQLVDIHHGLQJUHGLHQWRIKLJKQXWULWLRQDOYDOXH
WKDWVXSSRUWVJRRGZHLJKWJDLQIRRGXWLOLVDWLRQDQGFOLQLFDOKHDOWK,QWKHVDOPRQWULDO
WKHUHZDVDQLPSURYHGSHUIRUPDQFHDVWKHLQFOXVLRQRI%LR3URWHLQLQFUHDVHGWRWKH
PD[LPXPGLHWDU\OHYHORI7KHUHZHUHQRDGYHUVHKHDOWKHIIHFWVDWWULEXWDEOHWR
%LR3URWHLQDQGSDWKRORJ\XQGHUWDNHQRQSLJVDQGEURLOHUFKLFNHQVJDYHQRLQGLFDWLRQRI
DQ\DGYHUVHHIIHFWV7KLVDEVHQFHRIHIIHFWVLQFOXGHGH[DPLQDWLRQRIH[DPLQDWLRQRI
WLVVXHVLQYROYHGLQWKHLPPXQHV\VWHP

7KHUHVXOWVRIQHZVWXGLHVLQUDWVWKURZIXUWKHUOLJKWRQWKHUHVSRQVHVRULJLQDOO\VHHQLQ
VWXG\RQQXFOHLFDFLGUHGXFHGH[SHULPHQWDOPDWHULDODQGVHHQWRDPXFKOHVVHUGHJUHHLQ
FRPPHUFLDOO\SURGXFHG%LR3URWHLQ

%LR3URWHLQVXSSRUWHGJRRGUHSURGXFWLYHSHUIRUPDQFHJURZWKDQGGHYHORSPHQWRI
DQLPDOVLQWKHVHVWXGLHVZLWKDEVHQFHRIDQ\DGYHUVHFOLQLFDOVLJQV

7KHSULQFLSDOILQGLQJZDVDQHQODUJHPHQW LQFUHDVHGZHLJKW RIPHVHQWHULFO\PSKQRGHV
DFFRPSDQLHGE\DGHJUHHRIPDFURSKDJHDFFXPXODWLRQLQWKHO\PSKQRGHV7KHUHZHUH
QRRWKHUKLVWRORJLFDOFKDQJHVRIVLJQLILFDQFHLQWKHRUJDQVH[DPLQHG3DUHQWUDWVLQWKH
6LQJOH*HQHUDWLRQ6WXG\H[KLELWHGHQODUJHGO\PSKQRGHVLQWKH%LR3URWHLQDQG%UHZHU¶V
<HDVWJURXSVZKHUHDVLQRIIVSULQJUHWDLQHGWRZHHNVRIDJHVLJQLILFDQWLQFUHDVHV
RFFXUUHGLQ%LR3URWHLQIHGPDOHVRQO\0LQLPDOWRVOLJKWPDFURSKDJHDFFXPXODWLRQZDV
VHHQLQRQO\RIWKHUDWV,WLVLQWHUHVWLQJWKDWWKHUHVSRQVHVWR%UHZHU¶V<HDVWVHHQLQ
WKHUHFHQWVWXG\ZHUHRIWKHVDPHRUGHURUVOLJKWO\OHVVWKDQ%LR3URWHLQZKHUHDVLQWKH
HDUOLHUZHHNVWXG\WKHUHVSRQVHWR%UHZHU¶V<HDVWZDVPXFKPRUHVHYHUHDQG
FRPSDUDEOHWRWKHQXFOHLFDFLGUHGXFHGPDWHULDO

,QWKH-XYHQLOHV6WXG\O\PSKQRGHHIIHFWVZHUHUHGXFHGE\LQWURGXFWLRQRI%LR3URWHLQDW
ZHDQLQJDVRSSRVHGWRZHHNVODWHUDQGZHUHUHYHUVLEOHZKHQUDWVZHUHUHWXUQHGWRWKH
FRQWUROGLHWDIWHUZHHNVRIDJH

7KHVHUHVXOWVFRXSOHGZLWKWKHDQWLERG\GDWDIURPUDWVLQERWKVWXGLHVOHDGWRDQ
LPSURYHGXQGHUVWDQGLQJRIWKHUHVSRQVHVWR%LR3URWHLQVHHQLQWKHUDW

1RFKDQJHVZHUHREVHUYHGLQWDUJHWVSHFLHV SLJVEURLOHUFKLFNHQVDQG$WODQWLFVDOPRQ 
H[SRVHGWR%LR3URWHLQ,QVRPHLQYHVWLJDWLRQVDQHQODUJHPHQWRIPHVHQWHULFO\PSK
QRGHVKDVEHHQUHFRUGHGWKDWZDVDFFRPSDQLHGLQVRPHLQVWDQFHVE\DPLQLPDOWR
PRGHUDWHDFFXPXODWLRQZLWKLQO\PSKQRGHVRIPDFURSKDJHV6RPHGHJUHHRIPHVHQWHULF
O\PSKQRGHHQODUJHPHQWZDVREVHUYHGZLWKDFRQWUROSURWHLQVRXUFH%UHZHU¶V<HDVW
ZKLFKLVFRQVLGHUHGVDIH,WLVQRWFOHDUWKDWWKHFKDQJHVREVHUYHGLQO\PSKQRGHVDUH
DQ\WKLQJRWKHUWKDQDUHIOHFWLRQRIWKHIDFWWKDWH[SRVXUHRIPDWXUHDQLPDOVWRODUJH
DPRXQWVRIDIRUHLJQSURWHLQVRXUFHIRUWKHILUVWWLPHLVDVVRFLDWHGZLWKLPPXQH
DFWLYDWLRQLQGUDLQLQJO\PSKQRGHV7KHGDWDREWDLQHGZLWK%UHZHU¶V<HDVWDUH
FRQVLVWHQWZLWKWKLVLQWHUSUHWDWLRQ0RUHRYHULWLVLPSRUWDQWWRHPSKDVLVHWKDWQRVXFK
FKDQJHVZHUHREVHUYHGLQWKHUHOHYDQWWDUJHWVSHFLHV

%LR3URWHLQGRVVLHU±1RUIHUP$6±2FWREHU



SDJHRI

$VLQGLFDWHGDERYHH[SRVXUHRILPPXQRORJLFDOO\PDWXUHDQLPDOVWRDQHZGLHWDU\
SURWHLQVRXUFHLQODUJHDPRXQWVPLJKWEHH[SHFWHGWRUHVXOWLQWKHHOLFLWDWLRQRIDVSHFLILF
LPPXQHUHVSRQVH
2QHRIWKHIDFWRUVJRYHUQLQJLPPXQHUHFRJQLWLRQRIDQGUHVSRQVHVWRIRRGSURWHLQVLV
LPPXQRORJLFDOWROHUDQFH7KLVLVEHVWGHVFULEHGDVDQLPPXQRORJLFDO
K\SRUHVSRQVLYHQHVVWRGLHWDU\SURWHLQVWKDWDLGVLQSUHYHQWLQJXQQHFHVVDULO\YLJRURXVRU
LQDSSURSULDWHLPPXQHUHDFWLRQVWRIRRGFRPSRQHQWV7KLVLPPXQRORJLFDOVDIHW\
PHDVXUHLVPRVWHIIHFWLYHLQOLPLWLQJUHVSRQVHVWRIRRGSURWHLQVH[SHULHQFHGQHRQDWDOO\
+RZHYHUJLYHQWKDWRUDOWROHUDQFHLVUDUHO\FRPSOHWHLWFRPHVDVQRVXUSULVHWKDWIRRG
SURWHLQVSHFLILF,J*DQWLERGLHVDUHIRXQGLQQRUPDOVXEMHFWVZLWKQRKLVWRU\RIIRRG
DOOHUJ\RUDGYHUVHUHDFWLRQVWRIRRGRUIRRGFRPSRQHQWV,QGHHGLWLVOLNHO\WKHFDVHWKDW
WKHHODERUDWLRQRIDQ,J*DQWLERG\UHVSRQVHLVWKHQRUPDOFRQVHTXHQFHRIGLHWDU\
H[SRVXUHWRIRRGSURWHLQVSDUWLFXODUO\ZKHQDIRRGSURWHLQLVH[SHULHQFHGIRUWKHILUVW
WLPHDIWHULQIDQF\
$JDLQVWWKLVEDFNJURXQGH[SHULPHQWVZHUHFRQGXFWHGWRH[DPLQHWKHLQGXFWLRQLQUDWV
RILPPXQHUHVSRQVHVWRGLHWDU\%LR3URWHLQ,QDVWXG\RIMXYHQLOHDQLPDOV,J*DQG,J$
DQWLERG\UHVSRQVHVZHUHPHDVXUHGDWYDULRXVSHULRGVIROORZLQJH[SRVXUHWR%LR3URWHLQ
5DWVWKDWUHFHLYHG%LR3URWHLQ  LQWKHLUGLHWVFRQWLQXRXVO\IURPWRZHHNVRI
DJHGLVSOD\HGRQO\UHODWLYHO\ORZJUDGHVHUXPDQWLERG\FRQFHQWUDWLRQVDWZHHNV
6RPHZKDWKLJKHUDQWLERG\UHVSRQVHVZHUHVHHQLQUDWVWKDWUHFHLYHGWKHVDPHGLHWDU\
FRQFHQWUDWLRQVRI%LR3URWHLQIURPZHHNVWRZHHNVRIDJH7KXVLQWKLVODWWHUJURXS
GHVSLWHDORZHUWRWDOFXPXODWLYHGLHWDU\H[SRVXUHE\ZHHNVRIDJHOHYHOVRIDQWLERG\
ZHUHIRXQGWREHKLJKHU7KHVHGDWDDUHWKHUHIRUHFRQVLVWHQWZLWKWKHYLHZWKDWILUVW
H[SRVXUHWRDQRYHOGLHWDU\SURWHLQODWHULQOLIHLVOLNHO\WRSURYRNHDPRUHYLJRURXV
DQWLERG\UHVSRQVH7KHFRUROODU\LVWKDWLQWKLVLQVWDQFHH[SRVXUHHDUOLHULQ
GHYHORSPHQWUHVXOWHGLQRQO\PRGHVWDQWLERG\UHVSRQVHVGHVSLWHDKLJKHUWRWDO
FXPXODWLYHH[SRVXUHRYHUDZHHNVSHULRG
)XUWKHUVXSSRUWIRUWKLVGHULYHGIURPVHURORJLFDOVWXGLHVSHUIRUPHGLQWKHFRQWH[WRID
VLQJOHJHQHUDWLRQUDWVWXG\,QWKH)JHQHUDWLRQVWKHUHZHUHPRGHVW,J*DQG,J$
DQWLERG\UHVSRQVHVWR%LR3URWHLQ+RZHYHULQWKH)JHQHUDWLRQ ERUQWRGDPV
H[SRVHGWR%LR3URWHLQ VSHFLILFDQWLERG\UHVSRQVHVZHUHUHGXFHGRUDEVHQW
)LQDOO\DVPDOOVHULHVRIH[SHULPHQWVZHUHFRQGXFWHGLQZKLFKWKHLPSDFWRIGLHWDU\
H[SRVXUHWR%LR3URWHLQRUWRDFRQWUROSURWHLQ FDVHLQ RQWKHVXEVHTXHQWVWLPXODWLRQRI
VSHFLILFLPPXQHUHVSRQVHVIROORZLQJLPPXQLVDWLRQZLWK%LR3URWHLQZHUHH[DPLQHG
7KHGDWDFOHDUO\UHYHDOHGWKDWDQLPDOVWKDWKDGUHFHLYHGGLHWDU\%LR3URWHLQIURPZHHNV
RIDJHZHUHVLJQLILFDQWO\OHVVDEOHWKDQFRQWURO FDVHLQIHG UDWVWRUHVSRQG
LPPXQRORJLFDOO\WRWKHVDPHSURWHLQ7KHLQWHUSUHWDWLRQLVWKDWH[SRVXUHRI\RXQJUDWVWR
GLHWDU\%LR3URWHLQFDXVHGLPPXQRORJLFDOK\SRUHVSRQVLYHQHVV LPPXQRORJLFDO
WROHUDQFH UHVXOWLQJLQDVLJQLILFDQWLQKLELWLRQRUFRPSOHWHDEVHQFHRIVSHFLILFLPPXQH
UHVSRQVHVWRWKHVDPHSURWHLQIROORZLQJFKDOOHQJHODWHULQOLIH
&ROOHFWLYHO\WKHVHGDWDLQGLFDWHGLHWDU\H[SRVXUHWR%LR3URWHLQRIDGXOWUDWV WKDWKDYH
QRWSUHYLRXVO\H[SHULHQFHGWKLVSURWHLQ UHVXOWVLQDQLPPXQHUHVSRQVH7KLVLVDQRUPDO
UHVSRQVHWKDWZRXOGEHH[SHFWHGIROORZLQJILUVWH[SRVXUHRIDGXOWDQLPDOVWRDQRYHO
SURWHLQWKDWKDGQRWSUHYLRXVO\EHHQH[SHULHQFHGLQWKHGLHWRUGXULQJGHYHORSPHQWLQ
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XWHURRUGXULQJODFWDWLRQ7KLVYLHZLVVXSSRUWHGE\WKHUHVXOWVREWDLQHGIURPIHHGLQJ
%UHZHU¶V<HDVWZKLFKDOVRZRXOGKDYHEHHQµQRYHO¶WRWKHUDWV
,WKDVEHHQVXJJHVWHGWKDWWKHIDLOXUHRIUDWVH[SRVHGHDUO\LQOLIHWR%LR3URWHLQWR
UHVSRQGWRDVXEVHTXHQWLPPXQLVDWLRQZLWKWKHVDPHSURWHLQODWHULQOLIHZLWKDQRUPDO
LPPXQHUHVSRQVHPLJKWEHVXJJHVWLYHRILPPXQRWR[LFLW\RUQRQVHOHFWLYH
LPPXQRVXSSUHVVLRQ7KHUHDUHWZRLPSRUWDQWSRLQWVWRPDNH  WKHUHGXFHG
LPPXQRORJLFDOUHVSRQVLYHQHVVWR%LR3URWHLQDVGHVFULEHGDERYHLVZKROO\FRQVLVWHQW
ZLWKVSHFLILFRUDOWROHUDQFHWRDGLHWDU\SURWHLQH[SHULHQFHGQHRQDWDOO\RUHDUO\LQOLIH
DQG  WKDWHYLGHQFHIURPDOOVWXGLHVLQDOOVSHFLHVWHVWHGZLWK%LR3URWHLQLQGLFDWHV
YHU\FOHDUO\WKDWWKHUHDUHQRDOHUWVZKDWVRHYHUIRULPPXQRWR[LFLW\RU
LPPXQRVXSSUHVVLRQ7KXVIRULQVWDQFHWKHUHDUHQRKDHPDWRORJLFDOSDUDPHWHUV
VXJJHVWLYHRILPPXQRVXSSUHVVLRQ DQGLPSRUWDQWO\QRFKDQJHVLQOHXNRF\WHQXPEHUV 
DQGQRFKDQJHVWRWKHPDMRUO\PSKRLGRUJDQV7KHFRQFOXVLRQGUDZQLVWKDW%LR3URWHLQ
LVZLWKRXWDGYHUVHHIIHFWVRQWKHLPPXQHV\VWHPDQGIDLOVWRLQGXFHLPPXQRWR[LFLW\RU
LPPXQRVXSSUHVVLRQ
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&21&/86,216
%LR3URWHLQLVIXUWKHUFRQILUPHGWRJLYHYHU\JRRGSHUIRUPDQFHLQWDUJHWDQLPDOVLH
ZHDQHGSLJOHWVIDWWHQLQJSLJVEURLOHUFKLFNHQVDQGIDUPHG$WODQWLFVDOPRQ7KHUHZHUH
QRDGYHUVHKHDOWKHIIHFWVLQWKHVHVSHFLHVDVFRQILUPHGE\SDWKRORJLFDODVVHVVPHQW
7KHUHFHQWUDWVWXGLHVGHPRQVWUDWHGWKDW%LR3URWHLQVXSSRUWVQRUPDOUHSURGXFWLYH
SHUIRUPDQFHDQGQRUPDOJURZWKDQGGHYHORSPHQWLQRIIVSULQJRUMXYHQLOHUDWVZKHUH
%LR3URWHLQZDVLQWURGXFHGLQWRWKHGLHWDWRUVRRQDIWHUZHDQLQJ,QFUHDVHGZHLJKWRI
PHVHQWHULFO\PSKQRGHVDFFRPSDQLHGE\ORZJUDGHPDFURSKDJHDFFXPXODWLRQLQVRPH
DQLPDOVLVEHOLHYHGWREHDUHVXOWRIDQLPPXQHUHVSRQVHWRDQXQIDPLOLDULQJUHGLHQW
7KHHIIHFWZDVVKRZQWREHUHYHUVLEOHDIWHUZLWKGUDZDORIWKH%LR3URWHLQGLHW
7KHODERUDWRU\UDWDSSHDUVWREHSDUWLFXODUO\VHQVLWLYHLQLWVLPPXQHUHVSRQVHVDQGPD\
QRWEHDQDSSURSULDWHPRGHOZKHQDVVHVVLQJWKHVXLWDELOLW\RI%LR3URWHLQIRUIDUP
DQLPDOV1RVXFKUHVSRQVHVZHUHVHHQLQWKHWDUJHWIDUPDQLPDOV
,WLV1RUIHUPCVRSLQLRQWKDWWKHQHZVWXGLHVSUHVHQWHGLQWKLV'RVVLHUDORQJZLWKWKRVH
FRQGXFWHGSUHYLRXVO\IXUWKHUFRQILUPVWKDW%LR3URWHLQLVVDIHIRUXVHLQDQLPDOIHHG
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$11(; &KHPLFDODQG3K\VLFDO$QDO\VLVFRPSDULVRQRIFRPPHUFLDO%LR3URWHLQ
DQGQXFOHLFDFLGUHGXFHGH[SHULPHQWDOVDPSOH

