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Keith R. Cadwallader

Ofice/Laboratory: Home:

Bepartment of Food Science 4005 Tumberry Dr.
and Human Nutrition Champaign, [L 61822

University of Hlinois at Urbana-Champaigo

102 Agricultural Bioprocess Laboratory Campus:

1302 West Pennsylvania Avenoe, Urbana, 1L 102 ABL, MC-640

Phone: 217-333-5803; e-mail: cadwildr@illinois.edo

Education

University of Flonda, Gamesville, FL Fall, 1990 Ph.D. Food Science (Chem. minor)

University of Florida Summer. 1987 M.S. Food Science

University of Georgia, Athens, GA Spring, 1985 B.S. Food Science

Professional Experience

2807 -present. Professor of Food Chemustry, Department of Food Science & Huaman Nutrition, University
of Illinois. Research Imterests: Chemistry and analysis of food flavor. Food flavor {(aroma)
characterization and flavor quality determination. Use of instrumental and sensory methods to identify
and quantify character-imapact flavor compounds in foods/agnicultural/industrial materials. Development
of process flavors. Recovery of flavor constituents from food processing by-products. Measurement and
prediction of flavor diffusion, release and binding. Development of methods to stabilize labile flavors.
1999-2007. Associate Professor of Food Chemistry, University of lllinois.

1996-1999, Associate Professor of Food Science, Food Science & Technology, Mississippi State Unuv,
1994-1996. Assistant Professor of Food Science, Migsissippi State University

1991-1994, Assistant Professor of Food Science, Dept. Food Science, Louisiana State University.
§1985-1998. Pre-doctoral Research Fellow, Dept. Food Science & Human Nutrition, Umiv. Flonida.

Current Appointment {UIUC)
Research — 60%; Teaching — 40%

Awards/Hounors

e 2016 College of ACES Senior Facolty Award for Excellence in Research, University of Hhinois,

e 2010 Elected Fellow, Agricultural and Food Chemistry Division of the American Chemical Society.

e Co-recipient, 2008 Donald A Holt Achievement Award, Hlinois Council on Food and Agricultural
Research, presented to the Ithinos Center for Soy Foods leadershup team.

e 2007 Stephen S. Chang Award for Excellence in Lipid or Flavor Science, hstitute of Food
Technologists.

e (o-recipient, 2007 College of ACES Team Award for Excellence, University of Ilinots, presented to
the Hlinois Cender for Sov Foods leadership team

e Co~recipiont, 2005 Bor 8. Luh International Award, Institute of Food Technologists

e UIUC Incomplete list of teachers rated as excellent {(Spr00, Fal00, Fall0l, Spr03, Spr04, 503,
Falls; S5pr06; SprO8; Spri; Fall12; Failld)

e 1996 Alpha Zeta Outstanding Teaching Award

e 1985-1990 FMC Corp. Research Fellowship Recipient

e 1984 Y. Georgia Food Science Department Facultv Scholarship Recipiont

Professional Memberships
Institute of Food Technologists & IFT, Chicago Section
Amencan Chemical Society & ACS, Division of Agriculiural and Food Chemistry
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Teaching Interests and Experience
Teaching interests include food analysis, food chemistry, flavor chemistry and analysis, and sensory
evaluation of foods. Courses taught are listed below,

University of Hlinois

FSHN 418, Food Analysis: 2 b lecture: 6 h lab. Principles and application of the chemical, physical, and
mstrumental methods used to deternune the constituents of foods; special considerations applicable to the
analysis of certain foods.

FSHN 519, Flavor Chemistry and Analysis: 2 4 lecrure: 6 h lab. a graduate level course that involves the
discussion/demonsiration of the chemistry, manufacture/delivery and analysis (seusory, instrumental, and
physical} of food flavor,

Mississippi State University

FST 4114/6114 Analysis of Food Products: 2 h lecture; 6 h lab. Principles, methods and techniques for
guantitative, physical, chemical, and/or biological analysis of food products and ingredients.

EST 424176241 Applied Food Chemistry: 2 b lab. Basic laboratory experiments to provide understanding of
the function and interactions of chennical components of tood.

FST 8163 Flavor and Food Acceptance: 2 h lecture; 1 h demonstration. Theory and apphcation of sensory
evaluation and analytical chemistry technigues for the analysis of food flavor.

Louisiana State University

FDSC 4030 Fgod Compasition and Anglysis: 2 h. lecture; 6 h lab. Principles, methods and techniques for
quantitative, physical, chemical, and/or biological analysis of food products and ingredients.

FDSC 7040 Flavor and Colors of Foods: 2 b lecture; 3 lab. Methods of chenncal, physical, and mstrumental
analysis of food colors and flavors; natural and synthetic flavorings and colorants.

Research Publications

Books Edited {5)

Cadwallader, K.R. and Chang, S K.C. (Eds.). 2010, Chemistry, Texture and Flavor of Soy. ACS Symposium
Sertes 1059, Amernican Chemical Society, Washington, DC.

Cadwallader, K.R.,, Drake, M.A. and McGorrin, RJ. (Eds) 2007 Flavor of Dairv Products. ACS
Symposium Series 971, American Chenical Society, Washington, DC.

Cadwallader, KR and Weenen, H. (Eds.). 2003, Freshness and Shelf Life of Foods. ACS Symposium Series
836, American Chemical Society, Washington, DC.

Rouseff, R.1L. and Cadwallader, K.R. (Eds.). 2001, Headspace Analysis of Foods and Flavor: Theory and
Practice. Kluwer Academic/Plennum Publishers, New York.
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Shahidi, F. and Cadwallader, K.R. (Eds.}. 1997, Flavor and Lipid Chemistry of Seafoods. ACS Symposium
Series 674, American Chemical Society, Washington, DC.

Patent Applications (1)

Cadwallader, K R and Fang, M.-C. 2014, Stabilized compositions and methods of manufacture. US
Patent Application US 2014/0273543 Al

Book Chapters (57}

Cadwallader, K.R. 2016, Flavor challenges m functional beverages. Chapter 3. In Handbook of
Functional Beverages and Human Health. Alasalvar, C. and Shabidi, F. (Eds.j, CRC Press, pp. 27-34.

Yin, Y., Cadwallader, K. R and Fang, M.-C. 2015, A novel method for the stabilization of the potent
odorant Z-acety-l-pyrroline. In Flavour Science: Proceedings of the XIV Weurman Flavour Research
Svmposium, Taylor, Al and Mottram, DS (Eds.), Context Products Ltd, Leicestershire, UK, pp. 371-
574

Bumside, E. and Cadwallader, K. R 2014, Aroma components of commercial and self-prepared rum
ethers. In Current Topics in Flavor Chemistry and Biclogy: Proceedings of the 9th Wartburg Symposium
on Flavor Chemistry & Biology, T. Hofinann, W. Krautwurst, D, and Schicberle, P. (Eds.), Eigenverlag
Deutsche Forschungsanstalt fiir Lebensmitteichemie, Freising, Germany, pp. 244-249,

Moran, L., Yin, Y. Cadwallader, K R and Padua, GW. 2014, Testing tools and physical, chemical, and
microbiological characterization of microencapsulated systems. In Microencapsulation in the Food
Industry: A Practical Implementation Guide. Gaonkar, A., Vasisht, N, Khare, A. and Schel, R (Eds ).
Academic Press/Elsevier Inc., Oxford, UK, pp. 323-352.

Lorjaroenphon, Y., Hausch, BJ. and Cadwallader, K. R. 2014, Formation and stability of 2 3-dehvdro-
1.8-cineol in a model carbonated beverage system. In #Flaver Science: Proceedings from the XIJ
Weurman Flavour Research Symposium, Elsevier, Inc. Oxford, UK.

Fang, M. and Cadwallader, K.R. 2012, Improved synthesis of deuterium-labeled alky] pyrazines for use in
stable isotope dilution analysis. In Recent Advances in the Analysis of Foods and Flavor Mussinan, C. et
al. (Eds.). ACS Svmposiom Serics 1098, Amernican Chemical Socicty, Washington, DC, pp. 57-69.

Lahne, J and Cadwallader, KR, 2012, Streamlined analysis of potent odorants in distilled aleoholic
beverages. In Chemistry and Flavor of Alcoholic Beverages. (nan, M. et al, (Eds.}. ACS Symposium
Series 1104, American Chemical Society, Washington, DC, pp. 37-33.

Cadwallader, K.R., Potts, .. Brisske-BeVier, L. and Mirarefi, 8. 2011, Coniribution of volatile sulfur
compounds to the characteristic aroma of roasted gartic. In Volatile Sulfur Compounds in Food. (Jian,
M.C, Fapn, X, and Mahattanatawee, K. (Eds). ACS Sympostum Series 1068, American Chemical
Society, Washington, DC, pp. 137-151.

()
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Genthner, LR, and Cadwallader, K.R. 2011, Structure-odor relationships of selected esters with (Z.7}-
3.6-nonadiene backbone structarcs. In Advances and Challenges in Flavor Chemistry & Biology:
Proceedings of the Yth Wartburg Symposium on Flavor Chemistry & Biology, T. Hofmann, W. Meyethof,
P. Schieberle, Eds., FEigenverlag Deutsche Forschungsanstalt fir Lebensouticlchemie, Garching,
Gemany, pp. 123-128.

Kim, HK. and Cadwallader, K.R. 201 1. Instrumental analysis of seafood flavor. In Handbook of Seafood
Quality, Safety and Health Applications. Alasalvar, C., Shahidi, F., Mivashita, K. and Wanasundara, U.
{Eds.}. Blackwell Publishing Lid., UK, pp. 50-67.

Cadwallader, K.R., Moore, J.J., Zhang, Z. and Schmidt, SJ. 2010, Comparison of spray drying and
Refractance Window ™ drying technologies for the encapsulation of orange oil. In Recent Advances in
Food and Flavor Chemistry: Food Flavors and Encapsulation, Health Benefits, Anaivtical Methods, and
Molecular Biclogy of Functional Foods. Ho C.-T., Mussinan, C.J., Shahidi, ¥, and Tratras Contis, E.
(Eds.). The Roval Socicty of Chemistry, Cambridge, UK, pp. 246-234.

Sun, £, Cadwallader, K.R. and Kim, H 2010. Comparison of key aroma components between soyulks
prepared by cold and hot grinding methods. In Chemistry, Texture and Flavor of Sop. Cadwallader, KR
and Chang, SK.C. (Eds)). ACS Sympostum Series 1059, American Chemical Society, Washington, BC, pp.
361-373.

Suppavorasatit, §. and Cadwallader, K.R. 2010, Flavor-soy protein interactions. In Chemistry, Texture and
Flavor of Sov. Cadwallader, K.R. and Chang, SK.C. (Eds). ACS Svmposium Series 1039, Amencan
Chemical Society, Washington, DC, pp. 339-339.

Cadwallader, KR, Tamamoto, L.C. and Sajuti, S.C. 2010, Aroma components of fresh and stored
pomegranate (Punica granaium L) joice. In Flavors in Noncarbonaied Beverages. Da Costa, N.C. and
Cannon, RJ. (Eds)). ACS Symposium Series 1036, American Chemical Society, Washington, DC, pp.
93-101.

Liu, G.-L. and Cadwallader, K.R. 2010, Aroma-impact components of “Carlos” muscadine grape juice. In
Flavor and Health Benefits of Small Fruits. Gian, M.C. and Rimando, A M. {Eds.}. ACS Symposiom
Series 1035, American Chemical Society, Washington, DC, pp. 63-77.

Cadwallader, K.R. and Singh, T. 2009, Flavours and oft-flavours in mulk and daury products. In Advanced
Dairy Chemistry-Volume 3. Lactose, Water, Salts and Minor Constituenis. McSweeny, P.L.H. and Fox,
P ¥ (Eds) Springer Science+Busiess Media, LLC, New York, pp. 631-690.

Cadwallader, K. R. and Puangpraphant, 5 2008 Volatile compounds in tree nuts. In Tree Nut s
Composition, Phytochemicals, and Health Effects. Alasalvar, €. and Shahidi, F. (Eds)) Tayvlor and
Francis, LLC, Boca Raton, FL, pp. 109-125.

Singh, T. and Cadwallader, K.R. 2008, Cheesc. In Dairy Processing and Quality Assurance. Chandan,
R.C., Kilara, A. and Shah, N, {Eds)), Wiley-Blackwell, Danvers, MA, pp. 273-308.

Lorjaroenphon, Y., Cadwallader, K.R., FKam, H. and Lee, 5-Y. 2008, Evaluation of key odorants in
chipotle pepper by guantitative analysis, calculation of odor activity values and omission studies. In
Recent Highlights in Flavor Chemistry and Biology: Proceedings of the &" Warburg Symposium on
Flavor Chemistry & Biology, Hofmann, T., Meverhof, W. and Schicberle, P. {Eds). Deutche
Forschungsanstalt fiir Lebensmittelchemie, Garching, Germany, pp. 191-200.
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Zhou, 3. and Cadwallader, K. R. 2008 Measurement of flavor-sov protein interactions in low-moisture
solid food systems by inverse gas chromatography. Ch. 4. In Food Flavor: Chemistry, Sewnsory
Fvalwation and Biological Activity. Tamura, H., Ebeler, S.E., Kubota, K. and Takeoka, G.R. (Eds.). ACS
Symposiwm Series 988, American Chemical Socicty, Washington, DC., pp. 45-54.

Cadwallader, K.R. 2007. Wood smoke flavor. In Handbook of Meat, Poultry & Seafood Quality. Nollet,
LML (Ed) and Bovisten, T, Chen, F. Coggins, P.C., Glona, MB., Hyldig, G., Kerth, CR., McKee,
L.H., Hui, Y.H. (Assoc. Eds ), Blackwell Publishing, Inc., Lancaster, PA, pp. 201-210.

Cadwallader, K.R. 2007. Measuring cheese flavour. In Improving the Flavour of Cheese. Weimer, B.
(Ed.}, Woodhead Publishing Lid., Cambridge, UK, pp. 401412,

Cadwallader, K.R, Singh, TK. and Jerrell, JP. 2007, Streamlined analysis of short-, mediom- and long-
chain free fatty acids in Dairy Products. In Flavor of Dairy Products. Cadwallader, KR, Divake, M A and
McGorrm, RJ. (Eds). ACS Symposiwm Series 971, Amencan Chemical Society, Washington, DC. pp. 111-

122,

Drake, MLA | Cadwallader, KR, Canunchia Whetstine, ML.E. 2007, Establishing links between sensory and
mstrmental analyses of dairy flavors: Example Cheddar cheese. In Flavor of Dairy Products. Cadwallader,
KR, Drake, MA. and McGormrin, RJ. (Eds). ACS Symposium Series, Amernican Chemical Society,
Washington, DC ., pp. 51-77.

Singh, T.K., Cadwallader, K R. and Drake, M.A. 2007, Flavor of dairy products. In Handbook of Food
Products Manmifacturing:  Health, Meat, Milk, Poultry, Seafood, and Vegetables. Hui, Y H. (Ed.}, Iohn
Wiley & Sons, Inc., Hoboken, NJ, pp. 715-748.

Drake, M.A, Miracle, R E., Caudle, A D, and Cadwallader, K. R. 2007, Relating sensory and instrumental
analyses. In Sensory-Directed Flavor Analysis. Marsihi, R {Ed). CRC Presg/Tavior & Francis Group,
LLC, Boca Raton, FL, pp. 23-34,

Cadwallader, KR, Gnadt, T.A. and Jasso, L. 2007, Aroma components of chipotle peppers. In Chemisory
and Flavor of Hispanic Foods. Tunick, M. and Gonzales de Mejia, E. (Eds), ACS Svraposium Scries 946,
Amencan Chemical Society, Washington, DC, pp. 37-66.

Lecona-Unbe, S.. Loarca-Piia, (., Arcla-Lozane, €. and Cadwallader, KR, 2007 Chemical
characterization of Lippa graveolens Kunth and its comparnison to Origanum vulgare and Origanum
laevigarum herrenhausen. In Chemistry and Flavor of Hispanic Foods. Tumick, M. and Gonzales de
Mejta, E. (Eds), ACS Symposium Scries 946, Amencan Chemical Society, Washington, DC, pp. 45-56.

Lozano, P.R., Cadwallader, K R, and Gonzales de Mejia, E. 2007, Identification of charactenstic aroma
components of Mate ({lex paraguariensisy tea. In Chemistry and Flavor of Hispanic Foods. Tunick, M.
and Gonzales de Mepa, E. (Eds), ACS Svmposium Series 946, American Chemical Society, Washington,
DC, 143-152.

Cadwallader, KR, Drake, M.A | Carunchia-Whetstine, ME. and Singh, T} 2006 Characterisation of
Cheddar cheese flavowr by sensory directed mstrumental analysis and model stadies. In Flavour Science:
Recent Trends. Bredie, W.P. and Peterson, M.A. (Eds.), Developments in Food Science 43, Elsevier, New
York, pp. 157-160.
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Jarunrattanasn, A, Cadwallader, K R, Theerakalkait, C. 2005, Aroma and amino acid composition of
hydrolyvzed vegetable protein from rice bran. In Process and Reaction Flavors, Weerasinghe, DK, (Ed.},
ACS Symposium Series 905, American Chemical Society, Washington, DC, pp. 83-97.