$11(; 3XEOLFDWLRQE\0¡OFNHWDO³,PPXQRWR[LFLW\RIQXFOHLFDFLGUHGXFHG
%LR3URWHLQDEDFWHULDOGHULYHGVLQJOHFHOOSURWHLQLQ:LVWDUUDWV´
7R[LFRORJ\  

$11(; 3XEOLFDWLRQE\&KULVWHQVHQHWDO³7KHRUDOLPPXQRJHQLFLW\RI
%LR3URWHLQDEDFWHULDOVLQJOHFHOOSURWHLQLVDIIHFWHGE\LWVSDUWLFXODWH
QDWXUH´%ULWLVK-RXUQDORI1XWULWLRQ  

$11(; ³%LR3URWHLQLQGLHWVIRUSLJOHWV´.DUL+HOJD.O¡YVWDG1RUJHVIzU2VOR
1RUZD\

$11(; ³%LR3URWHLQLQGLHWVIRUSLJOHWV*URVVDQGKLVWRSDWKRORJLFDO
H[DPLQDWLRQ´7KRU/DQGVYHUN1RUZHJLDQ6FKRRORI9HWHULQDU\
6FLHQFH


$11(; ³(IIHFWRI%LR3URWHLQRQJURZWKSHUIRUPDQFHRIIDWWHQLQJSLJV´%\
+DOOJHLU6WHUWHQ)HOOHVNM¡SHW)zUXWYLNOLQJ7URQGKHLP1RUZD\



$11(; ´+LVWRSDWKRORJLFDOH[DPLQDWLRQRIRUJDQVFROOHFWHGIURPDIHHGLQJWULDO
ZLWK%LR3URWHLQ´%\7KRU/DQGVYHUN1RUZHJLDQ6FKRRORI9HWHULQDU\
6FLHQFH


$11(; ³)LHOGWULDOZLWK%LR3URWHLQLQFRRSHUDWLRQZLWK)HOOHVNM¡SHW
)zUXWYLNOLQJ´%\,QJHU-RKDQQH.DUOHQJHQ'HSWRI$QLP6FL
$JULFXOWXUDO8QLYRI1RUZD\

$11(; ³%URLOHUFKLFNHQWULDOZLWK%LR3URWHLQ´%\+)6FK¡\HQ++HWODQGDQG
$QGHUV6NUHGH$J8QLYRI1RUZD\DQG7/DQGVYHUN1RUZHJLDQ
6FKRRORI9HWHULQDU\6FLHQFH

$11(; ³1HFURSV\UHSRUW7ULDOVZLWKEDFWHULDOSURWHLQ´%\7KRU/DQGVYHUN
1RUZHJLDQ6FKRRORI9HWHULQDU\6FLHQFH

$11(; ³%LR3URWHLQLQGLHWVIRUFKLFNHQ*URVVDQGKLVWRSDWKRORJLFDO
H[DPLQDWLRQ´%\7KRU/DQGVYHUN1RUZHJLDQ6FKRRORI9HWHULQDU\
6FLHQFH
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$11(; ³%DFWHULDOSURWHLQDVDSURWHLQVRXUFHLQGLHWVIRU$WODQWLFVDOPRQ 6DOPR
VDODU ´%\7%$DV%*ULVGDOH+HOODQG%)7HUMHVHQDQG6-+HOODQG
$NYDIRUVN,QVWRI$TXDFXOWXUH5HVHDUFK6XQQGDOV¡UD1RUZD\
$11(; 3XEOLFDWLRQE\YHUODQGHWDO$JUL8QLYRI1RUZD\³%DFWHULDO3URWHLQ
*URZQRQ1DWXUDO*DVDV)HHGIRU3LJV´$FWD$JULF6FDQ6HFW$
$QLPDO6FL  ±
$11(; 3XEOLFDWLRQE\6NUHGHHWDO³7KHHIIHFWRIEDFWHULDOSURWHLQJURZQRQ
QDWXUDOJDVRQJURZWKSHUIRUPDQFHDQGVHQVRU\TXDOLW\RIEURLOHU
FKLFNHQV´&DQDGLDQ-RXUQDORI$QLPDO6FLHQFH  
$11(; 3XEOLFDWLRQE\6NUHGHDWDO´%DFWHULDO3URWHLQ3URGXFHGRQ1DWXUDO*DV
$1HZ3RWHQWLDO)HHG,QJUHGLHQWIRU'RJV(YDOXDWHG8VLQJWKH%OXH)R[
DVD0RGHO´-1XWU6±6
$11(; ³2QH*HQHUDWLRQ5HSURGXFWLRQ6WXG\LQ5DWV´6FDQWR[6WXG\1R
$11(; ³6WXG\LQ-XYHQLOH5DWV´6FDQWR[6WXG\1R
$11(; ³%LR3URWHLQ$QWLERG\5HVSRQVHVLQ)HHGLQJ6WXGLHV´5HSRUWE\+HOOH1
7KHVWUXS1RUIHUP'HQPDUN$6
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I.

Introduction
The purpose of this amendment is to address questions raised by the U.S. Food and
Drug Administration’s (FDA) Center for Veterinary Medicine (CVM) during the March 11,
2021 teleconference, and corresponding meeting minutes (dated March 12, 2021), regarding the
February 28, 2020 submission of the Generally Recognized As Safe (GRAS) Notice for
Calysta, Inc.’s Dried Methylococcus capsulatus Product (hereinafter “FeedKind®”). A first
amendment was submitted on July 17, 2020 and the GRASN was filed on August 13, 2020 and
designated as GRAS Notice No. AGRN 40. This second amendment specifically addresses
CVM’s questions regarding the identity, method of manufacture, and specifications for
FeedKind®, as well as the identity, method of manufacture, and specifications for the raw
materials used in the continuous fermentation process.
For clarity, we have repeated CVM’s questions in bold below, followed by our
responses.
a. DRIED MCP QUESTIONS AND COMMENTS
IDENTITY AND COMPOSITION OF DRIED MCP
1. The notifier should quantify the contents of constituents that account for nearly
100% of the composition. For example, the percent composition determined as the
sum of quantified constituents (crude protein, crude fat, crude fiber, moisture and
minerals) is 90.5%. The percent composition is 94.3%, when ash is used in place of
minerals content. Examples of constituents that may significantly contribute to the
composition are inorganic compounds (anions/cations such as sulfate, nitrate),
carbohydrates and organic acids. In addition, crude protein corresponds to
approximately 73.46% of the biomass, but the sum of amino acids ranges from 56.48
to 60.7%, averaging 59.26%. Thus, there is approximately 14.2% non-protein
nitrogen present. The presence of nucleic acid, nucleotides, biogenic amines, and
similar nitrogenous entities that are commonly present in fermentation biomass
products is not addressed in the notice and should be discussed.