Cadwallader, KR, Benitez, D, Popanapimol, 5., Syrivaphan, ¢ and Singh, T. 2003, Characteristic
aroma components of the cilantro mimics. In. Natural Flovors and Fragrances, Frey, C. and Rouseff, R,
{Eds.}, ACS Symposium Series 908, American Chemical Socigty, Washington, DC, pp. 117-128.

Cadwallader, K.R. 2003, Flavor and volatile metabolism in produce. Chapter 6. In Produce Degradation:
Pathways and Prevention, Lamikanra, O., Imam, $ H and Ukuku, D.O. (Eds.), CRC Press LLC, Boca
Raton, FL, pp 155-189.

Popjanapimol, S., Chaiseri, S, and Cadwallader, K. 2004, Heat-indaced changes m aroma components of
holv basil (Ocimum sancrum 1.}, Ch. 15. In Handbook of Flavor Characterization: Sensory analvsis,
chemistry, and physiology, Dhebler, KD, and Delwiche, ¥ (Eds)), Marcel Dekker, Inc., New York, pp.
217-230.

Singh, TK. and Cadwallader, K.R. 2004, Ways of measuring shelf-life and spoilage. Ch. 9 In
Understanding and Measuring the Shelf-life of Food, Steele, R. (Ed.}. CRC Press LLC, Boca Raton, FL,
pp. 165-183.

Cadwallader, KR, Lopez, 1R, Menke, 5.D. and Surakarnkel, R 2003, Aroma components of wines
from Chardonel - A French-American hybnid grape. In Nutraceusical Beverages. Chemistry, Nutrition,
and Health Effects, Shahidi, F. and Weerasinghe, D K. (Eds}, ACS Symposium Senes 871, American
Chemical Society, Washington, DC, Chapter 27.

Karagil-Yiceer, Y., Drake, M.A. and Cadwallader, KR 200Z. Aroma characterization of fresh and
stored nonfat dry milk. In Fresimess and Shelf Life of Foods Cadwallader, K. R and Weenen, H. (Fds)
ALS Symposiom Series 836, American Chemical Society, Washington, DC, pp. 108-123.

Singh, T K. and Cadwallader, K.R. 2002, The shelf life of foods: An overview. In Freshmess and Shelf Life
of Foods. Cadwallader, KR, and Weenen, H. (Eds.), ACS Symposium Series 836, Amencan Chemical
Socicty, Washington, DC, pp. 2-21.

Cadwallader, K.R. 2001, Flavor chenustry of saffron. In Caretencid-derived Aroma Compounds.
Winterhalter, P. and Rouseff, RL. (Eds). ACS Symposium Series 802, American Chemical Society,
Washington, DC, pp. 220-239.

Cadwallader, K.R. and Heo, J. 2001. Aroma of roasted sesame oil: Characterization by direct themmal
desorption-gas chromatography-olfactometry and sample dihtion analysis. In Gas Chromatograpiy-
Olfactometry: The State of the Art. Leland, 1V Schicherle, P.; Buettner, A, Acree, TE. (Eds) ACS
Symposium Series 782; Amernican Chemical Society, Washington, DBC, pp. 187-202.

Cadwallader, K.R. and Shaludi, F. 2001. Identification of potent odorants in seal blubber ol by direct thermal

desorption-gas chromatographv-olfactometry. In Omega-3 Fuattv Acids: Chemistry, Nuirition, and Health

#ffects. Shahidi, F. and Fmley, JW. (Eds} ACS Symposium Senes 788, American Chemical Society,
Tashington, DC, pp. 221-234.
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Rouseft, R. and Cadwallader K. 2001. Headspace techniques in foods, fragrances and flavors. In Headspace
Anaiysis of Foods and Flavor: Theory and Practice. Rouseff, R L. and Cadwallader, K.R., (Eds.}. Advances
m Expernimental Medicine and Biology, Volume 488, Klawer Academic/Plennum Publishers, New York, pp.
1-8.

Webb, T.E. and Cadwallader, K.R. 2001. Aroma components of an oil-based gnll flavoring by direct thermal
desorption-gas chromatography-olfactometry and sample dilotion analysis. In Headspace Analvsis of Foods
and Flavor: Theory and Practice. Rouseff, R.L. and Cadwallader, K.R., (Eds.}). Kluwer Academic/Plennum
Publishers, New York, pp. 143-150.

Cadwallader, K.R. 2000. Flavor recovery from crustacean processing bv-products. In Seafood in Health
and Nutrition. Transformation in Fisheries and Aguaculture: Glohal Perspectives. Shahidi, ¥. (Ed.).
ScienceTech Publishing Co., St John's, Canada, Ch. 12, pp. 159-168.

Cadwallader, K.R. 2000. Enzymes and flavor biogenesis in fish. In Seafpod Enzymes. Haard, NF. and
Stmpson, B.K. (Eds.). Marcel Dekker, Inc., New York, pp. 365-383.

Cadwallader, KR, Surakarnkul, R, Yang, S-P, and Webb, T. 1999 Characterampact aroma
components of coriander {Coriandrum sativum} herb. In Flavor and Chemistry of Ethnic Foods. Shahdi,
F.and Ho, C.-T. (Eds.). Plenum Publishing Corporation, New York.

Cadwallader, K.R. and Back, HH. 1998, Aroma-impact components in cooked tailmeat of freshwater
cravfish (Frocambarus clarkii). fn Food Flavors: Formation, Analysis and Packaging Influences. Contis,
ET., Ho, CT.; Mussinan, C.J, Parliment, T.H., Shahidi, F., Spanier, A M. (Eds.), Elsevier Science BV |
Amsterdam.

Cadwallader, K.R. and Howard, C.1.. 1998 Analvsis of aroma-components of light-activated milk. In
Flavor Analysis: Developments in Isolafion and Characterization. Mussinan, CJ. and Morello, MJ.
{Eds.}. ACS Svmposium Series 705, American Chemical Society, Washington, DC, pp. 343-358.

Cadwallader, KR. and MacLeod, AJ. 1998, Instrumental methods for analyzing the flavor of muscle
foods. Ch. 16. In Flavor of Meat, Meat Products, and Seafoods, 2" Ed. Shaldi, F. (Ed). Blackic
Academic & Professional, New York.

Back, HH. and Cadwallader, K.R. 1997, Character-impact aroma components of crustaceans. In Flavor
and Lipid Chemistry of Seafoods, Shahidi, F. and Cadwallader, K R. (Eds.}. ACS Symposium Series. 674.
American Chemical Society, Washington, DC, pp. 85-94.

Weng, H.-J, Cadwallader, K.R., Back, HH., D’Abramo, LR.D,, and Sullivan, J A, 1997, Manipulating
the flavor of freshwater crustacea using postharvest scawater acclimation. In Flavor and Lipid Chemistry
of Seafoods, Shahidi, F. and Cadwallader, K R. (Eds.). ACS Svmposivm Series. 674, American Chemical
Society, Washington, BC, pp. 120-130.

Cha, Y.J., Lee, GH., Cadwallader, K.R. 1997, Aroma-active compounds in salt-fermented anchovy. In
Flavor and Lipid Chemistry of Seajoods, Shaldi, F. and Cadwallader, KR, (Eds.}. ACS Symposiom
Series. 674, American Chemical Society, Washington, DC, pp. 131-147.

Shahidi, F. and Cadwallader, K.R. 1997, Flavor and lipid chemistry of seafoods: An overview. In Flavor apd

Lipid Chemistry of Seafoods, Shahidi, ¥, and Cadwallader, KR (Eds}. ACS Symposiwm Series 674
American Chemical Society, Washington, DC, pp. 1-8.
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Cadwallader, KR, Back, HH,, and Cai, M. 1997, Characterization of saffron flavor by aroma extract
dilution analysis. In Spices. Flavor Chemistrv and Antioxidant Properties., Risch, 8.1 and Ho, C.-T.
{(Eds.}. ACS Symposium Series 660. Amenican Chemical Society, Washington, DC, pp. 66-79.

Braddock, RJ. and Cadwallader, K R. 1995 Bioconversion of citrus d-limonene. In Fruit Flovors:
Biogenesis, Characterization, and Autheniication, Rouseff, R.L. and Leahy, M.M. (Eds ). ACS Symposium
Series 596. American Chemical Society, Washington, DC, pp. 142-147.

Cadwallader, KR, Back, HH,, Chung, HY ., and Moody, MW. 1994, Contribution of lipid-derived
components to the flavor of alligator meat. In Lipids in Food Flavors, Ho, C.T. and Hartman, T.G. (Eds)
ACS Symposium Series No. 558, American Chemical Society, Washington, DC, pp. 186-195.

Cadwallader, K.R. and Braddock, R 1992, Enzvmatic hydration of (4R)-(+)-limonene to {(4R)-(+}-au-
terpineol. In Developments in Food Science: Food Science and Hhmoan Nuivition, Volume 29, Charalambous,
G. (Ed.) Elsevier, New York, pp. 571-584.

Journal Articles {96)

Erten, E.S and Cadwallader, K R. 2017 Identification of predominant aroma components of raw,
dry roasted and oil roasted almonds. Food Chem. 217:244-253

Kelly, L. and Cadwallader, K.R. 2016, Identification and quantitation of potent odorants in
spearmint oil. J. Agric. Food Chem. (ubmitted).

Donovan I, Cadwallader K, Lee Y, 2016. Volatile retention and morphological properties of
microencapsulated tributyrin varied by wall material and drving method. J. Food Sci. 81: E643-
FO50,

Suteebut, N, Chanthachum, S, Intarapichet, K., Cadwallader, K. R and Miller, M.J 2016
Factors affecting conjugated linoleic acid production by Lactobacillus plantarum GSI 303,
Intern. Food Res. J. 23: 1739-1746.

Erten, E.8 and Cadwallader, K. R. 2017, Identification of predominant aroma components of raw,
dry roasted and ol roasted almonds. Food Chem. 217:244-253.

Lapsongphon, N., Yongsawatdigul, J and Cadwallader, K. R. 2015 Identification and
characterization of the aroma-impact components of That fish sauce J. Agric. Food Chem. 65:
2628-2638.

Thompson-Witrick, K A, Rouseff, R L., Cadwallader, K. R, Duncan, S.E., Eigel, W.N., Tanko, } M. and
O’Keefe, S.F. 2015 Comparison of two extraction technigues, sohid-phase microestraction versus
continuous hqud-higuid extraction/solveni-assisted tlavor evaporation, for the analysis of flavor
compounds in gueuze lambic beer. J. Food Sci. 80: C5371-C576.

Tinchan, P, Lonaroenphon, Y., Cadwallader, K R, and Chaiseri, S, 2015, Changes i the profile of
volatiles of canned coconut milk during storage. J. Food Sci. 80: €49-C54.
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Lorjaroenphon, Y. and Cadwallader, K.R. 2013, Tvpical odorants of cola-flavored carbonated beverages -
Part L Hentification of potent odorants by aroma extract dilution analysis. J. Agric. Food Chem. 63: 769-
775,

Lonjaroenphon, Y. and Cadwallader, K R. 2015 Typical odorants of cola-flavored carbonated beverages -
Part I} Charactenization of potent odorants by quantitative analysis and seosory studies of aroma
reconstitution and omission models. I. Agric. Food Chem. 63: 776-786

Hausch, BH,, Lorarcenphon, Y. and Cadwallader, KR, 2013, Flavor chemistry of lemon-lime
carbonated beverages. 1. Agric. Food Chem. 63: 112-119.

Kiatbenjakul, P, Intarapichet, K-O. and Cadwallader, K. R. 2015 Characterization of potent odorants in
male giant water bug (Lethocerus indicus Lep. and Serv.), an important edible insect of Southeast Asia.
Food Chem. 168: 639-647

Buttara, M., Intarapichet, K.-O. and Cadwallader, KR. 2014, Characierization of potent odorants in Thai
chempedak frwt (Ariocarpus integer Merr), an exotic frunt of Southeast Asia. Food Research
International 66: 388-395.

Fang, M. and Cadwallader, K.R. 2014. Stabilization of the potent odorant Z-acetyl-1-pyvrroline and
structural analogs by complexation with zinc halides. J. Agric. Food Chem. 62; 8808-8813.

Yang, X., Lonjarcenphon, Y., Cadwallader, KR, Wang, X, Zhang, Y., Lee, J. 2014, Analvais of particle~
borne odorants emitted from concentrated amimal feeding operations. Sci. Total Environment 490, 322-
333

Kiatbenjakul, P, Intarapichet, K.-O. and Cadwallader, K.R. 2014, Indentification of potent sulfur-
containing odorants in scent glands of edible giant water bug, Letheerus indicus (Lep. and Serv.). Flavour
Frangrance §. 29(2): 107-113.

Fang, M. and Cadwallader, K.R. 2013, Convenient synthesis of stable deuterium labeled alkvl pyrazines
for use in stable isotope dilution assays. J. Agnc. Food Chem. 61: 3580-3588.

Kim, H., Cadwallader, K.R., Kido, H, Watanabe, Y. 2013, Effect of addition of commercial rosemary
extracts on potent odorants in cooked beef. Meat Sci. 94: 170-176.

Lee, H, Kim, H., Cadwallader, KR, Feng, H. and Marin, S E. 2013, Sonication in combination with
heat and low pressure as an altemative pasicurization treatment — Effect on Escherichia coli K12
mactivation and quality of apple cider. Ultrasonies Sonochemistry 20(4); 1131-1138.

Lapsongphon, N., Cadwallader, K R, Rodiong, S., and Yongsawatdigul, J. 2013, Characterization of
protein hydrolysis and odor-active compounds of fish sauce woculated with Firgibaciflus sp. SK37 under
reduced salt content. J. Agric. Food Chem. 61: 6604-6613.

Suppavorasatit, 1, Lee, §.-Y. and Cadwallader, K.R. 2013, Effect of enzyvmatic protein deamudation on
protein solubility and flavor binding properties of soymilk. I. Food Sci. 78 C1-C7.

Suppavorasatit, 1. and Cadwallader, K.R. 2012, Effect of enzvmatic deamidation of soy protein by potemn-

glutaminase on the flavor-binding properties of the protein under agueous conditions. J. Agric. Food
Chem. 60: 7817-7823.

Motif Exhibit 1150, Page 277 of 1599



Case No.: IPR2023-00207
U.S. Patent No. 11,224,241
Keith R. Cadwallader Supporting Documentation

Kaewka, K., Theerakulkait, C. and Cadwallader, K R. 2011 Effect of drying and prohine addition on
aroma volatile compounds of acid-hydrolyzed rice bran protein concentration. International J. Food Sci.
Technol. 46; 16341660,

LaFond, 8., Jerrell, J P, Artz, W.E. and Cadwallader, K.R. 2011, Formation of 4-hvdroxyv-2-(¥}-nonenal
i a comn-soy oil blend: A controlled heating stedy using a French fried potato model. J. Am. (il Chem.
Soc. 88: 763-772.

Suppavorasatit, [., Gonzales de Mejia, E. and Cadwallader, K.R. 2011, Optimization of the enzymatic
deamidation of sov protein bv protein-glutanvnase and its cffect on the functional properties of the
protein. §. Agric. Food Chem. 59: 11621-11628.

Lee, 1.-W, Thomas, L.C., Jerrell, I, Feng, H., Cadwallader, K.R. and Schmidt, §.J 2010, lnvestigation of
thermal decomposition as the kinetic process that causes the loss of crystatline structure 1n sucrose using a
chemical analysis approach (Part II). J. Agric. Food Chem. 59: 702-712.

Kaewka, K., Theerakulkait, C. and Cadwallader, KR 2009 Effect of preparation conditions on
composition and sensory aroma characteristics of acid hydrolyzed rice bran protein concentrate. J. Cergal
Sei. 30: 56-60.

Kim, H., Cadwaliader, KR, Jeong, E.-J. and Cha, Y.-§. 2009 Effect of refrigerated and thermal storage
on the volatile profile of commercial ascptic Korean soymilk. J. Food Sei. Nutr. 14: 76-85.

Watcharananun, W, Cadwallader, KR, Huangrak, K. Kim, H. and bLonarcesphon, Y. 2009
Identification of predominant odorants i That desserts flavored by smoking with “tian op”, a traditional
Thai scented candle. §. Agric. Food Chem. 37: 996-1005.

Radadia, A., Mascl, R.L, Shannon, M.A ., Jerrell, J P. and Cadwallader, K R. 2008 Micromachined GC
columns for fast separation of organophosphonate and organosulfur compounds. Anal. Chem. 80, 4087-
4094,

Song, H., Cadwallader, K.R., and Singh, T.K. 2008. QOdour-active compounds in Jinhua ham. Flavour
Fragr. 1. 23: 1-6.

Stetzer, AJ., Cadwallader, K., Singh, TK, McKeith, FX and Brewer, M5 2008 Effect of
enhancement and ageing on flavor and volatile compounds in various beef muscles J. Meat Sci. 79 13-
19.

Rotsatchakul, P, Chaisens, 8. and Cadwallader, K.R. 2008, Identification of charactenstic aroma
components of Thai fried chili paste. §. Agric. Food Chem. 56: 528-336.

Song, H. and Cadwallader, K.R. 2007, Aroma components of American couniry ham. J. Food 5¢i. 73:
C29-C35.

Lozano, PR, Miracle, ER., Krause, AJ, Drake M.A and Cadwallader, K.R. 2007, Effect of cold
storage and packaging material on the major aroma components of sweet cream butter. J. Agric. Food
Chem. 55 7840-7846.