In addition, the notice does not contain the contents of certain mineral anions and
cations that could contribute to the composition. For example, based on the batch
analysis summarized in Table 6 in the notice, the average mineral content, which is
2.9 g/100g, is derived mainly from the contents of sodium, calcium and phosphorus.
However, because the source of calcium is calcium chloride, the contents chloride
could be significant. Furthermore, the molybdate content may be significant as one
of the sources of sodium is sodium molybdate dihydrate. And, phosphorus mainly
exists as phosphate, which contains four oxygen atoms. In addition, several mineral
nutrients added to the fermenter provide a source of sulfate, which is not accounted
for.
The reported composition for the three submitted lots ranges from 93.9-94.6%. The
unaccounted for 5-6% is primarily composed of soluble carbohydrates. Calysta has developed
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laboratory scale data indicating that typical carbohydrate content is approximately 8%. A
summary of the lab scale test is provided here:
Calysta used levels of levulinate after hydrolysis to estimate total carbohydrate levels in
the form of glycogen, glucose, or other sugars. Calysta prepared multiple samples of biomass, all
of 0.35g of biomass. Glucose was spiked into samples at different concentrations to estimate
carbohydrate losses during the conversion to levulinate. 0, 5, 25, 50, and 100 ug of glucose were
added.
All samples were subjected to acid hydrolysis and assayed for levulinate (the
degradation product of glucose/glycogen). Glucose (6C) is decomposed to Levulinate (5C)
according to the molar ratio:
levulinate/Glucose C5H8O3/C6H12O6 = 116.1/180 = 116.1/180 = 0.645
Ten replicates of biomass sample (no spiked glucose) showed an average concentration
of 0.638% levulinate. Values from spiked samples showed an 8.05% recovery rate. Average
levulinic acid in Wild type biomass (n=10) is 6.38 g/kg, with recovery of 8.05% it brings
levulinic before analysis to 79.25 g/kg. This is the sum of decomposed glucose, glycogen and
any other glucose containing sugars in the biomass.
Table 1: Summary of Lab Scale Test
1 OD
pellet
(ug)
350
350
350
350
350

Theoretical
Levulinate from
Glucose Spike (ug/
Levulinate from
pellet (ug)
sample)
Glucose (ug)
0
5
25
50
100

0.0
3.2
16.1
32.3
64.5

0.76
0.76
0.76
0.76
0.76

Theoretical
Levulinate from
Glucose and
Biomass (ug)

Assay of
Levulinate
from Glucose
and Biomass
(ug)

0.76
3.99
16.89
33.01
65.27

0.76
1.105
2.2
3.395
6.01
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Figure 1: Assay Levulinate from Glucose and Biomass (ug)

While Calysta does not directly test for carbohydrates (beyond fiber), the remaining
product not accounted for by the current specifications is expected to be carbohydrates, and this
is supported by the laboratory scale data above. Because of the nature of the product, the
expected inaccuracy of available methods, and because of FeedKind®’s intended function
(sources of protein), we believe it to be unnecessary to go through method development and
validation for such an analysis. For nitrogen, CVM has indicated that the firm should discuss the
approximately 14% of nitrogen content not accounted for by the protein content. The DUMAS
method employed by Calysta to determine “crude protein” will indeed report results for all
nitrogen containing compounds such as nucleic acids and biogenic amines. From the previously
submitted stability results, we know that biogenic amine content ranges from 3,000-5,000 ppm
(0.3-0.5%). The remaining nitrogen content is nucleic acids. While Calysta does not assay for
nucleic acid content this level is consistent with a microbial biomass products in general and
FeedKind® specifically as illustrated in Skrede et al. 1998 (cited in AGRN 40) which indicates a
nucleic acid content of ~9.5%. Further, this would not present a safety concern to animals and
would be broken down in the animal’s digestive tract and not passed into the human food supply.
CVM has asked for clarity regarding the mineral content. Phosphorus is reported as
elemental phosphorus. When accounting for the fact that phosphorus is typically present as
phosphate (PO4), it accounts for approximately 4-5g/100g of product. Chloride is reported as salt
content. Molybdenum is expected to be present in FeedKind® at approximately 8-12mg/kg
based on microbial media usage rates, and therefore we do not believe analysis for molybdate
content is required.
MANUFACTURE
2. The amendment dated July 17, 2020 states that periodic testing conducted during
the manufacture includes analyses of potential heavy metal contaminant
concentration in the continuous fermentation run, including testing for lead (Pb),
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cadmium (Cd), and arsenic (As). The firm should explain why mercury is not
included in periodic testing.
Mercury is not included in periodic testing because as noted in the first amendment
GDWHG-XO\ &DO\VWDKDVVHWDSHUORWVSHFLILFDWLRQIRUPHUFXU\RISSP$VHYHU\
lot is tested for mercury, the firm did not see a need to test periodically. We are also providing
mercury testing data for the three lots provided as batch analyses in AGRN 40 in Table 2 below.
Table 2: Mercury Content of AGRN 40 Batches
TEES 09/63

TEES 09/84

TEES 09/102

(b) (4)

Mercury (mg/kg)

3. The notice states that natural gas and solutions of minerals are passed through
appropriate filters when fed into the fermenter. However, it is not clear what
contaminants and impurities are removed by these filters. This should be explained.
The filter used is a 0.2um filter intended to remove microbial contaminants from the
components used in the fermentation media prior to addition to the fermenter.
BATCH ANALYSIS AND SPECIFICATIONS
4. Based on information summarized in Table 2 of the notice, it is not clear that the
viability of the production organism and the three heterotrophic microorganisms are
reduced by 2 orders of magnitude (2 log units). For example, Table 2 does not show
the identity of the microorganisms for which the test results are obtained; and, the
notice does not contain a description of the conditions used to grow the
microorganisms, which should be optimal for the specific microorganism. The
notifier should provide data and information demonstrating that the production
organism and the three heterotrophic microorganisms are not viable in the notified
substance using validated methods. This information should detection. We note that
pH and temperature during the continuous fermentation are maintained at 6.2 ± 0.5
and 45°C ± 5°C, respectively.
The total plate count method utilized for testing of each batch allows for enumeration of
both remaining heterotrophic organism from the production run as well as any potential
contaminating microorganisms. This method is based on EN ISO 4833:2013 and is validated for
use in animal feed. Internally, Calysta uses plate count agar (PCA) to culture the 3 heterotrophic
organisms. Typical time and temperature is 45°C for 24 hours. Sciantec Analytical, the United
Kingdom-based laboratory that tested Calysta’s sample lots, utilizes an aerobic plate count
method based on EN ISO 4833:2013 which also utilizes PCA as a growth medium. Typical time
and temperature is 37°C for 72 hours. While this growth temperature is below that utilized by
Calysta internally, any remaining viable heterotrophic production organisms will be enumerated
by this method.
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M. capsulatus is not captured by this test method as it requires a carbon source containing
only a single carbon (i.e. methane or methanol) for growth. M. capsulatus is difficult to culture in
a way which would easily permit enumeration on a per lot basis. To address this, Calysta has
developed internal data which indicates that M. capsulatus is entirely inactivated by the heat
treatment process employed during production. Figure 2 indicates that M. capsulatus is
inactivated in as little as 30 seconds at 75°C. The included heat kill data combined with the total
plate count specification clearly indicates that the conditions of manufacture for FeedKind®
reduce the number of viable production organisms by more than 2 logs (99%).
Figure 2: M. capsulatus Heat Kill Curve
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SPECIFICATIONS
5. The notifier should provide a specification acceptance criterion for maximum
mesophilic aerobic plate count, mold count, yeast count and ash content that are
more closely aligned with the batch analysis results. The specification acceptance
criterion for mesophilic aerobic plate count (500,000 colony forming units per gram
(CFU/g)) is 500 times larger than that observed in the batch analysis (1,000 cfu/g);
And, it does not include a maximum limit. Furthermore, the notifier should clarify if
the manufacturing process includes an “Ultra High Temperature (UHT)” heating
step. When the notified substance undergoes a UHT step, average total aerobic plate
6

count is less than 1000 CFU/g, but if the UHT treatment is not done, the total aerobic
plate count can reach 170,000 CFU/g. The specification acceptance criteria for mold
count (5,000 CFU/g) is more than 2 logs greater than the batch analysis results. The
specification acceptance criteria for yeast count (5,000 CFU/g) is more than 4 times
greater than the batch analysis results. The specification acceptance criteria for ash
FRQWHQWLVVLJQLILFDQWO\KLJKHUWKDQDVKFRQWHQWGHWHUPLQHGLQWKHEDWFK
analysis, which is in the range of 6.0% to 7.4%.
First, it is unclear what CVM would consider an “ultra-high temperature” heating step.
Table 1 in AGRN 40 indicates the time and temperatures during the production process and
includes a “heat treatment” step which is 121°C for 1-2 minutes and further “evaporator” and
“spray dryer” steps which occur at 80°C for a total of 5-11 minutes. The tests on batches which
did not undergo the “heat treatment” step were conducted and included in order to better
understand the effects of the “heat treatment” step and to give CVM additional comfort that this
step results in at least a 2 log reduction in viable production organisms. Calysta agrees that the
specification acceptance criteria for maximum mesophilic plate counts and mold and yeast
counts should be lowered and clarified. Calysta agrees to set the specification for mesophilic
SODWHFRXQWWRFIXJFIXJIRUPROGDQGFIXJIRU\HDVW&DO\VWD
believes that as there is no safety concern with this level (or indeed at higher levels) and this
specification is suitable to ensure safety for a microbial biomass product while still giving the
firm the flexibility necessary given the inherent variability of microbial testing. Calysta further
notes that while the counts for these specifications were very low for the submitted batches, these
numbers represent the low end typically seen. For ash, Calysta would note that ash content
represents residual mineral content and due to the nature of the product (a microbial fermentation
product) is variable by nature. For this reason, Calysta requires flexibility on the specification
DQGSURSRVHVWROHDYHWKHVSHFLILFDWLRQOLPLWDW
6. The notifier should provide the citation for the validated method used to
determine the nickel content or a copy of the validated method including a
validation summary.
As detailed in Appendix 1, Sciantec has provided additional information regarding
validation of various analytical methods. Sciantec has developed an in-house validated method
for the detection of nickel with an LOD of 0.1 mg/kg in animal feed. The method and validation
summary are attached in Appendices 2 and 3.
7. The notifier should provide the citation for the validated method used to
determine the mercury content or a copy of the validated method including a
validation summary.
Per our conversation with CVM on March 29, 2021, we attach a method summary for the
detection of mercury. The method is validated and accredited by UKAS. As with Question 6, the
method summary is attached in Appendix 1 for detection of mercury at an LOD of 0.01 mg/kg.
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STABILITY
8. The notifier should provide citations to the validated methods used in the stability
study or a copy of the validated methods including validation summaries. The tests
performed are for the determination of crude protein, crude fat, ash, moisture and
crude fiber, amino acid profile, fatty acid profile, microbiology and biogenic
amines. Microbial testing performed are anaerobic plate count, aerobic plate count,
yeasts, and molds.
Please see Appendix 1 for relevant method descriptions for UKAS validated and
accredited methods, as well as validation summaries for those methods not UKAS accredited.
Yeast and mold methods are not accredited, and summaries are included as Appendix 4.
9. The notifier should explain how it can demonstrate the stability of aerobic count of
the notified substance for 52 weeks given that the microbial testing results for
aerobic plate count for one of the three batches in the stability study (TEES005/28)
significantly deviates starting after week 26. The aerobic count is 300 CFU/g at
week 26 and 700,000 CFU/g at week 52. If additional batch data is available, it
should be provided.
The firm includes additional stability data below in Table 3 to specifically address
CVM’s question regarding microbial stability for Batch TEES005/28. We have included the
aerobic plate count data previously provided in AGRN 40 (0-52 weeks) and have added new data
for weeks 72 and 104. This additional data clearly indicates that the test at 52 weeks (700,000
cfu/g) was an outlier. Tests at 72 and 104 weeks show results in line with the other time points.
Full additional results for other analyses are included in Table 4 as requested.
Table 3: Week 72 and 104 Aerobic Plate Count Results
Batch TEES005/28 25oC/60%RH
Time
Aerobic (cfu/g)
0 Weeks