Jarunrattanasri, A., Theerakulkait, C and Cadwallader, K.R. 2007. Aroma components of acid-

hvdrolyzed vegetable protein made by partial hvdrolysis of rice bran protein. 1. Agric. Food Chem. 35
3044-3050,
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Lozano, PR, Drake, M A, Benitez, D and Cadwallader, K. R 2007, Instrumental and sensory
characterization of heat-induced odorants in aseptically packaged soy milk J. Agric. Food Chem. 55
3018-3050.

Ni, Z., Jerrell, 1P, Cadwallader, K R. and Masel, R 1 2007. Metal-organic frameworks as adsorbents for
trapping and preconcentration of organic phosphonates. Anal. Chem. 79: 1260-1293.

Ugarte-Romero, E., Feng, H., Martin, 8., Cadwallader, K. R, and Robinson, 5. 2006, Inactivation of
Fscherichia cofi with power ultrasound m apply cider. J. Food Sci. 71(2): E102-108.

Zhou, Q. Lee, 85.-Y. and Cadwallader, K.E. 20606, Inverse gas chromatographic evaluation of the
influence of soy protein on the binding of selected buticr flavor compounds m a wheat soda cracker
system. I, Agric. Food Chem. 54; 5516-3520.

Zhou, Q. and Cadwallader, K R. 2006. Effect of flavor compound chemical structure and environmental
relative humidity on the binding of volatile flavor compounds to dehydrated Soy protein 1sclates. J. Agric.
Food Chem. 54; 1838-1843.

Bohn DM, Cadwallader KR, and Schmidt SI. 2005, Development and validation of a dynamic vapor
sorption-fast gas chromatography-flame ionization detection method for rapid analysis of volatile release
from glassy matnices. I Agric. Food Chem. 33: 3149-3155.

Bohn DM, Cadwallader KR, and Schmidt 8J. 2005, Use of DSC, DVE-DSC, and DV S-fast GC-FID to
evaluate the physicochemical changes that occur 1n artificial cherry Durarome® upon humidification. § Food
Sci. 70(2): E109-16.

Carunchia-Whetstine, MLE., Cadwallader, K.R. and Drake, MA. 2005, Characterization of aroma compounds
responsible for rosev/floral flavor in Cheddar cheese. J. Agric. Food Chent. 53: 3126-3132.

Singh, TK., Young, N.D., Drake, K R. and Cadwallader, K R. 2005, Production and sensory characterization
of a bitter peptide from beta-casein. J. Agric. Food Chem. 53: 1185-1189.

Alasalvar, C., Odabast, A.Z., Demir, N., Balaban, M.O., Shahidi, F. and Cadwallader, K.R. 2004. Volatiles
and flavor of five Turkish harelnmut varietics as evahiated by descriptive sensory analysis, electronic nose, and
dyvnamic headspace analysis/gas chromatography-mass spectrometry. §. Food Sci. 69:99-106.

Avsar, Y K., Karagul-Yuceer, Y., Drake, M.A, Smgh, TK., Yoon, Y. and Cadwallader, K.R. 2004,
Charactenization of nutty flavor in Cheddar checse. J. Dairy Sci. 87:1999-2010.

Brisske, LK, Lee, §.-Y, Kiein, B P, Cadwallader, K.R. 2004. Development of a prototype high-energy.
nutrient dense food product for emergency relief. . Food S¢i. 69(9): 8361-5367.

Zhou, 3. and Cadwallader, K.R. 2004. Inverse gas chromatographic method for measwrement of
imteractions between sov protein isolate and selected flavor compounds under controlled relative
humdity. J. Agric. Food Chem. 52: 6271-6277.

Zhou, (., Guthrie, B. and Cadwallader, K.R. 2004, Development of a svstem for measurement of

permeability of aroma compounds through multilaver polymer films by coupling dynamic vapor sorption
with purge-and-trap/fast gas chromatography. Packaging Technol. Sci. 17:173-185.
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Singh, TK., Drake, M A, and Cadwallader, K.R. 2003 Flavor of Cheddar cheese: A chemical and
sensory perspective. Comprehensive Reviews in Food Science and Food Safety (CRFSFS) 20 139-162.

Karagul-Yuceer, Y., Viahovich, KN, Drake, MA and Cadwallader, K.R. 2003, Charactenistic aroma
componenis of rennet casein. J. Agac. Food Chem. 31; 6797-6301.

Karagul-Yuceer, Y., Drake, M A and Cadwallader, K.R. 2004, Evaluation of the character-tmpact odorants
in skim milk powder by sensory studies on model maxtures. J. Sensory Stud. 19:1-14.

Kaatsrichart, 5., Brewer, MLS | Cadwallader, K R, and Artz, W .E. 2003, Pan frying stability of NuSun 0il, a
mid-oleic sunflower o1l J. Am. Oil. Chem. Soc. #0(5): 479-483.

Alasalvar, C., Shalidi, F. and Cadwallader, KR 2003, Comparision of natural and roasted Turkish
Tombul hazelmut (Corylus avellana 1.} volatiles and flavor by DHA/GC/MS and deseriptive sensory
analysis. }. Agric. Food Chem. S1{17): 5067-5072.

Drake, ML A, Kamagul-Yuceer, Y, Cadwallader, K R, Civille, GV, and Tong, P.5. 2003, Determunation of
the sensory attributes of dned milk powders and dairy ingredients. J. Sensory Studies 18(3): 199-216.

Karagul-Yuceer, V., Drake, M A and Cadwallader, K.R. 2003, Aroma-active components of hguid Cheddar
whev. J. Food Science 68(4): 1215-1219.

Drake, MA | Gerard, P.D., Wright, 8., Cadwallader, KR, and Civille, G V. 2002. Cross validation of a
sensory language for Cheddar cheese. . Sensory Studies 17: 215-227.

Karagul-Yuceer, Y., Cadwallader, K. K. and Drake, ML.A. 2002, Volatile flavor componenis of stored nonfat
dry nulk. J. Agric. Food Chem. 50(2): 305-312.

Wu, Y.-F.G. and Cadwallader, K.R. 2002, Characterization of the aroma of a meat-like process flavoring
from soybean-based enzyme-hydrolyzed vegetable protein. J. Agrie. Food Chem. 50{10}). 2900-2907.

Zhou, 3., Wintersteen, €. and Cadwallader, K.R. 2002, Identification and quantification of aroma-active
components that contribute 1o the distinct malty flavor of buckwheat honey. I Agric. Food Chem. 50(7):
2016-2021.

Baek, HH,, Kim, CJ, Ahn, B A Nam, HS  Cadwallader, K. R 2001, Argma exiract dilution analysig of
a beeflike process tlavor from extruded enzyme-hydrolyzed soybean protein. I. Agric. Food Chem. 49(2):

790-793.

Drake, M A Mchavale, 5.C, Gerard, P.D, Cadwallader, KR and Civille, G V. 2001 Development of a
descriptive language for Cheddar cheese. J. Food Sci. 66(9): 1422-1427.

Lee, G.H., Sunivaphan, ., Cadwallader, K.R. 2001. Aroma componenis ot cooked tail meat of Amencan
lobster (Homarus americanus). J. Agrc. Food Chem. 49(9): 4324-4332,

Karagul-Yuceer, Y., Drake, M A and Cadwallader, K.R. 2001 Aroma-active components of nonfat dried
milk I Agric. Food Chem. 49(6): 2948-2933.

Surivaphan, O., Drake, MA ., Chen, X ., Cadwallader, K.R. 2001, Characteristic aroma components of
British Farmhouse Cheddar cheese. §. Agric. Food Chem. 49(3): 1382-1387.
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Surivaphan, O, Cadwallader, K R, Drake, M A, 2001, Lecithin associated flavors in fermented dairy
products. §. Food 5ci. 66{4): 517-323.

Surivaphan, O., Drake, M. A, Cadwallader, K.R. 2001. Lipid oxidation of deoiled soy lecithin by lactic acid
bacteria. Lebensm -Wiss. u.-Technol. 34: 462-468.

Yoo, S K., Day, D.F., and Cadwallader, K.R. 2001. Bioconversion of g- and -pinene by Pseudomonas sp.
strain PIN. Process Biochem. 36: 925-932.

Wu, Y.-F, Back, HH. and Cadwallader, KR 2000, Development of a meatlike process flavoring from
sovbean-based enzyme-hydrolyzed vegetable protem. J. Food Sci. 65:1220-1227.

Km, D5, Back, HH., Ahn CB,, Byun, DS hing, K J, Lee, HG, Cadwallader, KR, Kim, HR. 2000,
Development and characterization of a flavoring agent from oyster cooker effluent. J. Agric. Food Chem. 48:
48354843,

Bergman, CJ., Delgado, 1T, Bryvant, R, Grimm, C., Cadwallader, K R. and Webb, B.D. 2000, A rapid gas
chromatographic technique for quantifying 2-acetyl-1-pyrroline and hexanal in rice (Orvza saiva, L. Cereal

Chem. 77(4): 454-458,

Back, HH. and Cadwallader, K.R. 1999, Contribution of free and glveosidically bound volatile compounds
to the aroma of muscadine juice. J. Food Sci. 64 441-444.

Back, HH. and Cadwallader, KR. 1999. Optimization of the enzymatic hydrolysis of crab processing by-
products using Flavourzyme ™. Food Sci. Biotechnol. 8; 43-46.

Drake, M.A. Karagiil-Yiiceer, Chen, X.Q., and Cadwallader, K.R. 1999, Charactenization of desirable and
undesirable lactobacilli from cheese in fermented nulk. Lebensm-Wiss. v -Technol. 32: 433-439

Surivaphan, O, Drake, M A, Cadwallader, KR 1999, Identification of volatile off-flavors in reduced-fat
Cheddar cheese containing lecithin, Lebensm-Wiss. u.-Technol. 32: 250-254.

Back, HH. and Cadwallader, KR, 1998. Roasted chicory aroma evaluation by gas chromatography/mass
spectromctry/olfactometry. J. Food Sci. 63: 234-237.

Cha, Y.J., Kam, H., and Cadwallader, K. R. 1998, Aroma-active compounds in Kimchi during fermentation. J.
Agric. Food Chem. 46: 1944-1933.

Cha, Y.J. and Cadwallader, K.R. 1998, Aroma-active compounds in skipjack tuna sauce. J. Agric. Food
Chem. 46: 1123-1128,

Tan, ¢, Day, DF., and Cadwallader, K. R. 1998 Bioconversion of (R}-{+}-limonene by P. digitatum (NRRL
12023, Process Biochem. 33; 29-37,

Back, HH., Cadwallader, KR, Marroquin, E., and Silva, J.L. 1997, Identification of predominant aroma
compounds in muscadive grape juice. J. Food Sei. 62 249-252.

Back, HH. and Cadwallader, K.R. 1997, Aroma volatiles in cooked alligator meat. J. Food Sci. 62: 321~
325,

Motif Exhibit 1150, Page 281 of 1599



Case No.: IPR2023-00207
U.S. Patent No. 11,224,241
Keith R. Cadwallader Supporting Documentation

Back, HH. and Cadwallader, K.R. 1996, Volatile compounds in flavor concentrates produced from
crayfish-processing byproducts with and without protease treatment. J. Agnc. Food Chem. 44: 3262-
3267

Andrews, 1.5, Cadwallader, KR, Grodner, R M., and Chung, HY. 1995, Microbial and sensory quality of
ground ginger as affected by gamma irradiation. . Food Sci. 60: 829-832.

Back, HH. and Cadwallader, K.R. 1995, Enzymatic hydrolysis of cravtish processing by-products. J. Food
Sci. 660: 929-935.

Cadwallader, KR, Tan, Q., Chen, F, and Mevers, S.P. 1995 Evaluation of the aroma of cooked spiny
lobster tail meat by aroma extract dilution analvsis. J. Agric. Food Chem. 43: 2432-2437.

Cha, Y .J. and Cadwallader, K. K. 1995, Volatile components i sali-fermented fish and shoimp pastes. J. Food
Sci. 60: 19-24,

Chung, HY ., Chen, F., and Cadwallader, K. R. 1995, (ooked blue crab claw meat aroma compared with
tamp meat. J. Food 5ci. 60: 285-2091, 299

Cadwallader, KR, and Xu, Y. 1994, Analysis of volatile components in tresh grapetiut juice by purge and
trap/gas chromatography. J. Agric. Food Chem. 42: 782-784.

Chung, HY . and Cadwallader, K R, 1994, Aroma extract dibution analysis of blug crab claw meat volatiles. §.
Agric. Food Chem. 42: 2867-2870.

Kim, HR,, Back, HH, Cadwallader, KR., Meyers, 5P, and Godber, 1.5 1994 Improved flavor
extractibility from crab waste using the hepatopancreatic enzvine of crawfish, Frocambarus clarkii. 1. Food

Sei. 59: 91-96.

Cha, Y .J., Cadwallader, K R, and Back, HH. 1993, Volatile flavor components in snow crab cooker effluent
and efffuent concentrate. I Food Sci. 38: 525-530.

Chung, HY . and Cadwallader, K. R. 1993, Volatile components in biue crab (Callinectes sapidus) nmeat and
processing by-product. J. Food Sci. 58: 1203-1207, 1211,

Braddock, R.J. and Cadwallader, K. R. 1992, Citrus by-products manufacture for food use. Food Technol.
46(23 105-110.

Cadwallader, K R., Braddock, R.J. and Pansh, M.E. 1992, Isolation of a-terpincol dehvdratase from
Pseudomonas gladioli. J. Food Sci. 57: 241-244, 248.

Cadwallader, K.R, Braddock, RJ ., Parish, ME. and Higgins, D.P. 1989, Bioconversion of (+)-limonene by
Pseudomonas gladioli. §. Food Sci. 54: 1241-1245,

Braddock, R4, Temelh, ¥, and Cadwallader, K R. 1986, Citrus essential oils — a dossier for materials safety
data sheets. Food Technol. 40(11): 114-116.
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Cther Pablications (UTUC, 2000-present)

Cadwallader, K.R., Hausch, B. and Yin, Y. 2015, Quest for stability of 2-acetyl-1-pyrroline: The kev
odorant in aromatic rice and pandan. Proceedings: FIAC 2015 “Innovative ASEAN tood research towards
the world,” Bangkok, Thailand, June 18-19, pp. 560-567.

Cadwallader, KR, Klein, B.P., Khanna, P, Chen, B, Nash, M., Puzey, M. and Sullivan, C.L. 2005,
Around the World with Soy. Iilinois Center for Soy Foods, University of lllinois, University Board of
Trustees, Urbana, IL.

Singh, T.K ., Cadwallader, K R and Drake, M A 2005, Cheddar cheese flavour. Cheeseworks Yolume 9,
number 4. (A publication of the Australian Cheese Technology Program.)

Cadwallader, KR Klein, B.P., Sullivan, C L, Nash, M, Khanna, P. and Wemgartner, K.E. 2004 Sov for
the Last Minute Chef. Winois Center for Soy Foods, University of fllmois, University Board of Trustees,
Urbana, L.

Klein, BP., Cadwallader, KR, Chen, B, Khanna, P, Sullivan, C.L. and Wemngartner, K.E. 2003 Baking
with Soy. Mmots Center for Soy Foods, University of lhinois, University Board of Trustees, Urbana, IL.

Klein, B.P., Cadwallader, KR, Chen, D, Khanna, P., Sullivan, CL. and Wemngartner, K.E. 2002,
Textured Vegetable Protein in the American Kitchen. Hhinois Center for Soy Foods, University of Hlmois,
University Board of Trustees, Urbana, H..

Klein, BP,, Cadwallader, KR, Chen, D, Khanna, P, and Wemgartner, K.E. 2002, Tofi in the American
Kitchen. Hlinois Center for Soy Foods, University of lilinois, University Board of Trustees, Urbana, IL.

Miller, G.Y., Robert, M.J., Maghirang, R.G., Riskowski, G.L., Heber, AJ, and Cadwallader, K.R.
Characterization of odor and gas emiftting potential from mechanically ventilated decp and shaliow pit
swine finishing buildimgs m Hhnows. In Livestock Environment VI Proveedings of the 6th International
Symposium (21-23 May 2001, Louisville, Kentucky, USA), Stowell, R R, Bucklin, R and Boticher,
RW., Eds., May 21, 2001, pp. 664-670, ASAE Publication Number 701P0201.

Invited Talks

Cadwallader, KR, Yin, Y., Hausch, B and Chen, F. 2016, Assuring accuracy in the guantitation
of the unstable odorant Z-acetyl-T-pyrroline in aromatic rice. AUS Symposiuny, Flavor Siability.
Chemical  Changes o Flovor  Mofecules,  Food-Flover  Mawix  Interactions,  Ilavor
Encapsulation. 252™ Americal Chemical Scciety Meeting. Philadeiphia, PA, August 21-25,

Cadwallader, KR 2016, Geeourrence, formation and stabilization of the potent odorant 2-acetvl-
F-pyrroline. Meeting of the Hhinois Heartland Local Section of the American Chemical Society,
Bloomogton, I, May 16, 2016,

fckes, C. and Cadwallader, K. R. 2016, Characterizing aroma components of rum. ACS
Symposium: Flavor Chemistry of Alcoholic Beverages. 251%  American Chemical Society
Meeting, San Diego, CA, March 13-17,

15
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Cadwallader, KR, Hauvsch, B. and Yin, Y. Quest for stability of 2-acetyl-1-pyrroline: The kev odorant in
aromatic rice and pandan. 17" Food Innovation Asia Conference 2015, Banglok, Thailand, fune 18-19.

Ickes, C. and Cadwallader, K.R. 2015, Understanding the effects of ethanol-flavor interactions on flavor
perception in alccholic beverages. ACS Symposium: Challenges in Applied Flavor Sciences. ACS
National Meeting, Boston, MA, August 16-20, AGFD paper no. 297

Pang, X, Wu, I and Cadwallader, K.R. 2014, Identification of predominant contributors to off-gdors
formed m thermally processed melon juice. ACS Symposium: Chemical Changes During Processing.
248" American Chemical Society Mocting, San Francisco, CA, August 10-14. AGFD paper no. 177,

Cadwallader, KR and Lapsongphon, N. 2012, Identification of koy odorants in fish sauce. US-Korea
Conference (UKC) 2012, Los Angeles, August 8-11.

Fang, M. and Cadwallader, K.R. 2011, Convenient svathesis of stable deutenium fabeled alky! pyrazines
for use m stable 1sotope dilution assays. ACS Symposium: Recent Advances in Analysis of Food Flavors.
242™ American Chemical Society Meeting, Denver, CO, August 28 — September 1, 2011, AGFD paper
ne. 1.

Hausch, B. and Cadwallader, K.R. 2010, Flavor chemistry of lemon-lime flavored carbonated beverages.
ACS Symposiunt:  Symposium Honoring Prof. Terry E. Acree on the Occasion of His 70" Year. 240"
ACS National Mecting, Boston, MA, August 22-26, AGFD paper no. 40,

Lahne, J. and Cadwallader, K R 2010, Streamlined analysis of potent odorants in distilled alcoholic
beverages. ACS Symposiumy: Flavor Chemistry of Alcoholic Beverages. 240" ACS National Meeting,
Boston, MA, August 22-26, AGFD paper no. 106,

Cadwallader, K.R. and Kim, H. 2010. Flavor chemistry of fish sauce. ACS Symposivm: Fermented
Foods. 239" ACS National Mecting, San Francisco, CA, March 21-25, AGFD paper no. 112,

Cadwallader, K.R. 2010. Flavor chemistry of tree nuts. IFT Sympostiem: Nuss: Phyviochemicals, Health
Fffects and Flavor. IF'T Annual Meeting and Food Expo, Chicago, IL, July 17-20, paper no. 054-03.

Lozano, PR and Cadwallader, K.R. 2009, Effect of deanudation on binding of flavor compounds by
debvdrated sov protein isolates. ACS Svrpositum: Food Proreins and Food-based Profein Chemistry
237" ACS National Meeting, Finley, ., organizer, Salt Lake City, UT, March 22-26.

Cadwallader, K. R. 2008. Sensory evaluation of aroma models for flavor characterization. Symposium in
Honor of Ronald Buttery G. Kenneth Recipient of the 2008 Spencer Award for Ouistanding Achievement
in Agricultural and Food Chemistry, Kansas City Scction, Amcrican Chemical Socicty, Kansas City,
MO, Get 27

Cadwallader, K.R. 2008. AGFD and 100 vears of chemical research on grains and legumes. ACS
Symposum: AGFD 100th Anniversary Symposium, Brine, C. and Tunick, MH., organizers, 236th ACS
National Meeting, Philadelphia, PA, August 17-21.

Liun, ¥ and Cadwallader, K R, 2008, Aroma components of "Carlos" muscadine (Firis rofundifolia Michx)

grape juice. ACS Syrposium: Flavor and Health Benefits of Small Fruits, Rimando, A.M. and Qian,
M.C., organizers, 236th ACS National Meeting, Philadelphia, PA, August 17-21.
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Lozano, P.R. and Cadwallader, K. R. 2008, Flavor binding by soy proteins. ACS Symposium: Chemistry,
Texture and Flavor of Sov, Cadwallader, KR, and Chang, S. K. C. Chang, organizers, 236th ACS
National Meeting, Philadelphia, PA, August 17-21.

Watcharananun, W ., Cadwallader, K. R, and Huangrak, K. 2008, Predominant odorants in Thai desserts
flavored by smoking with fion op, a traditional Thai scented candle. ACS Symposiunt Recent
developments in flavor chemistry, Cadwallader, K.R., organizer, 235" ACS National Meeting, New
Orleans, LA, Apnl 6-10.

Cadwallader, K.R. Lozano, P.R. and Kim, H 2007 Challenges in the 1solation and identification of key
aroma components of complex functional foods. ACS Symposium: Food Bioactives and Nutraceuticals:
Production, Chemistry, Analysis and Health Effects: Svmposium Honoring Fereidoon Shahidi, Rimando,

AM., organizer. 234™ ACS National Mecting, Boston, MA, August 19-23, AGFD Paper 92.

Cook, §., Cadwallader, K.R. and Kim, H. 2007, Identification of key thermally-derived odorants in cooked
chicken biver. ACS Svmposiuny: Thermal! Generation of Flavors and Off-flavors, Ho, C.-T., Raghavan, §,
MeGorrin, R.J.. organizers. 234™ ACS National Meeting, August 19-23. AGFD Paper 206.

Cadwallader, KR, Logarcenphon, Y., Kim, H. and Lee, S-Y. 2007 Evaluation of key odorants in
chipotle pepper by gquantitative analysis, calculation of odor-activity values and omission studics. 8"
Wartburg Svmposium on Flavor Chemistry & Biology, Eisenach, Germanvy, February 28 — March 2.

Cadwallader, K.R. 2007. Protcin-based functional beverages and flavoring considerations. In IFT
Symposium: Functional Beverages and Human Health.  Annual Mecting of the Institate of Food
Technologists, Chicago, 1L, July 28 - August i, Session-Paper 174-02.

Cadwallader, K.R. 2006. Chemical and scnsorv characterization of food aroma: An academic approach.
Meeting of the Scciety of Flavor Chermsts, Chicago, IL, October 19

Cadwallader, K.R. 2006. Flavor chemistry of fish and shellfish. ACS Symposium: Molecuar Cuisine.
{Tunick, M H., Risch, S.J. and Johnson, 5.C., organizers). 232™ ACS National Meeting, San Francisco, CA,
September 10-14, AGFD paper 61,

Cadwallader, K.R. and Zhou, Q. 2006. Characteristic aroma components of tree nuts. ACS Symposiun
Nutrition and Sensory Quality of Nuts. (Pattee, HE.; Shahidi, F.; Yo, L., organizers). 331" ACS National
Meeting, Atlanta, GA, March 26 — March 30, AGFD paper 40,

Cadwallader, K.R. 2006. Modern techniques to characterize complex food flavor systems. Intemational
Sympostum on Functional Foods, ATAM (Nutrition Socicty of Mexico) and Institute of Food Technologists,
Mexico City, Mexico, August 17.

Rotsachakul, P, Cadwallader, K R. and Chaiseri, §. 2005, Comparison of DHS and solvent extraction-SAFE
for GCO-dilution analvsis of key aroma components of Thai fred chili paste. ACS Symposiom: droma-
active Compounds in Foods and Reaction Flavors: Formation, Measurement and Stability. (Ho, C-T.,
Weerasinghe. D K. and Cadwallader, K. R., organizers). 330" ACS National Meeting, Washington, DC,
August 28 — September i, AGFD paper 9.

Cadwallader, K R, Bordignon, J R, Wang, P. and Sugihario, R. 2005, Identification of odorants responsible
for off-flavor of com gluten meal. ACS Symposiun Grain-based Products: Health and Flavor, and Safery
Aspects (Cadwallader, K R., Schicberle, P. and Morello, M), organizers). 330" ACS National Meeting,
Washington, DC, August 28 — September 1, AGFD paper 167.

I
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Cadwallader, K.R., Drake, M.A | Carunchia-Whetstine, MLE. and Singh, T.J. 2005, Characterisation of
Cheddar cheese flavour by sensory directed instramental analysis and model studies. 11™ Wewrman Flavour
Rescarch Svmposium, Roskilde, Denmark, June 21-24,

Gnadt, T A, Jasso, L. and Cadwallader, R 2005, Characteristic aroma components of chipotle peppers.
ACS Symposivm: Chemistry and Flavor of Hispanic Foods (de Mejia, E. and Tunick, M H., organizers).
229" ACS National Meeting, San Dicgo, CA, March 13-17.

Lozano, P.R, Nicolalde, C.L. and Cadwallader, K.R. 2005 Identification of charactenstic aroma components
of mate {flex paraguariensis) tea. ACS Svmposium: Chemistry and Flavor of Hispawnic Foods {de Mepa, E.
and Tunick, M H., organizers). 229™ ACS National Meeting, San Diego, CA, March 13-17.

Lecona-Uribe, S., Loarca-Pifia, G, Arcila-Lozano, C.C. and Cadwallader, KR, 2005, Chemical composition
of essential ol from Mexican orégano. ACS Sympostun: Chemistry and Flavor of Hispanic Foods (de
Megjia, . and Tunick, M H., organizers). 229" ACS National Meeting, San Dicgo, CA, March §3-17.

Cadwallader, K R. Importance of sample preparation technigue on the composition of aroma extracts from
fresh herbs. ACS Sympsosium: Challenges in Herb Research — Chemical Analysis and Quadity (Ho, CT.
and Hwang, L. .S, organizers). 227" ACS National Meeting, Anaheim, CA, March 28-April 1, 2004,

Cadwallader, K R, Jarunrattanasn, A and Theerakulkait, C. 2003, Aroma components of HVP made from
rice bran protein. ACS Symposium: Processed/Reaction Flavors, Ingredients and Intermediate Reactions.
(Weerasinghe, D K. and Sucan, MK, organizers). 226" ACS National Mecting. New York, NY . September
7-11.

Cadwallader, K.R. and Pojjanapimol, S. 2003, Characteristic aroma components of the cilantro mimics. ACS
Symposium: Natural Flavor and Fragrance Ingredients: Chemistry, Production and Application. (Frey, C.
and Rouseff, R organizers). 226" ACS National Meeting, New York, NY, September 7-11.

Cadwallader, KX.R. Relating Cheddar cheese flavor to chemical components. IFT Svmpostum: Flavor
Chemistry of Dairy Products. (Drake, M.A., organizer). Annual Meeting of the Institute of Food
Technologists, Chicago, IL, July 12-16, #52-5.

Cadwallader, K.R., Pojjanapimol, 8. and Chaisen, §. 2002, Heat-induced changes m holy basd aroma
components. ACS Symposiam: Challenges in the Characterization of Flavor Compound. (Detbler, KB and
Delwiche, 1., organizers). 224™ ACS National Meeting, Boston, MA, August 18-22.

Cadwallader, K.R, Zhou, Q. and Huda, M.S. 2002, Measunng flavor release from microencapsulants under
controlled environmental conditions. ACS Symposiuny Controlied Release Systems for Foods. (Shefer, 8.
and Yildiz, M E.. organizers). 223™ ACS National Meeting, Orlando, FL, April 7-11.

Cadwallader, K R., Brehart, DM, Schoudt, 5J and Huda, M.S 2002 Volatile release from a sucrose
cuncapsulated flavoring. IFT Symposium: Use of Carbohyvdrates for Eneapsulation and Sustained Release.
{(Obanni, M. and Asquith, TN., organizers). Annual Meeting of the Institute of Food Technologists,
Anahemm, CA, June 15-19, #67-1.

Cadwallader, KR, Lopez, IR and Menke, S D 2001, Aroma components of wings from Chardonel, a

French-Amenican hvbnd grape vanety. ACS Symposium: Chemistry and Flavor of Nutritional Beverages.
yond grap Yo you ey ( wr everag
{Shahidi, F. and Weerasinghe, D, organizers). 222 ACS National Mecting, Chicago, 1L, August 26-31.
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QGuthrie, B. and Cadwallader, KR, 2001, Measuring flavor retention n dry food systems. IFT
Svmposiom: Developments in the Analysis of Complex Flavor Systems. {(Cadwallader, K.R. and
McGormn, R.J., organizers). Annual Meeting of the Institute of Food Technologies, New Orleans, LA,
June 23-27, #76-2.

Cadwallader, KR 2001 Use of SPME Techanclogy to Evaluate Antioxidant Effectivencss. Symposinm:
Antioxidant Anaiysis, (Engeseth, NI, organizer). 92™ AOCS Annual Meeting and Expo, Minneapolis, MN,
May 13-16.

Karagul-Yuceer,Y ., Drake, M.A. and Cadwallader, K R 2001. Aroma characterization of fresh and stored
nonfat dry milk. ACS Sympostum: Freshness and Shelflife of Foods. (Weenen, H. and Cadwallader, KR,
CrgaANZers). 222™ ACS National Meeting, Chicago, L, August 26-30.

Cadwallader, KR 2000, Flavor Chemustry of Saffron.  Symposiwne  Carofencid-Derived Aroma
Compounds. (Winterhalter, P. and Rouseff, R., organizers). 219™ ACS National Meeting, San Francisco. CA.,
March 26-30, paper #46 AGFD.

Cadwallader, K.R. 1999, Sample dilution analysis for identification of aroma-impact components of edible
oils. ACS Symposiom: Advances in Gas Chromatography/Oifaciometry. (Leland, 1, Acree, TE,
organizers), 21 8™ ACS National Meeting, New Orleans, LA, August 22-26.

Cadwallader, K R and Shahidi, F. 1999, Identification of potent odorants in seal blubber ail by direct thermal
desorption-gas chromatography-olfactometry. ACS Svmposiunv. Chemisiry and Nutrition of Highly
Unsaturated Fotty Acids. (Shahidi, F. and Finley, JW., organizers). 217" ACS National Mecting, Anaheim,
CA, March 21-25.

Cadwallader, K.R. and Howard, CL. 1997, Analvsis of aroma-active compounds i light-activated railk.
ACS Symposium: Challenges in the Isolation and Characterization of Fiavor Compounds. (Mussinan, CJ.
and Morello, F., organizers). 214" National Mecting of the American Chemical Society, Las Vegas, NV,
September 7-11.

Back, H-H. and Cadwallader, KR 1996, Character-impact aroma compounds of crustacca. ACS
Symposium: Flavor and Lipid Chemistry of Seafoods. (Shahidi, F. and Cadwallader, KR, organizers). 212"
National Meeting of the American Chemical Society, Orlando, FL, August 25-29.

Cha, Y.J, Lee, G H. and Cadwallader, KR, 1996, Aroma-active compounds in salt-fermented anchovy.
ACS Symposium: Flavor and Lipid Chemistry of Seafoods. (Shatudi, F. and Cadwallader, KR,
organizers). 212" National Meeting of the American Chemical Society, Orlando, FL, August 25-29.

Wang, H.-§., Cadwallader, K R, Back. HH. D’Abramo, L R. and Sullivan, 1 A, 1996 Manipulating the
flavor of crustacea using postharvest seawater acclimation. ACS Symposiom: Flavor and Lipid Chemistry
of Seafoods. (Shahidi, F. and Cadwallader, K.R., organizers). 212" National Meeting of the American
Chenucal Society, Orlando, FL., August 25-29,

Cadwallader, KR, and Howard, C L. 1996, Characterization of saffron flavor by aroma extract dilution
analysis. ACS Symposiuny: Spices. Flavor Chemistry and Antioxidant Properties. {Risch, 8.1 and Ho, C. T,
organizers), 21 1™ National Meeting of the American Chemical Society, New Orleans, LA, March 24-28,

Cadwallader, KR, Back, HH., Chung, HY. and Moodv, M.W. 1993, Contnbution of lpid-derived

components to the flavor of alligator meat. ACS Svmpostum:  Lipids and Food Flavors. (Ho, CT. and
Hoffinan, T.G., organizers}. 205" National Meeting of the American Chemical Society, Denver, CO.
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Braddock, RJ. and Cadwallader, KR 1993, Bioconversion of citrus d-limonene.  Svmposium paper
presented at the 206" National Meeting of the American Chemical Society, Chicago, IL.

Braddock, R.J. and Cadwallader, KR, 1991, Citrus by-products manufacture for food use. Symposium paper
presented at the 52™ Annual Meeting of the Institute of Food Technologists, Dallas, TX, June 1-5.

Volunteered Abstracts

Kellev, L. and Cadwallader, K R, 2016 Idontification and guantitation of potent odorants m spearmunt
oifs. 11" Warthwrg Syposivm on Flavor Chemistey & Biology, Eisenach, Germany, June 2124,

MceKenna, 8. and Cadwallader, K.R. 2016, Identification and characterization of mint lactones: Trace-
level odor-important compounds 1 pepperount oil. IFT Annual Meeting and Food Expo, Chicago, 1L,
July 17-19, paper no. PO2-020

Ickes, C., Lee, S and Cadwallader, K R. Novel creation of rum Havor lexicon through the use of web-
based matenial. IFT Annual Meeting and Food Expo, Chicago, 1L, July 17-19, paper no. P0O3-111

Yu, L., Thomas, L., Yin, L, Jerrell, J., Cadwallader, K. and Schoudt, S, 20615, Impact on sucrose crystal
composition and chemistry on its thermal behavior. IFT Annual Meeting and Food Expo, Chicago, 1L,
July 11-14, paper no. (46-093.

Yu, L., Thomas, L., Yin, L, Jerrell, §., Cadwallader, K. and Schmdt, S. 2015, Impact on sucrose crystal
composition and chemistry on its thermal behavior. IFT Annual Meeting and Food Expo, Chicago, 1L,
July 11-14, paper 046-093.

Cadwallader, KR and Fang, M -C. 2014, A novel and attractive method for the stabilization of the potent
odorant 2-acetyl-1-pyrroline. 14™ Weurman Flavor Research Symposium, Cambridge, UK, September
15-19.