(b) (4)

4 Weeks
8 Weeks
12 Weeks
26 Weeks
52 Weeks
78 Weeks
104 Weeks
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Table 4: Batch Analyses for TEES004/29, TEES004/29a, TEES004/11, and TEES05/28
Batch TEES004/29 25°C/60%RH (no UHT; real time)
Nutritional Analysis
Duration
Moisture
Crude Fat
Crude Protein Crude Fiber (Max
Ash
(Weeks)
(Max 10%)
(Min 5%)
(Min 68%)
1%)
(Max
12%)
(b) (4)
72
104
156
Microbiological Analysis
Test Duration TVC (Anaerobic TVC (Aerobic @
Yeasts cfu/g
Molds cfu/g
(Weeks)
@ 30ºC) cfu/g
30ºC) cfu/g
(b) (4)
72
104
156
Batch TEES004/29a 25°C/60%RH (real time)
Nutritional Analysis
Duration
Moisture
Crude Fat
Crude Protein Crude Fiber (Max
Ash
(Weeks)
(Max 10%)
(Min 5%)
(Min 68%)
1%)
(Max
12%)(b) (4)
72
104
156
Microbiological Analysis
Test Duration
TVC (Anaerobic
TVC (Aerobic
Yeasts cfu/g
Moulds cfu/g
(Weeks)
@ 30ºC) cfu/g
@ 30ºC) cfu/g
(b) (4)
78
104
156
BatchTEES004/11 25oC/60%RH
Nutritional Analysis
Duration
Moisture
Crude Fat
Crude Protein Crude Fiber (Max
Ash
(Weeks)
(Max 10%)
(Min 5%)
(Min 68%)
1%)
(Max
12%)
(b) (4)
78
104
156
Microbiological Analysis
Test Duration
TVC (Anaerobic
TVC (Aerobic
Yeasts cfu/g
Moulds cfu/g
@ 30ºC) cfu/g
@ 30ºC) cfu/g
(Weeks)
(b) (4)
78
104
156
Batch TEES005/28 25oC/60%RH
Nutritional Analysis
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Duration
(Weeks)

Moisture
(Max 10%)

Crude Fat
(Min 5%)

78
104
Microbiological Analysis
Test Duration
TVC (Anaerobic
@ 30ºC) cfu/g
(Weeks)
78
104

Crude Protein
(Min 68%)

Crude Fiber (Max
1%)

Ash
(Max
12%)
(b) (4)

TVC (Aerobic
@ 30ºC) cfu/g

Yeasts cfu/g

Moulds cfu/g
(b) (4)

ANALYTICAL METHODS
10. Proximate analysis: Because method AOAC 994.12 is not applicable to the
determination of the amino acids tyrosine and tryptophan, the notifier should
describe the method modifications that allow these determinations.
Please see Appendix 1 for methods and validation information for tryptophan. As
discussed in our March 29, 2021 call, a true determination of tyrosine would require a second,
separate analysis which would incur significant expense. Tyrosine numbers reported are those
derived from the method listed above, even though it is not strictly appropriate for this
determination. We believe this is of little consequence as tyrosine content is not directly safety
related. See Appendix 5 for tyrosine performance testing data.
11. Proximate analysis: The notice does not contain a citation for the method used in
the provide the citation for the validated ICP OES method used to determine
mineral contents or a copy of the method including a validation summary.
Please see Appendix 1 for LOD and method summaries for minerals. Sciantec uses an inhouse method based on BS EN 15510:2017, which is validated for detection of minerals in
animal feed.
12. Specifications: It is not clear that method AOAC 2011.03, 2003.09 is applicable as
for the determination of microorganisms that grow aerobically at mesophilic
temperatures (25 to 40°C). Methods AOAC 2011.03 and 2003.09 are applicable for
the determination of Salmonella in a variety of foods and in specific foods,
respectively.
AOAC 2011.03 and 2003.09 were listed in error. Aerobic and anaerobic methods used
are EN ISO 4833:2013, which is validated for detection of microbes in animal feed at a LOD 10
cfu/g. Please see Appendix 1 for additional method summary.
B. STARTING RAW MATERIALS QUESTIONS AND COMMENTS
The starting materials methane/natural gas, nickel chloride hexahydrate and nitric acid
have no regulatory status for use in the manufacture of animal food (or human food).
Pipeline natural gas as a source of methane
10

Identity and specifications
It is not clear from information contained in the notice that the composition of the
pipeline natural gas used in the manufacture of the notified substance has a consistent
profile as natural gas derived from different producing regions have different
constituent profiles, and natural gas derived from different producing regions are mixed
before becoming pipeline natural gas used by consumers. The study by Chao (1993)
(which is contained in the notice) determined the content ranges of numerous trace
constituents in pipeline natural gas derived from different producing regions, including
benzene in the range of <0.2 to 471 ppm by volume, toluene in the range of <0.1 to 100
ppm by volume, and hexanes in the range of <0.2 to 1156 ppm by volume. In addition,
some of the results in the study by Chao (1993) may be affected by the quality of the
analytical methods used in this dated study. In addition, it is not clear based on the data
and information contained in the notice that downstream processing steps in the
manufacture of the notified substance remove all the undesirable trace constituents that
may be found in pipeline natural gas, and that may accumulate in the notified substance.
We note that removal of certain volatile constituents during processing may be difficult
due to strong nonbonding interactions as occurs between aromatic hydrocarbons and
the aromatic side chains of amino acids in proteins. Because undesirable trace
constituents may be present in the pipeline natural gas used to manufacture the notified
substance and the process controls used to manage the accumulation of these
constituents are not validated, the notice does not establish a qualitative and quantitative
relationship between the notified substance and test articles used in safety studies. The
notifier should provide the identities and contents of potential unwanted constituents in
the natural gas and more comprehensively describe how these unwanted constituents
are controlled to ensure that they do not become contaminants that adversely affect the
safety of the notified substance.1
Chao and Attari (1995) reported the results of a 3-year program performed to survey the
detailed compositions of pipeline gas from major producing areas in the US, imported gas from
natural gas from Canada, and natural gas used to generate electricity at 4 power plants in the U.S.
The natural gas stream samples were collected from 19 separate sampling points (including 4
power plants) in 10 states across the continental U.S. from October 1990 to 1993.2 The origins of
the natural gas sampled ranged from the on-shore and off-shore Gulf coast to Northern California
and Canada. The samples were analyzed to measure the concentrations of a comprehensive list
of major, minor, and trace constituents utilizing a complete field sampling and analysis system
that had been developed and validated, including proportional sampling, cryogenic sampling,
sorbent sampling, and on-line measurement techniques. The method detection limits (MDLs)
included 0.1 ppmv for toluene and 0.2 ppmv for benzene, hexanes, and cyclohexane.3 Table 5
presents the summary statistics for these natural gas constituents.
1

On March 16, 2021, Calysta requested clarification from CVM regarding reference to a body of evidence regarding
the interaction between cyclic/aromatic hydrocarbon constituents and aromatic side chains of amino acids, that was
mentioned during the March 11, 2021 teleconference. On March 16, 2021, CVM responded with citations to the
specific references and further context for the question. See Appendix 7.
2
Chao and Attari (1995), Figure 1, page 12.
3
Chao and Attari (1995), Table 1, page 8.
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Table 5: Summary Data for Selected Natural Gas Constituents Reported by Chao and
Attari (1995)4
Constituent(s)
# of Samples Range (ppmv) Median (ppmv)
Sample ID
Hexanes
19
<0.2 to 1156
170
IGT-041
Cyclohexane
175
<0.2 to 146
24
IGT-082
Benzene
17
<0.2 to 471
7
IGT-022
Toluene
17
<0.1 to 100
6
IGT-022
The samples with the highest concentrations of these analytes were IGT-041 for hexanes,
IGT-082 for cyclohexane, and IGT-022 for benzene and toluene.
Black and Veatch reported the compositions of 3 examples of pipeline quality natural gas
from US-based interstate facilities in the year 2000 and later, which illustrate the range of natural
gas compositions that meet minimum pipeline specifications for consumer use.6 The
concentrations of constituents presented for these examples are consistent with those reported by
Chao and Attari (1995). Specifically, the concentration ranges reported were:
x
x

Benzene: 44 to 470 ppmv
Toluene: 18 to 100 ppmv

In the screening-level safety assessment presented below, we assumed that the
concentrations of each natural gas constituent were the maximum values reported in Chao and
Attari (1995), which equaled or exceeded the corresponding maximum concentrations reported
by Black & Veatch. The concentrations considered for the screening assessment are presented in
Table 6.
Table 6: Maximum Reported Concentrations of Selected Natural Gas Constituents
Concentration
Concentration
Sample ID
Constituent(s)
(ppmv)
(ppmw)7
Hexanes
1156
5009
IGT-041
Cyclohexane
146
695
IGT-082
Benzene
471
1924
IGT-022
Toluene
100
477
IGT-022
Like methane, all of the constituents listed in Table 6 are susceptible to substantial
metabolic degradation by M. capsulatus (Bath) and will be reduced substantially during the
4

Chao and Attari (1995), Table 7, page 50;
Cyclohexane was not measured in 2 of the 19 samples, identified as IGT-011 and IGT-012, which were the 2
samples analyzed the earliest in the survey. BTEX analytes were measured in these 2 samples but, like cyclohexane,
BTEX is not included in the summary statistics. The reason for this is that a relatively low resolution GC column
was used for these earliest analyses, so that cyclohexane, C8 hydrocarbons, and C9 hydrocarbons were not
adequately separated from benzene and toluene, respectively. The issue was remedied to measure these analytes in
the subsequent 17 samples.
6
Black & Veatch (2021). Natural Gas technical Paper. Prepared for Calysta, 7 pp.
7
Conversion from ppmv to ppmw was accomplished by multiplying the concentration of each constituent (ppmv) in
a natural gas sample by its molecular weight and adding the products of the multiplications together, then dividing
the product of each constituent by the sum of the products and multiplying the result by 106.
5
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manufacturing of FeedKind®. For example, Colby et al. (1977) demonstrated the very broad
substrate specificity that the methane mono-oxygenase of M. capsulatus possesses, which
catalyzes a variety of different oxygen-incorporation reactions.8 Colby et al. (1977) showed that
this mono-oxygenase effectively catalyzed the aerobic oxidation of C1, C2, C3, C4, C5, C6, C7
and C8 n-alkanes with a specific activity of 85, 63, 68, 68, 69, 39, 27, and 9 milli-units/mg
protein, respectively, to produce the corresponding alcohols. In addition, they showed that this
enzyme catalyzed cyclohexane, benzene, and toluene under the same conditions with a specific
activity of 62, 62, and 52 milli-units/mg protein, respectively, to yield cyclohexanol, phenol, and
benzyl alcohol, respectively. Thus, the safety assessment calculations presented below considers
the ability of M. capsulatus to metabolically detoxify n-hexanes, other n-alkanes, cyclohexane,
and other aromatics.
In addition, approximately 5% of the natural gas that enters the fermenter is off-gassed
from the fermenter and is vented into the combustion chamber that operates at approximately
800°C, where no less than 99.5% of the volatile organic carbon (VOC), including any benzene
and toluene that may be present in the off-gas, is decomposed to yield carbon dioxide (CO2).
Thus, essentially all of the n-alkanes, including n-hexane, in the off-gas will be destroyed in the
combustion chamber. Unlike the cyclic and aromatic VOCs including cyclohexane, benzene and
toluene, methane and n-alkanes are not subject to potential induced-dipole to induced-dipole
interactions with the aromatic amino acids of proteins. However, the loss of n-alkanes through
off-gassing was not accounted for in the calculations, which contributes to the conservatism of
calculations.
In sum, we assumed, conservatively, that:
x

x

x

100% of n-hexane, cyclohexane, benzene and toluene that enter the fermenter with
natural gas during fermentation are present in the FeedKind® biomass after
centrifugation.
Cyclohexane, benzene and toluene may accumulate in the biomass because of potential
induced-dipole to induced-dipole interactions with the aromatic amino acids of the
proteins of the biomass
100% of the “hexanes” that enter the fermenter is present as n-hexane and can
accumulate in the biomass, although n-hexane is:
o Not susceptible to induced-dipole to induced-dipole interactions.
o A well-known neurotoxicant at sufficiently high inhalation concentrations but has
not been demonstrated to be neurotoxic to humans by ingestion or dermal
exposure.