Donovan, J.D., Cadwallader, KR and Lee, Y. 2014, Improvement of protein microcapsule structure and
core retention through the use of inglin. IFT Annual Mecting and Food Expo, New Orleans, LA, June 20-
25, paper 181-01.

Erten, E. and Cadwallader, K.R. 2014. Characterization of aroma components of raw, drv roasted, and oil
roasted almonds using solvent assisted flavor evaporation (SAFE) and aroma extract dilution analysis
{AEDA}. IFT Annual Mceeting and Food Expo, New Orleans, LA, June 20-23, paper 206-26.

Lu, Y., Lee, J., Thomas, L., Jerrell, }, Cadwallader, KR and Schmidt, §J. 2014, Investigating the
thermal decomposition differences between beet and cane sugars using HPLC. IFT Annual Meeting and
Food Expo, New Orleans, LA, June 20-25, paper 050-07.

Rosales, E., Cadwallader, K. R and Engeseth, N. 2014, Effect of ultrasonic application on fatty acid
composition and aroma compounds of dark chocolate. IFT Annual Meecting and Food Expo, New
Orleans, LA, June 20-25, paper 206-94.

Burasides, E. and Cadwallader, K. 2012 Comparison of aroma compounds in rums and rum
ethers. IFT Annual Meeting and Food Expo, Las Vegas, NV, paper no. 193-28.
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Su, €., Padua, G. and Cadwallader, K. 2012 Zein applications in flavor encapsulation. IFT
Annual Meeting and Food Expo, Las Vegas, NV, paper no. 228-23.

Cadwallader, K.R, Hausch, B. and Lorjarcenphon, Y. 2011, Identification, characterization and
relative aroma impact of 2,3-dehydro-1,8-cineol in lemon-lime flavored carbonated beverages.
13" Weurman Flavor Research Symposium, Zaragoza, SPAIN, September 26-30.

Suppavorasatit, L, deMeyia, E. and Cadwallader, K R. 2011, Effect of enzymatic deamidation of
soy protein isolate by protein-glutaminase on the functional properties of the protein. IFT Annual
Meeting and Food Expo, New Orleans, LA, June 11-14, paper no. 236-57.

Lapsongphon, N., Yongsawatdigul, J. and Cadwallader, K. R. 2011, Aroma characterization of
premium fish sauce. IFT Annual Meeting and Food Expo, New Orleans, LA, June 11-14, paper
no. 236-61.

Tinchan, P., Chaiseri, S. and Cadwallader, KR, 2011. Quantification of d-lactones in canned
coconut milk by stable isotope dilution assay-GC-MS. IFT Annual Meeting and Food Expo,
New Orleans, LA, June 11-14, paper no. 236-64.

Lorjarcenphon, Y. and Cadwallader, K.R. 2011, Identification of potent odorants in cola flavored
carbonated beverages. IFT Annual Meeting and Food Expo, New Orleans, LA, June 11-14, paper
no. 236-73.

Gao, Y, Cadwallader, KR and Schmidt, SJ. 2011 Investigating the chemical and physical
stability of glass encapsulated spray-dried flavors stored below their glass transition
temperatures. IFT Annual Meeting and Food Expo, New Oileans, LA, June 11-14, paper no.
290-18

Lee, H, Kim, H, Cadwallader, K.R. and Feng, H. 2011, Analysis of aroma compounds of apple
cider  treated by  thermal-pasteurization, manosonication, thermosonication, and
manothermosolication. IFT Annual Meeting and Food Expo, New Orleans, LA, June 11-14,
paper no. 293-14.

Cadwallader, K.R. 2010, Potent odorants in soymilk as affected by processing and storage.
Nutraceuticals, Ingredients, Challenges, Formulations, Flavours and Health Fffects.
International Conference, Exhibition and Short Course on Nutraceuticals and Functional Foods,
Denpasar, Bali, Indonesta, October 11 — 12, paper no. 92.

Genthner, ER. and Cadwallader, KR. 2010, Characterizing aroma components of fresh-cut
watermelon. 9" Wartburg Symp. on Flavor Chemistry & Biology, Eisenach, Germany, April 13-16,

He, Y., Garces, M., Toshkov, §., Kim, H,, Cadwallader, K.R., Engeseth, N, Parker, T. and Jackson, M.
2010, Impact of irradiation processing on papava nectar flavor. IFT Annual Mceeting and Food Expo,
Chicago, 1L, July 17-20, paper no. 188-11

Kim, H. and Cadwallader, K R. 2010. Comparison of kev odorants between commercial aseptic Korean
and American soy milks. IFT Anmial Mesting and Food Expo, Chicago, IL, July 17-20, 188-05
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Tinchan, P., Chaiseri, 8. and Cadwallader, KR, 2010, Changes 1n the volatile profile of canned coconut
milk during storage. IFT Annual Meeting and Food Expo, Chicago, IL, July 17-20, 188-14.

Cadwallader, K. R. 2009, Flavor challenges in functional and nutraceutical beverages. International
Conterence and Exhibition on Nutraceuticals and Functional Foods 2009, International Society for
Nutraceuticals & Functional Foods, San Francisco, CA, October 31-November 4, paper 87.

LaFond, 8., Cadwallader, K. and Artz, W. 2009 The formation of 4-HNE in frying cils: A
controfled study using a French fry model. 110" AOCS Annual Meeting & Expo, Orlando, FL, May
3-6.

Choi, 1-5., Kim, H. and Cadwallader, K.R. 2009. Comparison of the aroma components between
dairy and soy vogurt. Annual Meeting of the Institate of Food Technologists, Anaheim, CA, June 6-9,
#024-02.

Lonjarcenphon, Y., Moy, M., Rosales, E. and Cadwallader, K R. 2009, Identification of the key aroma
components of fresh and baked Bartlett pear. Annual Meeting of the Institute of Food Technologists,
Anaheim, CA, June 6-9, #057-13.

Lozano, P K. and Cadwallader, K.R. 2009, Effoct of nonenzymatic deamidation of soy protein isolate on the
binding of selected flavor compounds. Annual Meeting of the Institute of Food Technologists, Anaheum, CA,
June 6-9, #024-12

Lozano, P. and Cadwallader, K. 2008, Binding interactions of selected sutfur compounds with soy proten
isolate under controlled relative humidity. Annual Meeting of the Institute of Food Technologists, New
Orleans, LA, June 28 — July 1, #006-12.

Carrasco Hemandez, G. and Cadwallader, K. R 2008, Headspace reduction by different terpenoids of the
matn volatile sulfur compounds responsible for gartic breath. Annual Meeting of the Institute of Food
Technologists, New Orleans, LA, June 28 — July |, #006-24,

Waimalecongora-Elk, P, Herrera Corredor, J., Prinvawiwatkul, W., Suvanich, V. and Cadwallader, K.
Sensory attributes driving acceptance and purchase intent of watermelon juice containing no added sugar.
Annual Meeting of the Instibute of Food Technologists, New Crleans, LA June 28 - July 1, #138-12

Cadwallader, K. R. and Puangpraphant, S, 2008, Changes i the aroma components of pecans during roasting,
12th Wewrman Flavour Research Sympostum, Interlaken, Switzerland, Julv 1-4

Kim, H., Cadwallader, KR, and Kido, H. 2008, Effect of commercial rosemary extract powders on
formation of Hpid-derived odorants in cooked pork sausages during cold storage. 235™ ACS National
Meeting, New Orleans, LA, Apnil 6-10.

Carrasco, G. and Cadwallader, K.R. 2007, Mechanism of action of menthone i ameliorating oral cavity
malodor caused by consumption of garlic. 234™ ACS National Mecting, Boston, MA, August 19-23.

Lozano, PR, Miracle, ER., Krause, AJ and Drake, M A 2007, Effect of cold storage and packaging
material on the major aroma components of sweet cream butter. 234" ACS National Meeting, Boston, MA,
August 19-23.
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Gnadt, T A Lee, 5.-Y. and Cadwallader, K R. 2007, Effects of commercial masking agents and lactones
on soymilk aroma and flavor. Annual Meeting of the Institute of Food Technologists, Chicago, L, July
28 - August 2, #4224,

Hong, L, Sajuti, 5.C. and Cadwallader, KR 2007 Identification of characteristic aroma components of
Pomegranate {(Punica granatum). Annual Meeting of the Institute of Food Technologists, Chicago, I,
Fuly 28 - August 2, #3-187

Mosca, C., Hsgro, 5. and Cadwallader, K.R. 2007, Flavor Charactenization of unrefined shea butters.
American Ol Chemists' Society's (AOCS) 98th Annual Mecting and Expo, Quebec City, QC, Canada,
May 13-16.

Andrae, LM, Cadwallader, K. R. and Engeseth, N.J. 2006. Flavor changes of stored dark chocolate by
dynanuc headspace sorption — gas chromatography/mass spectrometry. Annual Mecting of the Institute of
Food Technologists, Orlando, FL, June 24-28, #39F-12.

Lozano, P. and Cadwallader, KR and Drake, M A 2006, Instrumental and sensory characterization of
heat-induced odorants m aseptic packaged soymilk, Annual Meeting of the Institute of Food
Technologists, Orlando, FL, June 24-28, #39F-12.

Gnadt, T A, Jasso, L. and Cadwallader, K.R. 2005, Comparison of direct solvent extraction and dynamic
headspace sampling for the analysis of characteristic aroma components of chipotle pepper. Annual
Meecting of the Institute of Food Technologists, New Urleans, LA, July 16-20, #17D-34.

Klem, B.P., Khanna, P., Cadwallader, K. R. and Endres, J.M. 2005, Reducing fat in school lunches by
using soy-enhanced entrees. Annual Meeting of the Institute of Food Technologists, New (rleans, LA,
July 16-20, #70E-27.

Nowak, M.C., Singh, TK and Cadwallader, KR 2005 Identification of potent odorants in commercial
hickory and mesquite higuid smoke. Annual Meeting of the Institute of Food Technologists, New QOrleans,
LA, July 16-20, #17D3-36.

Song, H. and Cadwallader, K.R. 2003, Aroma components of Anerican country-style ham. Annual Meeting
of the Institute of Food Technologists, New Orleans, LA, July 16-20, #17D3-35

Yu, X, Song, Y .8 and Cadwallader, KR 2005, Identification of the characteristic aroma components of
commmercial dried Califormia bay leaves (Lawrus nobilis 1), Annual Mecting of the Institute of Food
Technologists, New Orleans, LA, July 16-20, #175-19.

Zhou, Q. and Cadwallader, K.R. 2005. Application of IGC for measurement of binding of volatile flavor
compounds by soy proteins in low-moisture food systems. 229" ACS National Meeting, San Dicgo, CA,
March 13-17.

Bohn, DM, Cadwallader, KR, and Schmidt, 5.J. 2004, Kinctic analysis of benzaldehvde release in
artificial cherry Durarome® upon humidification using dynamic vapor sorption-fast gas chromatography-
flame ionization detection. Annual Meeting of the Institute of Food Technologists, Las Vegas, NV, July
12-16, #114B-27.

Lopez, JR., Cadwallader K.R. and Menke, 5. 2004, Menke Aroma-impact components of llinois
Frontenac wine. Annual Meeting of the Institute of Food Technologists, Las Vegas, NV, July 12-16,
#830-3
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Singh, TK., Young, N.B, Drake, M A Cadwallader, K. R 2004, Production of a bitter peptide from
casein and its sensory characterization. Arnocal Moeeting of the Institite of Food Technologists, Las
Vegas, NV, Julv 12-16, #17B-17.

Ugarte-Romero, E.E. Feng, H, Martin, 8 E. and Cadwallader, KR 2004, Power cltrasound as an
alternative for apple cider pasteurization. Anmual Meeting of the Institute of Food Technologists, Las
Vegas, NV, July 12-16, #32-10.

Yoon, Y., Caranchia~-Whetstine, M.E., Fricdeck, K.G., Drake, M. A and Cadwallader, KR. 2004,
Characterization of aroma-active compounds i fresh sweet chenry cultivars. Annuval Mecting of the
Institute of Food Technologists, Las Vegas, NV, July 12-16, #114B-3.

Zhou, Q. and Cadwallader, K. R 2004, Investigation of flavor-sov profein interactions under controlled
relative humidity by inverse gas chromatography (IGC). Anmual Meeting of the Institute of Food
Technologists, Las Vegas, NV, July 12-16, # 1148-2.

Brisske, LK, Lee, 8Y , Klein, B.P. and Cadwallader, KR 2003 Consumer ratings of energy bars: Should
the bar be raised? Annual Mecting of the Institute of Food Technologists, Chicago, IL, July 12-16, #12-2.

Bohn, DM, Cadwallader, K R. and Schoudt, $.J. 2003, Measurement of volatile release from an amorphous
carbobydrate matrix as a function of relative humidity using dynamic vapor sorption technology. Annual
Meeting of the Institute of Food Technologists, Chicago, HL, July 12-16, #12-2.

Singh, TK., Drake, M A and Cadwallader, KR 2003, Characterization of aroma components of Muenster
cheese by aroma extract dilution and headspace dilution analyses. Annual Meeting of the Institute of Food
Technologists, Chicago, 1L, July 12-16, #71-3.

Surivaphan, O, Zhou, §. and Cadwallader, K R. 2003 Identification of key aroma components of Piper bere!
L. leaf. Annual Mceting of the Institute of Food Technologists, Chicago, 1L, July 12-16, #45C-16.

Drake, M.A ., Karagul-Yuceer, Y., Civille, GV, Cadwallader, K.R. and Tong, P.S. 2002, Development of
a descriptive sensory language for nulk powders. Annual Mecting of the Institute of Food Technologists,
Anaheim, CA, June 15-19, #100D-2.

Karagul-Yuceer, Y., Drake, MA and Cadwallader, K.R. 2002. Evaluation of the character-impact
odorants in nonfat dried milk by sensory studies on model mixtures. Annual Meeting of the Institute of
Food Technologists, Anaheim, CA, June 13-19, #12-10.

Karagul-Yuceer, Y., Viahovich, K, Drake, M. A, and Cadwallader, K.R. 2002 Compounds responsible
for musky off-odor of rennet casein. Annual Meeting of the Institute of Food Technologists, Anaheim.
CA, June 15-19, #15B-12.

Karagul-Yuceer, Y, Cadwallader, K.R. and Drake, M. A. 2002, Odor-active compounds of liqud whey.
Annual Meeting of the Institute of Food Technologists, Anaheim, CA, June 13-19, #61B-4.

Popanapimol, S, Chaisen, §. and Cadwallader, K.R. 2002. Aroma components of distilled essential oil of
Holy basil. Annual Meeting of the Institute of Food Technologists, Anahetm, CA, Jone 15-19, #61B-12.

Zhou, Q., Cadwallader, K.R. and Guthrie, BD. 2002, Simultancous measurement of permeability of
aroma compound mixtures through polymer packaging tfilms. Annual Meeting of the Institute of Food
Technologists, Anaheim, CA, June 15-19, #100B-8.
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Benitez, B. and Cadwallader K.R. 2001, Aroma-active components of Vietnamese contander (Polygonum
odoratum). Annual Meeting of the Institute of Food Technologists, New Orleans, LA, June 23.27, #88A-
14,

Benitez, 1., Kappes, 5. and Cadwallader, K.R. 2001, Aroma of dried peaches. Annual Meeting of the
Institute of Food Technologists, New Orleans, LA, June 23-27, #44(-34

Chen, D., Andrae, L., Surivaphan, O, Weingartner, K. and Cadwallader, K. 2001, Charactenstic aroma
components of vegetable sovbean (edamame}. Annval Meeting of the Institute of Food Technologists,
New Orleans, LA, June 23-27, #88A-17.

Drake, M A, Gerard, P.D., Wright, S.. Cadwallader, K.R and Civille, G.V. 2001, Cross validation of a
sensory language for Cheddar cheese. Annoal Meeting of the Institute of Food Technologists, New
Orleans, LA, June 23-27, #73(G-19.

Grady, J., Klein, B.P. and Cadwallader, K.R. 2001. Bitterness and astringency thresholds for soy
isoflavones. Annual Meeting of the Institute of Food Technologists, New Orleans, LA, Juneg 23-27, #98-2,

Karagul-Yuceer, Y, Cadwallader, K. R. and Drake, M A, 2001 Identification of volatile off-flavor
compounds of nonfat dried nmilks. Annual Meeting of the Institute of Food Technologists, New Orleans,
LA, June 23-27, #88A-3.

Suvanich, V., Maciel-Pedrote, |, Cadwallader, K R, Moser, E.B., Thongthat, €. and Prinvawiwatkul, W.
2001. Aroma mdices of Southeast Asian fish sauces. Annuval Meeting of the Institute of Food
Technologists, New Orleans, LA, June 23-27, #73F-16.

suvanich, V., Maciel-Pedrote, |, Cadwallader, K. R, Moser, E.B., Thongthai, C. and Prnyvawiwatkul, W.
2001, Developunebt if fish sauces quantitative descriptive sensory aroma profile. Annual Mecting of the
Institute of Food Techoologists, New Orleans, LA, June 23-27, #73G-34.

Zhou, X, Winterstein, C. and Cadwallader, K.R. 2001, Aroma of buckwheat honey. Annual Mecting of
the Institute of Food Technologists, New Orlcans, LA, June 23-27, #83A-172.

Zhu, L., Robbins, K and Cadwallader, KR, 2001, Effects of soy protein isolate on headspace aroma
components of cooked ground beef pattics. Annual Mecting of the Institate of Food Technologists, New
Orlcans, LA, June 23-27 #88A-18.

Drake, M.A ., Mcingvale, 5.C., Cadwallader, K.R. and Civille, G.V. 2000. Development of a descrptive
langunage for Cheddar cheese. Book of Abstracts, Annual Meeting of the Institute of Food Technologists,
Dallas, TX, June 10-14, #11-3.

Surivaphan, O, Cadwallader, KR, and Drake, M.A. 2000, Lipid oxidation of deoiled soy lecithin
fermented nmulk systems. Book of Abstracts, Annual Meeting of the Institute of Food Technologists, Dallas,
TX, hane 10-14, #14B-32.

Cadwallader, K.R. and Thongthai, C. 2000, Comparison of aroma-active headspace compounents of three
types of fish sauces. Book of Abstracts, Annual Meeting of the Institute of Food Technologists, Dallas, TX,
June 10-14, #36-3.
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Chen, X.€., Drake, M.A. and Cadwallader, K.R. 2000. Charactenistic aroma components of English
Farmhouse Cheddar Cheeses. Book of Abstracts, Annual Meeting of the Institute of Food Technologists,
Dallas, TX, June 10-14, #78C4.

Karagul, Y., Drake, M A. and Cadwallader, K. R 2000 Aroma-active components of nonfat dry milk
powders. Book of Abstracts, Annmual Meeting of the Institute of Food Technologists, Dallas, TX, June 10-14,
#HT8C-6.

Cadwallader, K.R. and Jung, J. 1999, BEvaluation of warmed-over flavor in chicken wings by sensory and
instrumental methods. 60" Annual Meeting of the Institute of Food Technologists, Chicago, IL, #30A-13, p.
122,

Wu, Y.F, Back, HH. and Cadwallader, KR, 1999, Development of a meat-like process flavoring from
sovbean-based hydrolyzed vegetable protein. 60™ Annual Meeting of the Institute of Food Technologists,
Chicago, 1L, #50A-9, p.121.

Surivaphan, 0., Cadwallader, K R, and Drake, M.A. 1999, Lecithin associated off-flavors in fermented dairy
31

Cadwallader, K.R. and Suriyaphan, O. 1998, Aroma-impact components of loroco, 59"

the Institute of Food Technologists, Atlanta, GA, #45-2,p. 97.

Annual Meeting of

Surakamkal, R, and Cadwallader, K. R. 1998, Release of glycosidically-bound aroma compounds during
formentation of muscading juice. 59" Annual Mecting of the Institute of Food Technologists, Atlanta, GA,
#72-18, p. 180.

Surivaphan, 0., Drake, MLA |, and Cadwallader, K. R, 1998, Elentification of volatile off-Havors in reduced fat
cheeses containing lecithin, 59" Annoal Megting of the Instibite of Food Technologists, Atlanta, GA, #72-31,
p. 183,

Back, HH. and Cadwallader, K.K. 1997, Frec and glveosidically bound volatile aroma compounds in
muscadine grape juice. 58" Anoual Mecting of the Institute of Food Technologists, Orlando, FL, #23D-6,
p.63.

Cai, M. and Cadwallader, K.R. 1997 (Z)-3-Nonenal and {Z 7}-3 6-nonadienal: Character-impact aroma
corapounds in watermelon. 58th Annual Mecting of the Institute of Food Technologists, (rdando, FL, #23D-
9, p.64.

Cha, Y.I, Kim, H, and Cadwallader, KR 1997, Aroma-active compounds in Kimchi duning aging. 58th
Annual Meeting of the Institute of Food Technologists, Orande, FL, #23D-13, p.65.

Back, HH, Kim, CJ., Ahn, HS,, Nam, H 8., and Cadwallader, K.R. 1997, Aroma extract dilution analysis
of beef-like process flavor from extruded enzymatically hyvdrolyzed sovbean proten. 38th Annual Meeting of
the Institute of Food Technologists, Ordando, FL, #23D-24 p 67,

Fu, 5.6, Bagk, HH., and Cadwallader, K.R. 1997 Comparison of aroma-active compounds extracted from
blue crab meat with processing by-products hvdrolysate using aroma extract dilution analysis. 58th Annual
Meeting of the Institute of Food Technologists, Orlando, FL, #23D-25, p 67.
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Arvana, K1, Cadwallader, KR, and Haque, Z.U. 1996, Isolation of flavor volatiles in lowfat Cheddar
cheese by vacuum simultancous distillation-solvent extraction. 73" Annual Meeting of the Southern Branch,
American Dairy Science Association, February 3-7.

Back, HH. and Cadwallader, K.R. 1996, Evaluation of the enzymatic hvdrolysis of defatied sovbean meal by
response surface methodology. 57th Annual Mecting of the Institute of Food Technologists, New Orleans,
LA, #53A-16,p.120.

Back, HH.,, Cadwallader, K.R., Marroguin, E., and Slva, J.L. 1996 Gas chromatographv/olfactometric
analysis of nwscadine grape aroma. 537th Annuval Meeting of the fostitute of Food Technologists, New
Orleans, LA, #34-7 p.74.

Cadwallader, K.R. 1996. Potent odorants in hickory and mesquite smokes and liquid smoke extracts. 37th
Annual Meeting of the Institute of Food Technologists, New Orleans, LA, #34-6,p. 74

Cadwallader, K.R., Back, HH., Chang-lee. G-H 1996, Aroma ecxtract dilution analysis of coocked
freshwater prawn. 57th Annual Meeting of the Institute of Food Technologists, New Odeans, LA, #30D-20,
p.197.

Cha, Y.J,, Kim, EJ., Back, HH,, and Cadwallader, K. R. 1996, Development of a flavoring agent from sea
mussel. 57th Annual Mecting of the Institute of Food Techuologisis, New Orleans, LA, #80D-22, p.197.

Kim, HR, Ahn, CB, Jung, K.} Back, HH. Cadwallader, K. R 1996 Characterization and utilization of
waste water from oyster processing plants as flavoring agents. $7th Annual Meeting of the Institute of Food
Technologists, New Orleans, LA, #80D-21, p.197.

Aryana, K.J., Cadwallader, K R, and Haque, Z.U. 1996. Development of methodology for measuring+ flavor
volatiles m Cheddar cheese made with and without fat replacers. International Conference on Food Science
and Technology of The Fine Particle Socicty, Chicago, 1L, August 24-26,

Cha, Y.J., Back, HH., and Cadwallader, K.R. 1995 Volatile flavor componenis mn ovster hydrolysate
produced with protease. 56th Annual Mecting of the Institute of Food Technologists, Anabeim, CA, #54E-16,
p.166.

Conner, T.M., McGregor, J.U., and Cadwallader, K.R. 1995, Identifving flavor components in light-activated
malk. J. Dairy Sci. 48(supplement 1); 317,

Back, HH. and Cadwallader, K.R. 1994, Comparison of volatile compounds in flavor concentrates produced
from crawfish processing by-products with and without protease treatment. 55" Annual Mecting of the
Institute of Food Technologists, June 25-29, Atlanta, GA, #79(-5, p.244.

Cadwallader, KR, Tan, @, Chen, F., and Mevers, 5.P. 1994, Identification of character-impact aroma
compounds in spiny lobster (Pamulirus argus) tail meat. 35th Amnuval Meeting of the Institute of Food
Technologists, June 25-29, Adanta, GA, #7-7, p. 13,

Chung, HY . and Cadwallader. K R. 1994. Comparison of the aroma of three different extracts prepared from
blue crab {Callinetes sapidusy processing by-product. 55th Annual Meeting of the Institute of Food
Technologists, June 23-29, Atlanta, GA, #79C-7, p.244,
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Chung, HY ., Chen, F, and Cadwallader, KR 1994, Evaluation of aroma of blue crab (Callinetes sapidus)
claw and lump meats. 55th Annual Meeting of the Institute of Food Technologists, fune 25-29, Adanta, GA,
#790-6, p.244.

Tan, (. and Cadwallader, K.R. 1994, Biotransformation of B-pinenc by dspergilius cellulosae. 55th Annuoal
Meeting of the Institute of Food Technologists, June 25-29, Atlanta, GA, #24(-7 p 67,

Andrews, L.5. and Cadwallader, K.R. 1993, Microbial and sensory quality of ground ginger as affected by
gamma iradiation. 34th Annual Meeting of the Institute of Food Technologists, July 10-14, Chicago, 1L,
Technical Program: Book of Abstracts, #817, p.206.

Back, HH. and Cadwallader, K. R 1993 Identification of characteristic volatile flavor components of roasted
chicory by aroma extract dilution analysis. S4th Annual Mecting of the Institute of Food Technologists, July
10-14, Chicago, IL, Technical Program: Book of Abstracts, #3506, p.129.

Cha, YJ. and Cadwallader, KR 1993, Volatile flavor components in Korcan foermented fish paste. 54th
Annual Mecting of the Institute of Food Technologists, huly 10-14, Chicago, 1L, Technical Program: Book of
Abstracts, #510, p.130.

Cha, V.1, Back, H.H., and Cadwallader, K.R. 1993, Comparison of DHS and SDE for the analysis of volatile
compounds in fermented shomp paste. 34th Annual Mecting of the fustitiie of Food Technologists, July 10~
14, Chicago, L., Technical Program: Book of Abstracts, #511, p 131

Chung, HY. and Cadwallader, K.R. 1993, Aroma extract dilution analvsis of freshly picked cooked blue crab
meat. S4th Annual Meeting of the Institute of Food Technologists, July 10-14, Chicago, 1L, Technical
Program: Book of Abstracts, #563, p.144.

Chung, HY ., Chou, €~ and Cadwallader, K.R 1993, Changes n the volatile flavor constituents of
coconut during roasting. 54th Annual Meeting of the Institute of Food Technologists, July 10-14, Chicago,
IL., Technical Program: Book of Abstracts, #3504, 1129,

Yoo, SK. and Cadwallader, K.R. 1993, Bioconversion of a- and B-pinene. 54th Annnal Mecting of the
Institute of Food Technologists, July 10-14, Chicago, H., Technical Progrant: Book of Abstracts, #516, p.132.

Back, HH. and Cadwallader, K.R. 1992, Enzymatic hydrolysis of crawfish waste for bioflavor production.
Ninth International Biotechnology Symposium and Exposition, Augest 16-21, Crystal City, VA, Book of
Abstracts, #472.

Back, HH., Pike, M.M., Bidner, T.D, Moody, MW, and Cadwallader, K.R. 1992, Evaluation of the off-
odor associated with wild albigator. 53rd Annual Mecting of the Institute of Food Technologists, June 20-24,
New Orleans, LA. Book of Programs and Abstracts, #359, p.93.

Cha, Y.J., Back, HH., and Cadwallader, K.R. 1992 Volatile flavor components in concentrated snow crab
extracts. 533vd Annual Meecting of the Institute of Food Technologists, June 20-24, New Orleans, LA, Book
of Abstracts, #357, p.92.

Chung, HY . and Cadwallader, K R. 1992 Comparison of volatile compounds in freshly picked crabmeat and
crab processing waste. 33rd Anmiual Meeting of the Institute of Food Technologists, June 20-24, New
Orleans, LA, Book of Abstracts, #358, p.93.
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Kim, HR, Back, HH., Cadwallader, KR, Meyers, SP., and Godber, 1S 1992, Improved flavor
extractibility from crab waste using the hepatopancreatic enzyvme of crawfish, Procambarus clarkii. 53rd
Arnual Meeting of the Institute of Food Technologists, June 20-24, New Ordeans, LA, Book of Abstracts,
#360, p.93.

Cadwallader, K.R. and Braddock, RJ. 1990. Enzvmatic hydration of limonene to a-terpinect. 51st Annual
Meeting of the Institute of Food Technologists, June 16-20, Anaheimy, CA, Book of Programs and Abstracts,
#354, p.170.

Cadwallader, KR 1988, Bioconversion of (+)-limonene. 49th Annual Mecting of the Institute of Food
Technologists, June 19-22, New Orleans, LA, Book of Programs and Abstracts, #293.

Students/Postdoctoral/Visiting Schelar Researchers Supervised (1991-1999)

Visiting Scientists
Yong-Jun Cha (LSU, MSU) — Chang Won National University
Hetty Yoermans (LSU) — University of Wegeningen, The Netherlands

Postdoctoral Researchers
Hyung-Hee Back (M5U)

Graduate Students Completed {(LSU/BRU}

M5 Students

Sun-Kyun Yoo (L5U)

Mm Cai (MSLD)

Hsin-Jen {Connie) Weng (MSU)
Shi~Guei (Scott) Fu (MSL)
Shin-Pei (Peggy} Yang (MSU}
Yi-Fang (Grace) Wua (MSU)
Leyla Yuksel (MSU)

HHvun Jung (MSU)
Min-Sheng Su (MSU)
Gwo-Yuh Li (MSU)

Jeong Heo (MSU)

Ph.D. Students

Hyung-Hee Back (LSU)

Hau Yin Chung (LSU)
Gyu-Hee (Chang) Lee (MSU)
Ranee Surakarnkul (MSL)
Yonca Karagul-Yuceer (MSU)

Students/Postdoctoral/ Visiting Scholar Researchers Supervised (ULUC, 2008-present)

Visiting Scholars

Byvung Hak Ahn (2006-2007) - Korea Food Research Institute, South Korea
Supeecraya Arsa (2013-2014) — Kasetsart University, Bangkok, Thailand
Mantana Buttara (201 I-present) — Suranaree Univeristy of Technology, Thatland
Dong Chen (201 5-present) — China Agricuitural University, Beyjing, China
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Rongrong Chen (2016-present) - Ever Maple Food Science and Technology Co., Ltd., China
Arporn Jaranrattanasn (2003-2004) — Naresuan University, Thailand

Young-Suk Kim (2015-present) — Ewha Womans University

Patthamawadi Kiatbenjaku. (2009-2011, 2012} — Suranarec University of Technology, Thailand
Farceya Kulapichitr (2016-present) — Chulalongkorn University, Thailand

Sasince Kunvaboon (2016-present) - Suranarce University of Technology, Thailand
Nawaporn Lapsongphon (2010-2011) - Suranaree University of Technology, Thailand
Yuping Lin (2014-2015) - Beijing Technology and Business University, China

Yaowapa Lorjarcenphone (2006-2007) — Kasetsart University, Thailand

Xuch Pang (2013-2014) — China Agncultural University, Beijing, China

Sompoche Pojjanapimol (2003-2004) - Kasetsart University, Thailand

Primseri Rotsachakul (2004-2005} — Kasetsart University, Thailand

Huanhu Song (2005-2006) - Beijing Technology and Business University, Betjing, China
Patcharaporn Tinchan (2010-2012) — Kasetsart University, Thailand

Jihong Wu (2011-2012) — China Agricultural University, Beijing, China

Posidoctoral Researchers (UIUC)
Masud Huda (2002-2003)

Orasa Surivaphan (2001, 2003)
Tanog) Singh (2001-2005)

Hun Kim (2005-2012)

Graduate Students Completed (UIUC)
Daniel Benitez (M5 2003)

Laura Brisske (MS 2003)

Erin Bumside (MS 2012)

Gabricla Carrasco {(MS 2007)

Shondra Cook (M5 2007}

Edibe Erten {(Ph.3. 20186)

Ming Chih Fang (Ph.D 2013)
Samantha Gardiner (MS 2015)
Elizabeth Genthner (MS 2016; Ph.D. 2014)
Theresa Gnadt (MS 2007)

hulia Gregg (Nonthesis MS, CHEFS Program, 2009}
Bethany Hausch (M5 2010}

Lauren Kelley (MS)

Sean LaFond (MS 2009}

Jacob Lahne (MS 2010}

Yaowapa Lonaroenphone (Ph.D. 2012)

Patricio Lozano (MS 2005 & Ph.D. 2009)

Samantha McKenna (MS, 2016}

Joshua Moore (MS 2006}

Linda Moran {MS 2013)

Ana Carolina Mosca (MS 2007)

Fason Niermann {(Noothesis MS, CHEFS Program 2001)
Sirima Puangpraphant (M5 2007}

Bethany Richardson (M5 2013}

Inthawoot Suppavorasatt (Ph.D. 2012)

Chenxing Sun (342 program, Nonthesis MS)
Qiaoxuan Zhou (MS 2001 & Ph.D. 2005)
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Current Graduate Students (2616}
Courtney Beckett (MS)

Chelsea Ickes (Ph.D )

Fengpia Chen (MS, 3+1)

Bethany Hausch (Ph.DB )

Nagiat Hwasa (Ph.D )

Fing {Jenmy) Jin (M5, 3+1)
Tiandan Wu (MS)

Wengi Zhu (Ph.D)

Yun Yin {Ph.D)

Undergraduate Student Researchers
Kelsev Choquette (2012-2013)
Dimene Chreaton, Rap 1T (2001)
Ashiey Davis, Rap H (ACES) (2001) & UIUC Ronald E. McNair Sunumer Research Program (2004)
Yaozheng (Tess) Liu (201 3-present)
Rosemary Nash (2011-2012)

Mary Nowak (2004-2005)

Feun Gh (2013)

Abigail Pishevar (2014-2013)

David Potts (2008-2010}

Stephanie Sajuti (2005-2007)

Dylan Troth (2015-present)

Katrina Viahovich {2001-2002)

Invelvement in Professional Oreanizations {2000-present)

Leadership

Chair and Program Chair for the Division of Agncultural and Food Chemistry (AGFD) of the Amencan
Chemical Society, 2003-2005. Responsibilities include organizing AGFD tochnical programs for two ACS
MNational Meectings (fall 2004 and spring 20035 mectings).