Furthermore, there are at least 2 steps of the FeedKind® manufacturing process that
substantially reduce the potential levels of any residual hexane, cyclohexane, and benzene that
may remain in the finished product, namely the evaporation step and the spray drying step. The
8
Colby J, Stirling DI, Dalton H (1977). The soluble methane mono-oxygenase of Methylococcus capsulatus (Bath):
Its ability to oxygenate n-alkanes, n-alkenes, ethers, and alicyclic, aromatic and heterocyclic compounds. Biochem.
J. 165: 395-402; For review see Jiang H, Chen Y, Murrell JC, Jiang P, Zhang C, Xing X-H, Smith TJ (2010).
Methanotrophs: Multifunctional bacteria with promising applications in environmental bioengineering. Biochem.
Engineer. J. 49:277-288.
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product is harvested continuously from the fermenter by conveying the culture to a centrifuge,
which separates the biomass from the bulk of the culture medium and recycles approximately
52,000 kg water/hour back to the fermenter. The water that remains with the harvested biomass
and is not recycled from the centrifuge to the fermenter is continuously replaced with fresh
makeup water in the fermenter. During the post-centrifugation steps, on the other hand,
substantial levels of water yet remaining with the harvested biomass after centrifugation are
removed from the biomass at temperatures approximately equal to or greater than the boiling
points of benzene (80.1°C), hexane (68°C), and cyclohexane, respectively. Specifically, we
calculated that only 1.05% of the water removed from the fermenter/hour remains in FeedKind®
after the evaporation and spray drying steps of the process at 80°C.
These values were calculated as follows:
x
x
x
x
x

1145 kg FeedKind® produced/fermenter/hour.9
5600 kg water removed from FeedKind® through evaporation after centrifugation.
3000 kg water removed from FeedKind® through spray drying after evaporation.
91.5 kg water retained in FeedKind®/fermenter/hour.10
1.05% of water present after centrifugation remains in FeedKind® after evaporation and
spray drying.11

Thus, 98.95% of the water associated with the FeedKind® leaving the centrifuge is lost
through the evaporation and spray drying steps to produced finished FeedKind®.
The enthalpies of evaporation and the boiling points of hexane, cyclohexane, and benzene
are lower than the corresponding values for water, and the enthalpy of evaporation for toluene is
lower than that of water, as shown in Table 7.12
Table 7: Boiling Points and Enthalpy of Vaporization of Selected Natural Gas Constituents
Molar Enthalpy
Constituent
Boiling Point (°C) of Vaporization
Sample ID
(kJ/mol)
n-Hexane
68
31.5
B&V Example 1
Cyclohexane
80.7
33.5
IGT-082
Benzene
80.1
30.7
IGT-022
Toluene
110.6
38.1
IGT-022
Water
100
40.7
--

9

(10,000 tonnes FeedKind® produced/fermenter/year x 1000 kg/tonne) ÷ [(24 hours/day x 7 days/week x 52
weeks/year] = 1145 kg produced/fermenter/hour.
10
8% water in finished FeedKind® x 1145 kg FeedKind® produced/fermenter/hour = 91.5 kg water in finished
FeedKind®.
11
(91.5 kg water retained in FeedKind®/fermenter/hour ÷ (5600 kg water removed from FeedKind® through
evaporation after centrifugation + 3000 kg water removed from FeedKind® through spray drying after evaporation
+ 91.5 kg water retained in FeedKind®/fermenter/hour) x 100 = 1.05%
12
Kotz JC, Treichel P (1999). Chemistry and Chemical Reactivity. 4th Edition, Saunders College Division.
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It is reasonable to expect that n-hexane, cyclohexane and benzene will evaporate more
readily than water when subjected to the same conditions because the boiling points and
vaporization enthalpies of these substances are lower than the corresponding values for water.
Thus, we assumed conservatively that, like water, 98.95% of each of these constituents
associated with the FeedKind® leaving the centrifuge is lost through the subsequent evaporation
and spray drying steps and 1.05% of each constituent remains in finished FeedKind®. We
assumed, conservatively, that there is no loss of toluene because the boiling point of toluene
exceeds that of water.
Table 8 presents the maximum concentration of selected natural constituents in finished
FeedKind® and in salmonid food assumed in the screening level safety assessment calculations
below.
Table 8: Maximum Concentrations of Natural Gas Constituents in FeedKind® and
Salmonid Food
Maximum
Maximum
Percent
Maximum
Concentration
Natural
Concentration Retained in Concentration
in Finished
Constituent(s)
Gas
in Natural
FeedKind® in FeedKind®
Salmonid
Sample ID
Gas (ppmw)
(%)
(ppm)13
Food (ppm)14
(b) (4)
(b) (4)
(b) (4)
Hexanes
IGT-041
1.05%
Cyclohexane
IGT-082
1.05%
Benzene
IGT-022
1.05%
Toluene
IGT-022
100%
Experiments with salmon liver microsomes have demonstrated that salmonids have the
capacity to metabolize cyclohexane, benzene and chemically related compounds and, therefore
eliminate these compounds effectively and rapidly. For example, Kennish et al. (1988)
demonstrated that hepatic enzymes of adult Chinook salmon metabolized toluene to yield benzyl
alcohol with very similar kinetics as Kennish et al. (1985) described earlier for the metabolism of
cyclohexane by Coho salmon liver enzymes to yield cyclohexanol under the same optimal
conditions.15 Kennish et al. (1988) noted that optimal conditions of temperature (15°C to 25°C),
pH and ionic strength for the catalysis of cyclohexane and toluene were identical across salmon
species tested in their studies. Kennish et al. (1985) noted that the optimal temperature (i.e.
13

Each 12-week production begins with injecting 20 kg/hr natural gas into the inoculated culture medium in the
fermenter, followed by gradually ramping up the injection rate over the next 5 to 10 days to achieve a steady-state
rate of approximately 2400 kg/hour natural gas. The time weighted average natural gas flow rate is approximately
2289 kg/hour over a 12-week cycle, assuming that the flow rate is ramped up from over the first 7 days of the cycle.
Therefore, the proportion of natural gas consumed in the process to FeedKind® produced is approximately 2 on a
per weight basis (i.e. 2289 kg/hour natural gas consumed ÷ 1145 kg/hour FeedKind® produced = 2 kg natural
gas/kg FeedKind®). Thus, for example, 1924 ppmw benzene in natural gas x 1.05% benzene assumed to be
retained in FeedKind® x 2 kg natural gas/kg FeedKind® = 40.4 ppm benzene assumed to be retained in FeedKind®.
14
For example, 40 ppm benzene in FeedKind® x 18% maximum FeedKind® use level in salmonid food = 7.2 ppm
benzene in salmonid feed.
15
Kennish JM, Gillis D, Hotaling K (1988). Metabolic conversion of toluene and ethylbenzene by Pacific salmon
microsomal preparations. Mar. Environ. Res. 24: 69-71; Kennish JM, Montoya C, Whitsett J, French JS. (1985).
Metabolic conversion of cyclohexane by Pacific salmon microsomal preparations. Mar. Environ. Res. 17: 129-132.
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20°C) yielding the maximum rate in salmon is substantially lower than the optimal temperature
reported for mammalian systems, which is attributable to genetic, developmental and
environmental factors.16
Roubal et al. (1977) reported that benzene was rapidly metabolized and eliminated from
the bodies of young Coho salmon following intra-peritoneal (i.p.) injection of uniformly labelled
14
C-benzene (198 Ci/mg).17 We estimate that the total dose of benzene administered to each
fish in this study was approximately 12 mg/kg bw.18 Injections i.p. bypass first-pass metabolism
in the gut but not in the liver. Roubal et al. (1977) found only 0.066%, 0%, 0.02%, 0.01%, and
6.22% of the radioactivity administered to the fish in the flesh, brain, liver, gall bladder, and
carcass, respectively, 6 hours post exposure (i.e. total ~6.3% of the administered dose remaining
in the animals). Only 0.006%, 0%, 0%, and 0.22% of the radioactivity remained in the flesh,
brain, liver, gall bladder, and carcass, respectively, 24-hours post-exposure. The results clearly
demonstrated that benzene was readily metabolized in the liver and benzene and its metabolites
were rapidly eliminated from the bodies of the fish after exposure.
Furthermore, sound U.S. and global aquacultural practices require fasting and feed
withdrawal periods prior to slaughter. Benefits include complete gut evacuation, a clean
digestive tract, good water quality by minimizing ammonia and fecal excretion during transport,
reduced metabolism, and the elimination of xenobiotics, among other reasons.19 Accordingly, for
example, the quality regulations of Norwegian food laws indicate that the fish should be starved
to empty the gut before harvesting to ensure proper hygiene for further processing. Among the
benefits of this practice includes the reduction of physical activity, fighting among the fish
related to the instinct to maintain dominance hierarchies, and stresses related to acute crowding
and other factors during transportation.20 The common current practice is to starve the fish for 3
to 4 days before harvest and, under low temperature conditions, the fish should be starved for at
least 5 to 7 days pre-harvest. Thus, if there were any residual n-hexane, cyclohexane, benzene or
toluene from natural gas in salmonid food containing FeedKind®, it is reasonable to expect that
none of these substances would remain in the bodies of the fish after 3 or more days of starvation
prior to transport and slaughter.
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Kennish et al. (1985) cites Forlin L, Anderson T, Koivusaari U and Hansson T (1984). Influence of biological and
HQYLURQPHQWDOIDFWRUVRQKHSDWLFVWHURLGDQG[HQRELRWLFPHWDEROLVPLQILVK,QWHUDFWLRQZLWK3&%DQGȕ
naphthoflavone. Mar. Environ. Res. 14: 47-58.
17
Roubal WT, Collier K, Malins DC (1977). Accumulation and metabolism of carbon-14 labeled benzene,
naphthalene, and anthracene by young coho salmon (Oncorhychus Kisutch). Arch. Environ. Contam. Toxicol. 5:
513-529.
18
2.5 Ci 14C-benzene ÷ (198 Ci/mg benzene x 1 g bw) x 1000 g/kg = 12.6 mg benzene/kg bw; the body weight of
fingerling Coho salmon was assumed to be similar to that reported by Luzzanna U, Hardy RW, Halver JR (1998).
Dietary arginine requirement of fingerling coho salmon (Oncorhychus kisutch). Aquaculture 163: 137-150 (i.e.
mean 0.9 ± 0.02 g S.E.M.).
19
Waagbo R, JHorgensen SM, Timmerhaus G, Breck O, Olsvik PA (2017). Short-term starvation at low
temperature prior to harvest does not impact the health and acute stress response of adult Atlantic salmon. Peer J
5:e3273; DOI 10.7717/peerj.3273: https://peerj.com/articles/3273.pdf.
20
VKM (2008). Opinion of the Panel on Animals Health and Welfare of the Norwegian Scientific Committee for
Food Safety: Transportation of fish within a closed system. VKM Report 2008: 23, 07/806-Final. 14 May 2008. 63
pp. (https://vkm no/download/18.d44969415d027c43cf154e6/1500390477876/577c2a6603.pdf).