Editorial Board

Flavour and Frangrance Journal

Assaciate Editor

Foumal of Food Science - Food Chemistry

Symposia Organized

Cadwallader, K.R. and Shahidi, F. 2017, ACS Symposiom: Chemistry of Cleon Ingredients. Washington,
BC, August 20-24.

Cadwallader, KR, and Chang, SK.C. 2008, ACS Symposium: Chemistry, Texture and Favor of Soy,
Philadelphia, PA, August 17-21.
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Cadwallader, K.R. 2008. ACS Symposium: Recent Developments in Flavor Chemisiry. 235" ACS
National Meeting, New Orleans, LA, April 6-10.

Ho, C.-T., Weerasinghe, D.K. and Cadwallader, K.R. 2005. ACS Sympostuum: Aroma-active Compounds in
Foods oand Reaction Fuvors: formation, measurement and stability. 330" ACS National Meeting,
Washington, BC, August 28 ~ September 1.

Cadwallader, KR, P. Schieberle and M1 Morello. 2005, ACS Symposium: Graim-based Products: Health
and Flavor, and Safety Aspects. 330™ ACS National Meeting, Washington, DC, August 28 — Septentber 1.

Cadwallader, K R. Obesity Management: Role of Soy Foods. University of Hlinois, Champaign, 1L, May
25-26, 2003,

Cadwallader, K R, Drake, M A and McGorrin, R.J. 2004. ACS Symposium: Chemistry and Ilavor
Weenen, H. and Cadwallader, K.R. {organizers). 2001, ACS Symposiun Freshness and Shelf-life of
Foods. 222" ACS National Mecting, Chicago, 1L, August 26-30.

Cadwallader, K. R. and McGorrin, R.J. (organizers). 2001, IFT Svmposium: Developmenis in the Analysis
of Complex Flavor Systems. Anmual Meeting of the Institute of Food Technologics, New Orleans, LA,
June 23-27.

Rouseff, R L. and Cadwallader, K.R. 1998, ACS Symposium: Headspace Analysis of Foods and Flavors.
214™ ACS National Meeting, Boston, MA, August 23-27.

Shahidi, F. and Cadwallader, K.R. 1996, ACS Sympostun Flavor and Lipid Chemistry of Seafoods.
212" National Meeting of the American Chemical Society, Orlando, FL, August 25-29.

Workshops/Short courses {organized)

A Place for Soy in a Better School Lunch Program. University of Hlinois, Urbana, 1L, March 12,
2003,

Traditional and Emerging Methods for the Manufacture and Analysis of Food Flavorings. Faculty of
Agricultore Industry, King Mongkut’s Institute of Technology Ladkraband (KMITL), Bangkok, Thailand,
July 29, 2002

Say Flavor Workshop. YCSF Workshop (Klein, B.P. ¢t al. coorganizers). fllinois Center for Sov Foods,
University of Hlinois, Urbana, 1L, Apnil, 2002/2003.

Workshops/Short courses {lecturer)
Nutraceuticals, Ingrediems, Challenges, Formulations, Flavowrs and Health Lifects.
International Society for Nutraceutical and Functional Foods. Denpasar, Bali, Indonesia, October

It -1Z.

Flavor Chemistry. (course co-taught with Drs. Chi-Tang Ho and Soo-Yeun Lee), Taiwan
Nationad University, May 10-19, 2008,
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Flavor Research Workshop., ACS Short Course (Acree, T.E., course director), American Chemical
Society, Boston, MA, August 17-18, 2007,

Flavor Research Workshop. ACS Short Course {Acrce, T.E. and Deibler, K., organizers), American
Chemical Socicty, August 25-26, 2005,

Cadwallader, K.R. Flavoring sov products: masking and creating. Preconference AQAC Short Course.
Soyfoods: Ingredients, Preparation, and Utilization, Koseoglu, S. and Shahidi, F. {organizers), Cincinnaty,
OH, Mav 9, 2005,

Cadwallader, K.R. 2004, Aroma and flavor aspects of soy beverages. Preconference Shortcourse:
Functional Beverages, Koseoglu, S and Shahidi, F. (organizers), Worldnutra: International
Conference and Exhibition on Nutraceutacals and Functional Foods, San Francisco, CA, Nov 8,
2004

Flavor Research Workshop., ACS Short Course (Acree, T.E,, organizer), American Chemical
Society, Boston, MA, August 16-17, 2002; New York, NY, September 7-11, 2003,

Cheese Flavor and Texture: Sensory and Instrumental Analysis. SDFRC Short Course (Drake, MLA .,
course director), Scoutheast Dairy Foods Research Center, North Caroling State University, Raleigh, N,

August 7-9, 2002,

Propesal Reviewer/Panel Participation {2010-present)

Panelist/Reviewer (2015} - Office of Scientific Quality Review (OSQRFUSDA-ARS, NP 306 Panel 14:
Functional Foods (2015)

Panchst/Reviewer (2013) - Office of Scientific Quahty Review (OSQR)-USDA-ARS, NP 107
Panel 14: Grain Enginecring (2014)

Panchist/Reviewer {2014} - Office of Scientific Quality Review (OSQR)-USDA-ARS, NP 107 Panel 5. Food
Chemustry Analysis (2014}

Panclist/Reviewer (2013) — 2012/2013 King Abdulaziz City for Science and Technology (KACST)
Research Proposal Competition
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MATERIALS CONSIDERED

U.S. Patent Application No. 14/797,006 (“the ‘006 application™)

Office Action mailed June 6, 2016

Proulx et al. (2006, J. Agric. Food Chem , 54:1518-22) (“Proulx™)

Hsieh et al. (US 2012/0093994) (“the 994 application”}

Declaration under 37 CFR § 1.132 of Dr. Celeste Holz-Schietinger (“the Holz-
Schietinger Declaration”)
Lane and Nursten, “Variety of odors produced in Maillard model systems and how they
are influenced by reaction conditions” in Maillard Reaction in Foods and Nutrition,
Waller and Feather, eds., ACS Symposium Series No. 215, pp 141-158

Kokkinidou and Peterson, 2013, Food Funct.,, 4:1093-104

Elmore et al., 2001, “A comparison of headspace entrainment on Tenax with solid phase
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hang, D. and Petersorn, I1.G. 2013, Identification of Bitter Compounds in Whole Wheat Bread.
Food Chem. 141; 1345-1353.

http:www sctencedirect conyv/seience/anicle/piy/SO308R 14613003233

Mﬁﬁskmwtz, M., Bing, Q., Elias, R. and Peferson, D. . 2012 Influence of endogenous ferulic
acid in whole wheat flour on bread crust aroma. 1. Agric. Food Chem. 60: 11245-11252.
hitp//pubsacs org/doi/abs/ 10 102 140303750y

Ferruzzi, MGG, Peterson, .G, Singh, R P. Schwartz, S.J. and Freedman, M 2012
Nutritional Translation Blended With Food Science: 21st Century Applications. Adv. Nutr 3
813-819.

hitnadvances. nutrition. org/content/3/6/813

.Bin, Q., Jiang, D. Cho, LH., Peferson, 13, 2012, Chemical markers for bitterness in wheat

bread. 2012, Flavour Fragr. J. 27, 454458,
bttp Sonlinelibracy. wilev cony/dov/ 10 1002/ 3 124/ abstract
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. Petersen, B.G. 2012, Refining Maillard-type flavor Chemif-;tw' Phenolic reaction pathways, in

Advances and Challenges in Flavor Chemistry & Biology. Plenary Lecture, 9th Wartburg
Symposium Proceedings on Flavor Chemistry & Bioiogy, Eisenach, Germany, pp 155-160
Bin, 3. Peterson, B.G. and Efias, R.J. 2012, Influence of phenolic compounds on the
mechanisms of pyrazinium radical generation in the Maillard reaction. J. Agric. Food Chem.
60 (21), pp 5482-5490.

bt oubs acs.org/doy/Tuil/ 10,102 1403010838

Jiang, D Huang, Y. and Petersun, B.G. 2012, Application of Two-Dimensional Orthogonal
Reversed-Phase Liquid Chromatography for Taste Compound Analysis. In Recent Advances
in the Analysis of Food and Flavors; Toth, 8§, et al.; ACS Symposium Series; American
Chemical Society: Washington, DC. hitp://pubs.acs org/dov/abs/10 1021/bK-2012-1098 ¢h010

. Moskowitz, M. and Peterson, . G, 2011, Hydroxycinnamic acid-Maillard reactions in simple

aqueous model systems. in Controlling Maillard Pathways. Washington, D.C.. American
Chemical Society Symposium Proceedings 1042, pp 53-62.
hitn:fpubs.acs ore/doi/abs/10 102 1/Bk-201 0-1042 chiide

.Holt, A, Potineni, R. and Peterson, B.G. 2011 Flavor ingredient interactions in confections.

Accepted 12th Weum&aﬂ '%vmpoaium Pmceediny; Interlaken, Switzerland. Pg /39-742.
hiips/home.zhaw . ch-vere/pdt/ Teill37 - Expression of Muladisciphinary.pdf

Cho, I H. and Peterwn, D., G. Chunmtry of bread aroma: A review. 2010. Food Sci.
Biotechnol 19, 575-582.

htp/ink springer.comvarticle/ 10 1807/ 1006R-01 (-00R1-3

CHang, D. and Peferson, £1.G. 2010. Role of hydroxycinnamic acids on food flavor: a brief

overview. ‘tht@chem Rev. 9:187-193

bt /Aink springer comyarticle/ 10, 18607/51 1 101-008-01 3%9-¢

Fiang, D | Chiaro, C., Maddali, P, Prabhu, S K. and Peferson, D.G, 2009 Identification of
hydroxycinnamic acid-Maillard reaction products tn low-moisture baking model systems. 1.
Agric. Food Chem. 57, 9932-9943

hitpoubs.acs. org/dot/full/ 10 102 1ABGN03 2h

Potinent, R.V. and Peterson, D.G. 2008, Mechanisms of flavor release in chewing gum:
Cinnamaldehyde. J. Agric. Food Chem 56, 3260-3267.

hitn:/pubs.acs ore/doi/Tull/10. 102 1/11872 7847

. Potineni, RV, and Peferson, .G, 2008, Influence of flavor solvent on flavor release and

perception in sugar-free chewing gum. J. Agric. Food Chem 56, 3254-3259.
bt oubs acs. org/doy/Tull/ 10 10214072783

. Tapanapunnitikul, O, Chaiser1, S, Peterson, B, Thompson, D. 2008. Water solubility of

tlavor compounds influences formation of flavor inclusion complexes from dispersed high-
amylose maize starch. J. Agric. Food Chem 56, 220-226.
Impact Factor 3./, futp pubs.acs.org/doi fall 10 1021307 1690

. Ghosh, S., Peterson, B.G., LN. Coupland. 2008 Temporal Aroma Release Profile of Solid

and Liquid Droplet Emulsions. Food Biophysics. 3:335-343
hitn//pubs acs.ore/do/Tuil/10 102110716180

-Hang, 3. and Peterson, B.G. 2008, Hydroxyeinnamic acid-Maillard reactions: Insights into

flavor development of whole grain foods. 12th Weurman Symposium Proceedings, Interlaken,
Switzerland, pg 297-300. hitps:/home zhaw ch/~vere/pdt/ Teil 70 - Expression of
Muludisciplinary . pdf
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Peterson, B.G. and Noda, Y. 2008. Role of Phenolic Reactions on Maillard Reaction
Flavours., Wartburg Flavor Sympostum. 8th Wartburg Symposium Proceedings on Flavor
Chemistry & Biology, February 28 - March 2, 2007, Eisenach, Germany.

. Vunta H, Davis F, Palempalli UD, Bhat D, Arner RJ, Thompson JT, Peterson BG, Reddy CC,

Prabhu KS. 2007. The Anti-inflammatory Effects of Selentum Are Mediated through 15-
Deoxy-Al12 14-prostaglandin J2 in Macrophages. J. Biol. Chem. V. 282, No. 25, pp. 17964
17973, Impact Factor 4651, hitp/Awww ibe org/eontent/282/25/17964

Ghosh, G., Peterson, B.G. and Coupland, JN. 2007, Aroma Release from Solid Droplet
Emulsions: Effect of Lipid Type. JAOCS. 84:1001-1014.

hitn/ink soringer comfarticie/ 10,1007/ 1 1746-007-1135-4

.Noda, Y. and Peferson, D.G. 2007, Structure-reactivity relationships of tlavan-3-ols on

product generation in aquecus glucose/glycine model systems. J. Agric. Food Chem. 55, 3686-
3691, hitp/pubsacsorg/do/fuli/10 10214063423

Totlani, V.M. and Peferson, D.G. 2007, Influence of Epicatechin Reactions on the
Mechanisms of Maillard Product Formation in Low Motsture Model Systems. | Ag. Fd. Chem.
55.414-420.

hitpoubs.acs. arg/dotull/ 10 102 14106173521

Totlani, V.M. and Peterson, .G, 2006, Epicatechin carbonyl-trapping reactions in agueous
Maillard systems: Identification and structural elucidation. J. Agric. Food Chem. 54: 7311~
7318, happubsacs.org/doy/Tull/ 10 102148061 244y

Schwambach, S.L. and Peferson, D.G. 2006, Reduction of stale flavor development in low-
heat skim milk powder via epicatechin addition. J. Ag. Fd. Chem. 54 502-508.
hitprpubs.acs.orgidoiabs/ 10102103 19764

Ghosh, G., Peterson, B.G. and Coupland, JN. 2006, Effects of droplet crystallization and
melting on the aroma release properties of a model oil-in-water emulsion. J. Ag. Fd. Chem. 54;
1829-1837.

hitp//pubs.acs org/doli/abs/ 10 102 1082262 w

Peterson, B.G., Colahan-Sederstrom, P.M. and Potineni, R'V. 2006. Effect of processing
technology and phenolic chemistry on ultra-high temperature Bovine milk flavor quality. in
Chemistry and Flavor of Dairy Products, Symposium Proceedings, 228th ACS National
Meeting, Philadelphia, PA, August 22-26, 2004

hto/oubs.acs ora/doi/aba/ 10 102 140487248

Dubost, N.J., Beelman, R.B., Petersen, D.G., and Royse, D.J. 2006, Identification and
guantification of ergothioneine in cultivated mushrooms by liquid chromatography-mass
spectroscopy. Int. ¥ Med. Mushr. 8:215-222.

hitn www. dl beeelthouse cont/iourmals/708ae08dadb 1 7e52 671a6at2515135h% 62e00b04 1445
ddec himi

Totlani, V.M. and Peterson, I.G. 2005. Reactivity of epicatechin in aqueous glycine and
glucose Maillard reaction models: quenching of C,, Cs and Cy-sugar fragments. J. Ag. Fd.
Chem. 53:4130-4135.

Impact Factor 3.1. hitp://pubs acs org/doy/Tutl/ 10 102141050044

. Colahan-Sederstrom, P.M. and Peferson, D.G. 2005 Inhibition of key aroma compound

generated during ultra-high temperature processing of bovine milk via epicatechin addition. J.
Ag Fd Chem. 53: 389-402.

bttpoubs.acs.org/dov/iull/ 10 102 1ATU48724R

Potinent, RV, and Peferson, D.G. 2005, Influence of thermal processing conditions on flavor
stabifity in fluid milk: benzaldehyde. J. Dairy Sci. 88:1-6.
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hitpAwww seiencedirect comysoience/article/nit/SO02 2030208726552

Morawicki, R.O., Beelman, R.B., Peterson, D.G. 2005 Recovery and purification of 10-ox0-
trans-8-decenoic acid enzymatically produced using a crude homogenate of Agaricus bisporus.
J. Food Sci. 70(8): C490-494.