16

Based on these published reports, we assumed, conservatively for our screening-level
safety assessment calculations, that 0.066% (i.e. the percent of the administered radiolabel
remaining in flesh after only 6 hours reported by Roubal et al. 1977) of the daily oral intake of
benzene in salmonid food remains in the edible tissue of the fish when it is harvested and
consumed. In addition, we assumed that other natural gas constituents are metabolized in the
fish and/or by M. capsulatus to the same overall extent, based on the published reports of
Kennish et al. (1985, 1988), Colby et al. (1977) and studies cited therein, which clearly
demonstrated the capacity of fish liver enzymes and M. Capsulatus to metabolize these
substances rapidly.
High-end exposures were estimated for human consumption of salmon and trout raised
on diets containing 18% FeedKind® based on the highest calculated concentrations of natural
gas constituents in the salmonid feed (Table 8). Additional assumptions included:
x

Cumulative feed consumed by the target animal per weight of edible tissue (i.e.
1.77 and 2.14 kg feed/kg edible body weight for Atlantic salmon and trout,
respectively)21

x

100% of the intake of each constituent from the feed accumulates in the edible
fish tissue

x

High chronic daily consumption of salmon or trout by humans is equal to the 90th
percentile daily ingestion level of all finfish (i.e., 0.17 kg/day)22

x

Body weight 70 kg23

Maximum estimated daily intakes (EDIs) of the constituents from the consumption of
salmon and trout, based on these highly exaggerative assumptions, are presented in Table 9.24
Table 9: Maximum Estimated Daily Intake (EDI) of Natural Gas Constituents from Fish
Consumption
Maximum
Maximum
Maximum EDI
Maximum EDI
Concentration
Concentration
from Salmon
from Trout
Constituent(s)
in Edible
in Edible Trout
Consumption
Consumption
Salmon Tissue
Tissue (ppm)
(mg/kg bw/day)
(mg/kg bw/day)
(ppm)
(b) (4)
Hexanes
Cyclohexane
Benzene
Toluene
21

See Table 2 in Fry JP, Mailloux NA, Love DC, Milli MC, Cao L (2018). Feed conversion efficiency in
aquaculture: do we measure it correctly? Environ. Res. Lett. 13: 024017:
https://iopscience.iop.org/article/10.1088/1748-9326/aaa273/pdf.
22
See Table 2.055 in Smiciklas-Wright H, Mitchell DC, Mickle SJ, Cook AJ, Goldman JD (2002). USDA 19941996 Continuing Survey of Food Intakes by Individuals (CSFII 1994-1996).
23
NRC (2005) specifies an MRL of 0.0003 mg Hg/kg bw/day for a 70-kg person
24
For example, [7.27 ppm benzene in salmonid feed x 1.77 kg feed/kg edible salmon tissue x 0.066% benzene oral
intake remaining in edible tissue x 0.17 kg salmon/day]/70 kg bw = 2.06 x 10-5 mg benzene/kg bw/day.
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Toxicity reference values for risk assessment have been developed by US EPA Integrated
Risk Information System (IRIS) Program for all of the substances assumed to remain in the
edible tissue of salmonids fed FeedKind® at the highest use level in fish food (i.e. 18%),
including hexane, cyclohexane, benzene and toluene. These toxicity levels include a cancer slope
factor (CSF)25 for benzene, non-cancer reference doses (RfDs)26 for chronic oral exposures to
benzene and toluene, and a reference concentrations (RfCs) for chronic inhalation exposure of nhexane and cyclohexane. As noted above, oral exposures to n-hexane and cyclohexane, unlike
inhalation exposures to these substances, have not been shown to be associated with oral toxicity
or developmental toxicity, respectively. However, we derived a chronic oral RfDs from the
inhalation RfCs for n-hexane and cyclohexane in an abundance of caution in this screening level
safety assessment.27 The toxicity values used in this assessment are presented in Table 10.
Table 10: Toxicity Values for Selected Natural Gas Constituents
Chronic Oral
Cancer Slope
Critical
Constituent(s)
RfD (mg/kg
Factor
Effect(s)
bw/day)
(mg/kg bw/day)-1
n-Hexane

Cyclohexane

28

29

0.2

ND

1.730

ND

-3

Benzene

4 x 10

0.015

Toluene

0.08

ND

Peripheral
neuropathy
Reduced pup
weights in 2generation rat
developmental
toxicity test
Decreased
lymphocyte
count;
leukemia
Increased
kidney weight
in rats

Reference
n-Hexane | IRIS |
US EPA
Cyclohexane
(CASRN 110-827) | IRIS | US
EPA
Benzene
(CASRN 71-43-2)
| IRIS | US EPA
Toluene (CASRN
108-88-3) | IRIS |
US EPA

25

Oral Slope Factor: “An upper bound, approximating a 95% confidence limit, on the increased cancer risk from a
lifetime oral exposure to an agent. This estimate, usually expressed in units of proportion (of a population) affected
per mg/kg-day, is generally reserved for use in the low-dose region of the dose-response relationship, that is, for
exposures corresponding to risks less than 1 in 100.” IRIS Glossary | Integrated Risk Information System | US
EPA.”
26
Reference dose: An “estimate, with uncertainty spanning perhaps an order of magnitude, of a daily oral exposure
to the human population (including sensitive subgroups) that is likely to be without an appreciable risk of deleterious
effects during a lifetime”; IRIS Glossary | Integrated Risk Information System | US EPA.
27
For approach to converting RfCs to RfD see, for example,
https://rais.ornl.gov/tutorials/toxvals html#2.4%20Derivation%20of%20Inhalation%20RfDs%20and%20Slope%20F
actors.
28
n-Hexane RfD = 0.7 mg/m3 RfC x 20 m3/day ÷ 70 kg bw = 0.2 mg/kg bw/day.
29
ND = not determined; there are no data indicating an association between cancer and human exposure to these
substances.
30
Cyclohexane RfD = 6 mg/m3 RfC x 20 m3/day ÷ 70 kg bw = 1.7 mg/kg bw/day.
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The toxicity reference values presented in Table 10 were used to calculate the upper
bound cancer risk estimate for benzene and hazard quotients (HQs)31 for potential non-cancer
effects presented in Table 11.
Table 11: Worst-Case Risk Estimates for EDI of Potential Gas Constituents through Fish
Consumption
Salmon consumption
Trout Consumption
Upper Bound
Upper-Bound
HQ for Potential
HQ for Potential
Cancer Risk
Cancer Risk
Constituent(s)
Non-Cancer
Non-Cancer
Estimate
Estimate
Effects (unitless)
Effects (unitless)
(unitless)
(unitless)
Hexanes
2.68 X 10-4
NA
3.25 X 10-4
NA
Cyclohexane
24.34 X 10-6
NA
5.25 X 10-6
NA
-3
-7
-3
Benzene
5.16 X 10
3.09 x 10
6.230 X 10
3.74 x 10-7
-3
-3
Toluene
6.08 X 10
NA
5.88 X 10
NA
Table 12 presents the corresponding central tendency risk estimates calculated by
substituting the highest concentration by the median concentration of each constituent of natural
gas reported in Chao and Attari (1995).
Table 12: Central Tendency Risk Estimates for EDI of Gas Constituents through Fish
Consumption
Salmon consumption
Trout Consumption
Upper Bound
Upper-Bound
HQ for Potential
HQ for Potential
Cancer Risk
Cancer Risk
Constituent(s)
Non-Cancer
Non-Cancer
Estimate
Estimate
Effects (unitless)
Effects (unitless)
(unitless)
(unitless)
Hexanes
3.96 X 10-5
NA
4.79 X 10-5
NA
-7
Cyclohexane
7.14 X 10
NA
8.64 X 10-7
NA
-5
-9
-5
Benzene
7.68 X 10
4.61 x 10
9.29 X 10
5.57 x 10-9
-4
-4
Toluene
3.66 X 10
NA
3.54 X 10
NA
The results presented in Table 11 and Table 12 clearly show the upper bound cancer risk
estimate for benzene is less than 10-6 (i.e. de minimis), and all HQs for all natural gas
constituents would be orders of magnitude less than 1 even at the maximum concentrations of
constituents reported in natural gas and exaggerative worst case exposure assumptions. Thus,
there is no reasonable expectation of harm associated with the consumption of salmonids fed
FeedKind® up to the highest use level in salmonid food (i.e. 18%).
The results of the safety assessment presented above also support the safety of the target
animals, namely salmonid. This is because, in addition to the exaggerative exposure
assumptions, the toxicity values used to estimate the non-cancer and cancer risks are at least 300fold less than the no observed effect levels (NOAELs) or Benchmark Dose Low (BMDL = lower
31

Hazard quotient: the ratio of the potential exposure to a substance (i.e. the EDI) and the level at which no adverse
effects are expected (i.e. the RfD).
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confidence limit of the BMD) for n-hexane, cyclohexane, and benzene and 3000-fold less than
the BMDL for toluene from animal studies, which indicates that the margin of safety for the
target animals is orders of magnitude greater than the margin of safety for the protection of
human health.
As noted above, the natural gas available to users in the U.S. may contain a wide range of
benzene, toluene, cyclohexane and hexanes concentrations, based on the survey of Chao and
Attari (1995) and benzene and toluene concentrations based on the 3 examples representing the
spectrum of natural gas products in the U.S. reported by Black and Veatch (2021). These values
are presented in Table 13 below.
Table 13: Range and Median of Constituent Concentrations Reported in Natural Gas in
the US
Constituent(s)
Hexanes
Cyclohexane
Benzene
Toluene

Chao and Attari (1993)
Range (ppmv)
Median(ppmv)
<0.2 to 1156
170
<0.2 to 146
24
<0.2 to 471
7
<0.1 to 100
6

Black and Veatch (2021)
Range (ppmv)
Median (ppmv)
32
NR
NR
NR
NR
44 to 470
230
5 to 100
18

In coordination with its suppliers, Calysta will monitor the natural gas received to its
facility with gas chromatography to ensure that the benzene concentration does not exceed 40
ppmv. Further, in the site selection process for production facilities, Calysta will preferentially
choose gas supplies and regional locations with reliably low contaminant levels. Calysta will not
XVHQDWXUDOJDVWKDWFRQWDLQVSSPYEHQ]HQHWRSURGXFH)HHG.LQG7KLVDSSURDFKZLOODOVR
ensure that the natural gas used to produce FeedKind® will also contain toluene and other
constituents at the lower end of the respective ranges reported for these compounds in natural gas
in the U.S., and substantially lower than the 40 ppmv threshold for benzene because:
x
x

The levels of compounds like toluene are characteristically lower than the corresponding
benzene concentration in the natural gas.
The predominant method in North America for the removal of aromatics and natural gas
liquids (NGLs) from natural gas is cryogenic expansion. The efficiency of this removal
process is largely a function of the boiling point of the respective gases. As benzene has
the lowest boiling point of the targeted aromatic contaminants in natural gas, a maximum
limit on benzene will in effect limit toluene and cyclohexane as well.

Ensuring that the concentration of benzene does not exceed 40 ppmv ensures that the
natural gas used to produce FeedKind® contains no more than approximately 8.5% of the
maximum concentration of benzene reported in the natural gas surveys, and that FeedKind®
%ODFNDQG9HDWFK  SUHVHQWHGGDWDIRU³Q+H[DQH´ZKLFKFRYHUVDOODONDQHV&LQVL]HDQGGLGQRW
provide values specifically for hexanes or cyclohexane.
32
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cannot possibly contain more than approximately 3.4 ppm benzene.33 No benzene or related
compounds are expected to be present in FeedKind®. However, it is clear that the worst-case
risk estimates presented in Table 11 for benzene and the other natural gas constituents are
overestimated by at least an additional factor of 10.
In an abundance of caution, we calculated risk estimates assuming that the concentrations
of the constituents in the natural gas used to produce FeedKind® is 8.5% of the respective
maximum concentrations reported in the natural gas, using the same approach as above for noncancer endpoints except that we assumed that none of the constituents is metabolized in the
fermenter or detoxified by the fish and that all of the constituents consumed by the fish with
FeedKind®. The results are presented in Table 14.
Table 14: Worst-Case Risk Estimates for Potential Gas Constituents Assuming No
Metabolism in the Fermenter or Detoxification in Fish

Constituent(s)
Hexanes
Cyclohexane
Benzene
Toluene

Salmon
HQ for Potential
Non-Cancer
Effects (unitless)
0.0346
0.000559
0.664
0.783

Trout
HQ for Potential
Non-Cancer
Effects (unitless)
0.0418
0.000676
0.803
0.758

All of the HQs for these constituents are less than 1, indicating that there is no reasonable
expectation of harm from the high-end consumption of salmon or trout fed food containing up to
18% FeedKind® manufactured using natural gas containing no more than 40 ppmv benzene.
In addition, we calculated risk estimates for the cancer endpoint for benzene based on the
same assumptions, except that we assumed that 1%, rather than 99.934% (i.e. 100%-0.066%), of
the dose was not effectively detoxified in the bodies of the fish. The resultant cancer risk
estimates were 3.98 x 10-7 and 4.82 x 10-7 for salmon and trout consumption, respectively.
Again, these risk estimates are de minimis.
Overall, the results of these calculations, based on the exaggerative exposure assumptions
and the safety factors used to calculate potential lifetime human health risks, show that there is
no reasonable expectation of harm to the target animals or to consumers from the intended use of
FeedKind® in fish food.
We do not have data to characterize the constituents of the natural gas used to
manufacture the BioProtein® that was tested in the animal studies. However, it is clear from the
analysis presented above that maintaining a threshold of 40 ppmv benzene in the natural gas used

33

40 ppmv benzene threshold ÷ 471 ppmv benzene maximum reported x 100 = 8.49%; 40.4 ppm benzene in
FeedKind® from 471 ppmv maximum reported benzene natural gas x 8.49% = 3.43 ppm maximum benzene
concentration in FeedKind®.
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to manufacture FeedKind® used as intended presents no safety concern to salmon or to
consumers.
NITRIC ACID COMMENTS AND QUESTIONS
SPECIFICATIONS
1. The specifications for nitric acid in the notice do not include a test for heavy metals.
The notifier should provide nitric acid specifications appropriate for use in the
manufacture of animal food, including specifications for iron, mercury, arsenic,
cadmium and lead.
Information from Calysta’s nitric acid supplier regarding the heavy metals analysis of the
nitric acid ingredient is provided in Appendix 6. While this does not constitute a “specification”
per se, it does indicate that for all of metals listed above (except iron) the concentration is below
detection limits (<0.1 ppm for arsenic, cadmium and lead, 0.005 ppb for mercury). Iron is present
at very low levels (0.23 ppm) however this is a negligible amount of iron in comparison to the
iron added to the fermentation media (as iron sulfate) which is a required nutrient for the growth
of the microbes. Nitric acid is used at a rate of approximately 0.07 mg per kg of finished feed,
with iron being present in the nitric acid at 0.23 ppm. Iron sulfate is added to ensure an iron
concentration of 300-350 ppm, and therefore any potential contribution to the overall amount of
iron present from nitric acid (0.23 ppm in the nitric acid) is negligible
STABILITY
2. The notifier should explain why byproducts of photochemical reactions that may
take place during storage of nitric acid do not pose a safety concern when the
nitric acid is used in the fermentation process.
Nitric acid is stored in opaque (stainless steel) containers and is not stored in direct
sunlight. Therefore, the possible photochemical reactions will not take place and there is no
related safety concern.
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Appendices
Appendix 1 – Sciantec Analytical Methods – Summary
Appendix 2 – Determination of Heavy Metals by ICP-MS
Appendix 3 – Nickel by ICP-MS Validation Summary
Appendix 4 – Direct Enumeration of Yeasts and Moulds by the Colony Count Method using
OGYE Agar
Appendix 5 – Tyrosine PT Data 2019 – Present
Appendix 6 – Nitric Acid Metals Content
Appendix 7 – 03.16.21 CVM Email Response to Calysta Follow-up Questions
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Dear Dr. Lou,
On behalf of Calysta, Inc., attached please find the Third Amendment to GRAS Notice for Dried Methylococcus
Capsulatus product (hereinafter “FeedKind®”), which was originally submitted to CVM on February 28, 2020. The
Amendment addresses questions raised during the June 3, 2021 teleconference and corresponding meeting minutes
sent to us on June 4(attached) regarding the (1) the heat kill curve illustrated in Figure 2 of the second amendment, (2)
the specification for Mesophilic plate count, and (3) the justification for the ash content acceptance criteria. This third
amendment also provides an updated specification table for FeedKind®.
The attached zip file contains (1) the Third Amendment to the GRASN and (2) associated appendices. No additional
references were cited in the Third Amendment, therefore we did not provide a revised Part 7 reference list.
Please let us know if you have any questions or if you have any difficulty accessing the materials. In the meantime, we
look forward to receiving a “no questions” letter in the foreseeable future.
Best,
Mel.
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To: Carlacci, Louis <Louis.Carlacci@fda.hhs.gov>
Cc: Skasko, Mark <Mark.Skasko@fda.hhs.gov>; Animalfood-premarket <Animalfood-premarket@fda.hhs.gov>; M. S.
Tomas Belloso Ph. D. (tbelloso@calysta.com) <tbelloso@calysta.com>
Subject: FW: [EXTERNAL] RE: Question on Second Amendment to GRAS Notice No. AGRN 40
Hi Lou,
Thanks. We will let you know if we have any questions. Best. Mel.

Melvin S. Drozen
Partner
tel: +1 202.434.4222 | f ax: +1 202.434.4646 | drozen@khlaw.com
1001 G Street NW, Suite 500 West | Washington, DC 20001
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Join our mailing list to receive industry specific information and invitations to seminars and webinars from Keller and
Heckman LLP.
Click here to learn how Keller and Heckman can support your business with COVID-19 related matters
Visit our websites at www.khlaw.com or www.packaginglaw.com for additional information.
Keller and Heckman LLP’s Food and Drug Practice is a Chambers USA recognized Band 1 firm.

From: Carlacci, Louis <Louis.Carlacci@fda.hhs.gov>
Sent: Friday, June 4, 2021 11:15 AM
To: Drozen, Melvin S. <Drozen@khlaw.com>
Cc: Animalfood-premarket <Animalfood-premarket@fda.hhs.gov>; Skasko, Mark <Mark.Skasko@fda.hhs.gov>; M. S.
Tomas Belloso Ph. D. (tbelloso@calysta.com) <tbelloso@calysta.com>
Subject: RE: [EXTERNAL] RE: Question on Second Amendment to GRAS Notice No. AGRN 40
Hi.
Please find attached our letter and meeting minutes for the June 3, 2021 teleconference.
Thanks.
Lou

Louis Carlacci, Ph.D.
Chemist
Center for Veterinary Medicine
Office of Surveillance and Compliance
Division of Animal Feeds
U.S. Food and Drug Administration
Tel: 240-402-2921
louis.carlacci@fda.hhs.gov

From: Drozen, Melvin S. <Drozen@khlaw.com>
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Hi Lou,
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Thanks to you and Mark for your time today. We plan to move forward in preparing responses to your questions and
submit them in an amendment. In the meantime, if you can send us the minutes of the meeting via email, that will help
us in putting together the responses and amendment. This will also confirm that providing the minutes via email is fine.
Regards,
Mel.
From: Carlacci, Louis <Louis.Carlacci@fda.hhs.gov>
Sent: Wednesday, June 2, 2021 3:26 PM
To: Drozen, Melvin S. <Drozen@khlaw.com>
Cc: Animalfood-premarket <Animalfood-premarket@fda.hhs.gov>; Skasko, Mark <Mark.Skasko@fda.hhs.gov>
Subject: Question on Second Amendment to GRAS Notice No. AGRN 40
Hi Mel.
Please provide a time that I can use to arrange a conference call to ask a few questions on the CMC information in the
last amendment. These questions should be clearly addressed in a short amendment. Mark Skasko (Team leader on
the CMC team) and I will be the only ones on the call on the CVM side.
Thanks.
Lou

Louis Carlacci, Ph.D.
Chemist
Center for Veterinary Medicine
Office of Surveillance and Compliance
Division of Animal Feeds
U.S. Food and Drug Administration
Tel: 240-402-2921
louis.carlacci@fda.hhs.gov

This message and any attachments may be confidential and/or subject to the attorney/client privilege, IRS Circular 230
Disclosure or otherwise protected from disclosure. If you are not a designated addressee (or an authorized agent), you
have received this e-mail in error, and any further use by you, including review, dissemination, distribution, copying, or
disclosure, is strictly prohibited. If you are not a designated addressee (or an authorized agent), we request that you
immediately notify us by reply e-mail and delete it from your system.
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THIRD AMENDMENT TO GRAS NOTICE FOR DRIED METHYLOCOCCUS
CAPSULATUS PRODUCT

Submitted by:

Keller and Heckman LLP
1001 G Street, NW
Suite 500W
Washington, DC 20001
On behalf of our client
Calysta, Inc.
1140 O’Brien Drive
Menlo Park, CA 94025
United States

June 16, 2021

I.

Introduction
The purpose of this amendment is to address questions raised by the U.S. Food and
Drug Administration’s (FDA) Center for Veterinary Medicine (CVM) during the June 3, 2021
teleconference, and corresponding meeting minutes (dated June 4, 2021), regarding the
February 28, 2020 submission of the Generally Recognized As Safe (GRAS) Notice for
Calysta, Inc.’s Dried Methylococcus capsulatus Product (hereinafter “FeedKind®”). A first
amendment was submitted on July 17, 2020 and the GRASN was filed on August 13, 2020 and
designated as GRAS Notice No. AGRN 40. A second amendment was submitted on April 11,
2021. This third amendment specifically addresses CVM’s questions regarding (1) the heat kill
curve illustrated in Figure 2 of the second amendment, (2) the specification for Mesophilic
plate count, and (3) the justification for the ash content acceptance criteria. This third
amendment also provides an updated specification table for FeedKind®.
For clarity, we have repeated CVM’s questions in bold below, followed by our
responses.
HEAT KILL CURVE
1. Specifically, CVM has questions on the heat kill curve illustrated in Figure 2 and
questions on the specification acceptance criteria.
CVM asked that Figure 2 in the amendment date April 11, 2021 be redone as
logarithm of cell count versus temperature to illustrate the heat kill curve of the
production organism. CVM asked that the data points used for the plot be provided.
As requested, Calysta has revised Figure 2. “M. capsulatus Heat Kill Curve” from the
second amendment, dated April 11, 2021, to be presented with a logarithmic scale on the Y axis
and temperature (°C) on the X axis. The updated figure and associated data points are provided
in Appendix 1.
MESOPHILIC PLATE COUNT
2. CVM noted that the specification acceptance criteria for Mesophilic plate count
contained in the amendment dated April 11, 2021 are not aligned with the results of
the batch analysis, and that the amendment did not contain adequate justification
for this. The firm indicated that additional analysis results that show the absence of
several pathogenic microorganisms could be provided to demonstrate safety of
potential higher microbial counts. The firm indicated that the analysis of other
batches demonstrates the need for the proposed specification acceptance criteria for
Mesophilic plate count.
Calysta has further reviewed the historical mesophilic plate counts available to the firm
DQGKDVGHWHUPLQHGWKDWDVSHFLILFDWLRQRIFIXJLVPRVWDSSURSULDWH&DO\VWDKDV
previously tested 276 separate lots of FeedKind® produced during research and development
phases to optimize the production process. Of these lots, 8 results were extremely high (>
FIXJ DQGZHUHH[FOXGHGIURPIXUWKHUDQDO\VHV7KHDYHUDJHRIWKHUHPDLQLQJORWVLV
aFIXJZLWKDVWDQGDUGGHYLDWLRQRIa QRWH for the purposes of these calculations
2

ORWVZKLFKZHUHEHORZWKH/2'RIFIXJZHUHWUHDWHGDVLIWKHDQDO\VLVUHVXOWZDVFIXJ 
7KHDYHUDJHSOXV6'LVDQGVXSSRUWVDILQDOVSHFLILFDWLRQRIFIXJ7KLV
specification would cover 90% of historical lots. Individual lot data is contained in Appendix 2.
To further address the safety of this specification we note that the total mesophilic plate
count is not a safety concern. As described in the submitted notice, the elevated fermentation
temperatures and defined fermentation media which contains a limited carbon source make
contamination of the fermentation process with pathogenic microbes exceptionally unlikely.
Further processing steps, including a heat treatment step, further reduce the likelihood of such
contamination. Additionally, a review of the most similar previous animal GRAS notices (i.e.
microbial biomass ingredients) indicates that Calysta’s specification is not out of line with
previous notices for which CVM has provided “no questions” letters. KnipBio has submitted two
separate GRAS Notices (AGRN 26 and 33) for “Dried Methylobacterium extorquens biomass,”
neither of which contain a specification related to total bacterial counts. DSM’s Notice (AGRN
20) for “Inactivated modified Saccharomyces cerevisiae” set a specification for total bacterial
FRXQWRI 6 FIXP/ZKLFKLVIDUKLJKHUWKDQWKHVSHFLILFDWLRQVHWE\&DO\VWD
ASH CONTENT ACCEPTANCE CRITERIA
3. CVM also noted that the ash content acceptance criteria is not aligned with the
batch analysis results and that the amendment did not contain adequate
justification for this. CVM noted that based on ash content batch results provided,
four standard deviations above the mean ash content (which is 10% ash) contains
99.95% of the population following a normal distribution. The firm indicated that
the proposed acceptance criteria for ash content is needed and that more analysis
results to justify the acceptance criteria for ash content could be provided. CVM
requested that the firm provide an updated specification table containing a
summary of the tests, acceptance criteria, and analytical method citations to capture
revisions incurred through the amendment process.
Appendix 3 contains analyses of 289 lots. This data shows that a true average value for
ash is 8.2% with a standard deviation of 2%. The average plus 2 SD is 12.2% and supports a
specification of 12%. Ash fluctuates predictably due to fermentation stage and productivity.
Startup and low productivity levels in the fermenter deliver higher ash level while high
productivity or steady state operations have lower ash levels. The representative samples had low
ash because they happened to be taken during periods of high productivity. Given that ash is
primarily salts and minerals present in the media, and higher ash is not seen as a health risk
because Calysta concurrently monitors for heavy metals and contaminants directly, we believe
that leaving the ash specification at 12% is appropriate. Ash is not used as a proxy for any other
measurements.
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23.50%
BATCH NUMBER
TEES-005/24
TPP-009/04
TPP-009/06
TEES-004/18
TPP-004/01
TPP-009/05
TPP-013/06
TEES-004/12
TEES-004/15
TEES-004/17
TPP-007/08
TPP-013/02
TEES-004/2

Overall

In-spec samples only
7.97
7.45
1.7

Mean
Median
Std. Deviatio n

8.2
7.6
2.0

Total
6
6 to 8
8 to 10

290
26
138
67

9%
57%
80%

10 to 12
>12

47
13

96%
100%

TEES-009/38
TEES-009/40
TEES-009/68
TEES-009/84
TPP-007/03
TEES-004/47
TEES-004/48
TEES-004/53
TEES-004/55
TEES-004/58
TEES-007/01b
TEES-009/28

6.7
6.7
6.7
6.7
6.7
6.8
6.8
6.8
6.8
6.8
6.8
6.8

TEES-009/39
TEES-009/49
TEES-009/78
TEES-009/83
TPP-008/01
TEES-004/51
TEES-004/46
TEES-004/28
TEES-004/30
TEES-004/37
TEES-004/42
TEES-004/44
TEES-004/51
TEES-004/52
TEES-005/29
TEES-009/14
TEES-009/81
TEES-009/82
TEES-009/88
TPP-004/06
TEES-004/36
TEES-004/37
TEES-004/49
TEES-004/26
TEES-004/41
TEES-009/32
TEES-009/41
TEES-009/70
TEES-009/77
TEES-004/35
TEES-005/26
TEES-009/12

6.8
6.8
6.8
6.8
6.8
6.84
6.85
6.9
6.9
6.9
6.9
6.9
6.9
6.9
6.9
6.9
6.9
6.9
6.9
6.9
6.92
6.95
6.97
7
7
7
7
7
7
7.08
7.1
7.1

TEES-009/71
TEES-004/30
TEES-004/38
TEES-004/47
TEES-004/32
TEES-004/33
TEES-009/30
TEES-009/72
TEES-009/85
TPP-004/07
TPP-004/10
TEES-004/28
TEES-004/40
TEES-004/46
TPP-009/03
TEES-004/55
TEES-004/39
TEES-005/27
TEES-005/28
TEES-009/29
TEES-009/63
TEES-009/80
TEES-009/86
TPP-007/02
TPP-007/04
TEES-004/31
TEES-005/25
TEES-009/15
TEES-009/21
TEES-009/31
TEES-009/19
TEES-009/20

7.1
7.18
7.18
7.18
7.2
7.2
7.2
7.2
7.2
7.2
7.2
7.23
7.23
7.3
7.3
7.34
7.38
7.4
7.4
7.4
7.4
7.4
7.5
7.5
7.5
7.51
7.6
7.6
7.6
7.6
7.7
7.7

23.50%
23.50%
23.50%
23.50%
23.50%
26.90%
26.90%
26.90%
26.90%
26.90%
26.90%
26.90%
26.90%
26.90%
26.90%
26.90%
26.90%
31.10%
31.40%
31.80%
31.80%
31.80%
31.80%
31.80%
31.80%
31.80%
31.80%
31.80%
31.80%
31.80%
31.80%
31.80%
36.30%
36.60%
37.00%
37.30%
37.30%
37.30%
37.30%
37.30%
37.30%
39.40%
39.70%
39.70%
39.70%
40.80%
40.80%
40.80%
41.80%
41.80%
41.80%
41.80%
41.80%
41.80%
41.80%
44.20%
44.20%
44.90%
44.90%
45.60%
46.00%
46.30%
46.30%
46.30%
46.30%
46.30%
48.00%
48.00%
48.00%
49.10%
49.40%
49.40%
49.40%
49.40%
50.80%
50.80%

TEES-009/26
TEES-004/52
TEES-004/42
TEES-005/23
TEES-004/24
TEES-004/34
TEES-004/54
TEES-004/9
TEES-004/53
TEES-004/48
TEES-004/27
TEES-004/38

7.7
7.71
7.74
7.8
7.9
7.9
7.9
7.9
7.94
7.98
8
8

TEES-009/52
TEES-009/58
TEES-009/59
TEES-004/43
TEES-004/54
TEES-004/31
TEES-009/61
TEES-009/62
TPP-004/05
TEES-005/03
TEES-009/64
TEES-009/67
TEES-004/25
TEES-009/16
TEES-009/25
TEES-009/51
TPP-011/01
TEES-005/41
TEES-005/42
TEES-009/17
TEES-009/24
TEES-005/38
TEES-005/40
TEES-005/43
TEES-009/18
TEES-009/23
TPP-008/02
TEES-004/44
TEES-005/31
TEES-005/35
TEES-005/39
TEES-005/47

8
8
8
8.02
8.03
8.1
8.1
8.1
8.1
8.2
8.2
8.2
8.3
8.3
8.3
8.3
8.3
8.4
8.4
8.4
8.4
8.5
8.5
8.5
8.5
8.5
8.5
8.55
8.6
8.6
8.6
8.6

TEES-009/22
TEES-009/53
TPP-013/01
TEES-005/36
TEES-009/35
TEES-009/54
TEES-009/55
TEES-005/45
TEES-009/60
TEES-005/44
TEES-005/48
TEES-009/69
TEES-004/45
TEES-004/26
TEES-005/46
TEES-009/27
TEES-004/36
TEES-009/56
TEES-004/57
TEES-005/13
TEES-005/17
TEES-009/57
TEES-009/39
TEES-005/30
TEES-005/37
TEES-004/50
TEES-004/22
TEES-005/18
TEES-004/14
TEES-004/43
TEES-005/05
TEES-005/10

8.6
8.6
8.6
8.7
8.7
8.7
8.7
8.8
8.8
8.9
8.9
8.9
9.03
9.07
9.1
9.1
9.2
9.2
9.25
9.3
9.3
9.3
9.4
9.5
9.5
9.6
9.62
9.7
9.8
9.8
9.8
9.8

50.80%
51.90%
52.20%
52.50%
52.90%
52.90%
52.90%
52.90%
54.30%
54.60%
55.00%
55.00%
55.00%
55.00%
55.00%
56.70%
57.00%
57.40%
57.40%
57.40%
57.40%
58.80%
58.80%
58.80%
59.80%
59.80%
59.80%
59.80%
59.80%
61.50%
61.50%
61.50%
61.50%
62.90%
62.90%
62.90%
62.90%
62.90%
62.90%
65.00%
65.30%
65.30%
65.30%
65.30%
65.30%
65.30%
65.30%
67.80%
67.80%
67.80%
67.80%
69.20%
69.20%
69.80%
69.80%
69.80%
70.90%
71.20%
71.60%
71.60%
72.30%
72.30%
73.00%
73.30%
73.30%
73.30%
74.30%
74.70%
74.70%
75.40%
75.70%
76.10%
76.40%
76.40%
76.40%
76.40%

GRAS Notice M000091Z0007
Dried Methylococcus capsulatus Product
for use as a source of protein in salmonid species
Calysta, Inc.1
Memorandum of June 3, 2021 Teleconference
FDA-CVM Participants
Dr. Mark Skasko, HFV-224
Dr. Louis Carlacci, HFV-224

Firm Participants, Keller and Heckman
LLP 2
Mr. Melvin S. Drozen
Dr. Preston A. Fulmer
Ms. Jill M. Mahoney
Dr. Ivan J. Boyer
Firm Participants, Calysta, Inc.
Dr. Tomas Belloso
Ms. Lori Giver
Mr. Allan LeBlanc

Background
Calysta, Inc. (the notifier) submitted a generally recognized as safe (GRAS) notice dated
February 28, 2020 (M-000091-A-0000) through its representative Mr. Melvin S. Drozen, Keller
and Heckman LLP. This notice informs the Food and Drug Administration’s (FDA) Center for
Veterinary Medicine (CVM) of the notifier’s conclusion that Dried Methylococcus capsulatus
Product (MCP) is GRAS through scientific procedures as a source of protein in food for
salmonid species at levels up to 18% of the diet. Following an April 23, 2020 meeting with the
notifier (M-000091-Z-0001) and after receiving an amendment dated July 17, 2020 (M-000091T-0002), the notice was filed on August 13, 2020 (M-000091-N-0003) and designated as
GRAS Notice No. AGRN 40.
Meeting Notes
The purpose of this meeting is to request information to clarify questions identified in the
amendment dated April 11, 2021 and discuss how these could be addressed. Specifically, CVM
has questions on the heat kill curve illustrated in Figure 2 and questions on the specification
acceptance criteria.
CVM asked that Figure 2 in the amendment date April 11, 2021 be redone as logarithm of cell
count versus temperature to illustrate the heat kill curve of the production organism. CVM
asked that the data points used for the plot be provided.
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CVM noted that the specification acceptance criteria for Mesophilic plate count contained in the
amendment dated April 11, 2021 are not aligned with the results of the batch analysis, and that
the amendment did not contain adequate justification for this. The firm indicated that additional
analysis results that show the absence of several pathogenic microorganisms could be provided
to demonstrate safety of potential higher microbial counts. The firm indicated that the analysis
of other batches demonstrates the need for the proposed specification acceptance criteria for
Mesophilic plate count. CVM also noted that the ash content acceptance criteria is not aligned
with the batch analysis results and that the amendment did not contain adequate justification for
this. CVM noted that based on ash content batch results provided, four standard deviations
above the mean ash content (which is 10% ash) contains 99.95% of the population following a
normal distribution. The firm indicated that the proposed acceptance criteria for ash content is
needed and that more analysis results to justify the acceptance criteria for ash content could be
provided. CVM requested that the firm provide an updated specification table containing a
summary of the tests, acceptance criteria, and analytical method citations to capture revisions
incurred through the amendment process.
Process Moving Forward and Timeline
CVM explained that the notifier may provide an amendment to address the questions and
comments raised by CVM during the June 3, 2021 teleconference. CVM stated that minutes of
this teleconference will be sent to the notifier via e-mail by June 7, 2021. The amendment can be
sent to animalfood-premarket@fda.hhs.gov within 2 weeks. If no amendment is received, CVM
will proceed with evaluation of the notice.
{see appended electronic signature page}
Louis Carlacci, Ph.D.
Chemist
Chemistry, Manufacturing, and Controls Team, HFV-224
Division of Animal Feeds