Impact factor: 1.775. hitp Jonbinelibrary wilev com/doi/10 11 1365~
2621 2005 1b 11506 x/absiract

Morawicki, R.O., Beelman, R.5., Peterson, D.G. and Bemirct, A. 2005, Biosynthesis of 1-
octen-3-ol and 10-oxo-trans-§-decenoic acid using a crude homogenate of Agaricus bisporus:
Reaction Scale Up. 1. Food Sci. 70(5):367-371.

hitponbinelibrary wilev. com/doy/ 101 11U/ 1365-2621 2008 1hOS978 x/abstract

Gallaher, JJ, Peterson, D.G., Roberts, R.F. and Coupland, JN. 2005, Effect of composition
and antioxidants on the oxidative stability of fluid milk supplemented with an omega-3 oil rich
emulsion. International Dairy Journal. 15:333-341.

httn:Ywww sclencedirect cony/science/article/piy/ SUUS 8604604002 106X

Morawickt, R (., Beelman, R B., Peterson, B.G. and Ziegler, G. 2005, Biosynthesis of 1-
octen-3-0] and 10-oxo-trans-8-decenoic acid using a mushroom homogenate. Optinization of
the reaction, part I: kinetic factors. Process Biochemistry. 40:131-137.

hiip/hwvww sciencedirect cony/science/ariicle/piy/SHN3 2039203004618

. Peterson, B.G. and V. A Totlani. 2005, Influence of tlavonoids on the thermal generation of

aroma compounds. in Phenolics in Foods and Natural Health Products, New York, ACS
Sympostium Series #909, September 7-11, 2003, pg 143-160.
hitp//pubsacs. org/doi/abs/ 10,102 Ubk-2005-0%909 ¢chi 13

. Schober, AL and Peferson, D.(. 2004, Flavor release and perception in bard candy:

Influence of flavor corapound-compound interactions. J. Ag Fd. Chem. 52: 2623-2627.
httn:fpubs acs.ore/doy/Tull/10 1021410383133

. Schober, AL and Peferson, D.G. 2004, Flavor release and perception in hard candy:

Influence of flavor compound-flavor solvent interactions. J. Ag. Fd. Chem. 52: 2628-2631.
e

hitp:/pubs acs org/dot/Tull/10 102 1403584287

. Nattress, L. A |, Ziegler, G.R., Hollender, R and B.G. Peterson. 2003 The impact of hazelnut

paste on the sensory properties and shelf life of dark chocolate. J. Sensory Studies. 19: 133-
148 Impact factor 3.1, htip Yonlinelibrary wiley com/de/10 11114 1745
459X 2004 thOU 141 x/abstract

. Peterson, B.G. and Reineccius, (5. A. 2003. Characterization of the volatile compounds which

constitute fresh sweet cream butter aroma. Flavour Frag I 183(3):215-220.
http:onlinelibracy. wilev com/doi/ 10 1002/80. 1 192 /abstract

. Peterson, D.G. and Reineccius, (b.A. 2002, Biological pathways for the formation of oxygen-

containing aroma compounds. in Heteroatomic Aroma Compounds. G.A. Reineccius. ACS
Symposium 826, pg. 227-242. hitp://pubs.acs org/doi/abs/10 1021/6k-2002-0826 ¢hi14

. Peterson, B.G. and Reineccius, G.A. 2002, Determination of the aroma impact compounds in

heated sweet cream butter. Flavour Frag. T 18(4):320-324,

hitn:Honlinelibrary wilev com/doi/ 10 1002/M5 1228/ abstract

Peterson, B.G. and Fulcher, R.(x. 2001, Variation in Minnesota HRS wheats: Starch granule
size distribution. Food Research International 34(4): 357-363.
hitpAwvww sciencedirect comy/sciencs/article/nil/ SO86300000000 1 757

. Peterson, B.G. and Fulcher, RG. 2001, A simple digital conversion of a traditional laboratory

mixograph. Cereal Research Communications 29(3-4): 357-404.
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60. Peterson, D.G. and Fulcher, R.(G. 2001. Variation in Minnesota HRS wheats: Bran content. J.
Food Set. 67(1). 67-70.
http:onlinelibrary. wilev comy/doy/ 10 1111413652621 2002 th1 1360 x/abstract

Patents (inventor): i
International Application (PCT). April 21% 2015, Peterson, D. and Kokkinidou, S. Methods of
Making Modified Alcohol Containing Products.

USA application. An umami-enhanced food product and method of enhancing the umami taste of food
products.

Courses Taught:
Flavor Chemistry (FScN 8337), Flavor Technology (FScN 5521); Current Issues in Food Science
(FScN 8318); Food Chemistry and Functional Foods (FScN 4112}

Professional Memberships:
American Chemical Society
Institute of Food Technologists
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MATERIALS CONSIDERED

U.S. Application Senal No. 14/797,006, Fraser, R. Brown, PO, Kasr, J. and Holz-
Schietinger, C., 2014, Publication No. US 2015/0351435

Hsieh, F-h and Huff, HE. 2012 Meat analog compositions and process. U.S. Patent
Application No. US 2012/0093994 (“the ‘994 application”)

Office Action Mailed June 6, 2016 and draft Response o same

Declaration Under 37 CFR §1.132 of Celeste Holz-Schietinger, Ph.D.

Calkins, C.R. and Hodgen, J. M. A fresh look at meat tlavor. Meat Sci. 2007, 63-80.
Prouix, A K. and Reddy, M.B. Iron bioavailability of hemoglobin from soy root nodules
using caco-2 cell culture model. J. Agric. Food Chem. 2000, 54, 1518-1522.

Belitz, H.-D., Grosch, W, and Schieberle, P. Food Chemistry, 3™ revised edition.
Springer-Verlag, Berlin (2006), p. 368,

Tang, W, Jiang, D, Yuan, P. and Ho, C.-T. (2013) Flavor chemistry of 2Z-methyl-3-
furanthiol, an intense meaty aroma compound. J. Sulfur Chem. 34: 38-47.

Chaudhari, N. and Roper, S.D. (2010). The cell biology of taste. J. Cell Biol. 190(3): 285-
296.

Shahidi, F., Rubin, L.J, D’Souza, L A, Teranishi, R. and Buttery, R G. 1986 Meat
Hlavor volatiles: A review of the composition, techniques of analysis, and sensory
evaluation. CRC Crit. Rev. Food Sci. Nuir, 24: 142-243.

Cadwallader, K.R. and MacLeod, A.J. 1998, Instrumental methods for analyzing the flavor
of muscle foods. Ch. 16. In Flavor of Meat, Meat Products, and Seafoods, 27 Iid. Shahidi,
F. (Ed.). Blackie Academic & Professional, New York, pp.

Jublot, L., Rosing, E.AE, Blom, L. v.d, Desclaux, G, Martins, S.1F .S, Batenburg, AM.
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and Smit, G. 2010. Quantitation of sulphur aroma compounds in Maillard model reaction
systems of different composition. In Lxpression of Multidisciplinary lavour Science.
Proceedings of the 12th Weurman Symposium. Blank, 1., Wust, M., and Yeretzian,
C. (Eds.). Winterthur: Zurich University of Applied Sciences.

Spence, C. 2015, Multisensory flavor perception. Cell 161: 24-35.
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Attorney’s Docket No. TBD/ TBD

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor :  Patrick O'Reilly Brown ArtUnit 1792
M.D., Ph.D. Examiner Assaf Zilbering
Serial No, v 14/152,499 Conf. No. 1137
Filed » Januwary 10, 2014
Title : METHODS AND COMPOSITIONS FOR CONSUMABLES

Commuissioner for Patents
P.O. Box 1450
Alexandrig, VA 22313-1450

DECLARATION UNDER 37 CFR §1.132

L S, Christopher Davis, D.Phil, hereby declare as follows:

1. I am currently a Senior Director at Impossible Foods in Redwood City, California.
I have held this position since 2012, and I am responsible for long term research, intellectual
property strategies, and research partuerships with global businesses. I have lead the product
development, pilot and engineering team in their work to discover, develop and scale-up foad
products. I have also lead the research tearm responsible for examining the flaver profile of
antmal products and for developing similar flavor profiles in products derived from plant
materials,

2. . Priorto my position at Impossible Foods, I was a Director at Codexis, Inc. in
Redwood City, California from 2002 to 2012, In that position, I was responsible for the
analytical biochemistry group, which was focused on the quantitative analysis of chemical and
biological compositions to support the creation of proteins and microbial biocatalysts for the
production of pharmaceutical drugs, drug intermediates, chemicals, and biofuels. I was also
responsible for creating the process chemistry, analytical chemistry and fermentation groups and
for leading a series of product development programs. My work was recognized by two
Presidential Green Chemistry Challenge Awards (2006 and 2012), Prior to my position at
Codexis, I was a Scientist Il at Maxygen, Inc. in Redwood City, California from 1998 to 2002,
In that position, [ developed new tools and methods for directed evolution.

3. I received Bachelors of Science (B.S.) degrees in Chemistry and Biochemistry in
1989 from Southampton University, and I received a Doctor of Philosophy (D.Phil) degree in
Organic Chemistry in 1992 fromx Oxford University. I was a postdoctoral research associate at

the University of California at San Francisco from 1993 to 1998, where [ worked on the control
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PHD.

Serial No. : 14/152.499

Filed : January 10, 2014
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of catalysis by cytochrome P450 enzymes and on the development of novel gene therapy

methods.
4. A copy of my curriculum vitae is attached as Exhibit A.
5. In the preparation of my declaration, I have reviewed U.S. Application Serial No,

14/152,499 (*“the 499 application™), as well as the Office Action mailed March 10, 2017, in
which the claims of the ‘499 application were rejected as being obvious over Van den Briel et al.
(EP 1759593)(“Van den Briel”) in view of Proulx et al. (2006, J. Agric. Food Chem., 54:1518-
22)(“Proulx’), Asgar et al, (2010, Comp. Rev. Food Sci. Food Safety, 9:513-29)(*Asgar™) and
Brewer (2006, “The Chemistry of Beef Flavor — Executive Summary,” National Cattlemen’s
Beef Association, #12814).

6. Proulx examined the bioavailability of heme iron derived from soy root nodule
and purified soy leghemoglobin sources in a corn flour matrix (a tortilla made with corn flour
and water) using a Caco-2 cell model system.

7. We performed a number of compositional analyses on com flour. To perform
these experiments, I purchased a 4,84 pound bag of Maseca masa instant corn flour (“the corn
flour™) from the Casa Lucas Market on 7/16/2016. Casa Lucas Market is located at 2934 24% St.
in San Francisco, California. [ brought the bag of the corn flour back to Iﬁap@ssibie Foods.

8. On July 27, 2016, I weighed and then placed 500 grams of the corn flour into a
clean Ziplock bag and shipped the bag to Silliker’s Northern California Laboratory (referred to
hereafter as “Silliker™). Silliker is located at 5262 Pirrone Court in Salida, California.

9. 1 instructed Silliker to analyze the elemental composition of the comn flour,
Specifically, I instructed Silliker to perform compositional analysis of the corn flour for ash,
carbohydrates, fats, total protein, sulfur, minerals (using ICP-MS to quantitate heavy metals),
free amino acids, moisture, and monosaccharides and disaccharides including fractose, glucose,
sucrose, maltose and lactose.

10. A copy of the Certificate of Analysis prepared by Silliker is provided in Exhibit
B. Included in the Certificate of Analysis is a literature citation for each method that was used in
the analysis determining the elemental composition of the comn flour. Silliker follows a validated

sample preparation method appropriate for measurement of each compound identified in the

[\
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Certificate of Analysis and a validated method to determine the amount of each compound
identified in the Certificate of Analysis. Silliker performs all of their analyses under good
laboratory practice (GLP) conditions.

1. Asshown in Exhibit B, the amowunt of each free amine acid, including
methionine, was at or below the limit of quantitation for this assay. The limit of quantitation of
0.01% wiw corresponds to a concentration of 0.7 millimelar (mM) for methionine, which has a
molecular weight of 149, Therefore, niethionine is present at a concentration of less than 0.7
mM in the corn flour.

12.  The methods utilized by Silliker cause cysteine and cystine (also known as
disulfide-bonded cysteine) to degrade and so are inappropriate for quantitation of cysteine and
cystine. To further evaluate the content of amino acids, including cysteine and cystine, in the
corn flour, we asked Alphalyse Inc. (referred to hercafier as “Alphalyse”) to determine the
amounts of individual amino acids (i.e., free amino acids) in the comn flour.

13, On Getober 27, 2016, I placed 10 g grams of the corn flour into a clean Ziplock
bag and shipped the bag to Alphalyse. Alphalyse is located at 200 Page Mill Road, Suite 100, in
Palo Alto, California. [ instructed Alphalyse to determine the amounts of the frec amino acids in
the comn Hour. | | | |

14. A copy of the Amino Acid Analysis Report prepared by Alphalyse is provided in
Exhibit C. Included in Exhibit C is a description of the methods that were used to analyze the
free amino acids in the corn flour. Briefly, Alphalyse extracted the free amino acids by treating
the corn flour with dilute acid, followed by chromatographic separation of the compounds
contained within the resulting extract. The specific chromatographic conditions and the resulting
chromatograms provided by Alphalyse also are shown in Exhibit C.

15. As shown in Exhibit C, none of methionine, cysteing, or ¢ystine were detected in
the com flour at a limit of quantitation of 50 ppm. 50 ppm of methionine (molecular weight of
149) corresponds to a concentration of 0.3 mM, 50 ppm of cysteine (molecular weight of 121)
corresponds to a concentration of 0.4 mM, and 50 ppm of cystine (molecular weight of 240)

corresponds to a concentration of 0.2 mM, Therefore, methionine, cysteine and cystine, as free

¥
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amino acids, are present in the comn flour at a concentration of less than 0.3 mM, 0.4 mM and 0.2
mM, respectively, or less than 0.9 mM in total.

16.  Inaletter dated November 23, 2016 (Exhibit D), Alphalyse confirmed their
results in respect to cysteine/cystine, stating that their analysis “did not find any trace of free
Amino Acids, including cysteine/cystine” in the com flour.

17.  The methods utilized by Silliker and Alphalyse did not specifically detect for the
presence of thiamine. Thiamine, however, is known to be present in white masa flour (e.g.,
white corn flour) at a level of .22 mg/100 g flour (see Suri et al,, 2016, Comprehensive Reviews
in Food Science and Food Safety, 15:912-926, see pg. 915; Exhibit E), which corresponds to a
concentration of 8 micromolar (uM) thiamine in corn flour.

18. To further examine the composition of the masa flour, and, particularly, the
sulfur-containing free amino acid composition of the masa flour, I weighed and then placed
about 100 grams of the corn flour into three different clean Ziplock bags and shipped the bags to
the Proteomics & Mass Spectrometry Facility at the Donald Danforth Plant Science Center
(referred to hereafter as “Danforth™) on December 13, 2016. Danforth is located at 975 North
Warson Road in St. Louis, Missouri.

19, 1 instructed Danforth to analyze the elemental bompos‘;‘tion of the corn flour.
Specifically, I instructed Danforth to perform free amino acid analysis of the com flour.

20, A copy of the Report prepared by Danforth is provided in Exhibit ¥. Included in
the Report is a description of the method that was used to analyze the free amino acids in the
corn flour. Danforth follows a validated sample preparation method appropriate for
measurement of free fatty acids and a validated method to determine the amount of each free
fatty acid. Danforth performs all of their analyses under good laboratory practice (GLP)
conditions.

21, Briefly, Danforth extracted the free amino acids by treating the flour samples with
several different extraction solvents as indicated, followed by treatment with a mild acid and
chromatographic separation of the compounds contained within the resulting extract. The
specific chromatographic conditions and the resulting chromatograms provided by Danforth also

are shown in Exhibit F.
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22. As shown in Exhibit F, the amount of cysteine in the three flour samples (ie,,
0.00000%, 0.00000% and 0.00000%) wete all below the limit of quantitation for this assay (i.e.,
0.00050%). For cysteine, which has a molecular weight of 121, the limit of quantitation
corresponds to a concentration of 0.04 mM. Therefore, cysteine is present at a concentration of
less than 0.04 mM in the com flour,

23.  Asshown in Exhibit F, the amount of cysteic acid (Cya) in the three flour
samples (i.¢., 0.00000%, 0.00000% and 0.00000%) were all below the limit of quantitation for
this assay (i.e., 0.00050%). For Cya, which has a molecular weight of 169, the limit of
quantitation corresponds to a concentration of 0.03 mM. Therefore, Cya is present at a
concentration of less than 0.03 mM in the corn flour,

24, As shown in Exhibit F, the amount of disulfide bonded cysteine (Cys-Cys), also
known as cystine, in the three flour samples (Le., 0.00000%, 0.00000% and 0.00000%) were all
below the limit of quantitation for this assay {(i.c., 0.00050%). For Cys-Cys, which hasa
molecular weight of 240, the limit of quantitation corresponds to a concentration of 0,02 mM.
Therefore, Cys-Cys is present at a concentration of less than 0.02 mM in the corn flour,

25.  Asshown in Exhibit F, the amount of methionine in the three flour samples (i.e.,
0.03041%,' 0.00037% and ().00040%) were all below the limit of quantitation for this assay (i.e.,
(.00050%). For methionine, which has a molecular weight of 149, the limit of quantitation
corresponds to a concentration of 0.03 millimolar (mM). Therefore, methionine is present at a
concentration of less than 0.03 mM in the corn flour,

26.  Asshown in Exhibit F, the amount of methionine sulfoxide (MetS) in the three
flour samples (i.e., 0.00000%, 0.00000% and 0.00000%) were all below the limit of quantitation
for this assay (i.e., 0.00050%). For MetS, which has a molecular weight of 165, the limit of
quantitation corresponds to a concentration of 0.03 mM. Therefore, MetS is present at a
concentration of less than (.03 mM in the corn flour.

27.  Insununary, based on the analyses described above and the published literature, it
is my opinion that the corn flour tortilla of Proulx contains no more than 0.15 mM of fres amino
acids that contain sulfur (i.e., methionine, cysteine, disulfide bonded cysteing, cysteic acid, and

methionine sulfoxide).
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First Named Inventor :  Patrick O'Reifly Brown M.D., Atforney’s Docket Ne.: 38767-0012001 / M1
Ph.D.

Seriai No. : 14/152,499

Filed : January 10,2014

Page : Gofé

28, Ihereby declare that all statements made herein of my knowledge are true and
that all statements made on information and belief are believed to be true; and further that these
statermnents were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States
Code and that such wiliful false statements may jeopardize the validity of the application or any

patents issued thereon.

et 8 .
Date: o3 W&} ?"Of,:}

6
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S. Christopher Davis

Summary

The application of science to improve the quality of life with minimal environmental impact has been
the focus of my career. | am an experienced industrial biotechnologist, with a passion for building
and mentoring scientific teams to achieve strategic goals in a safe, cost effective, focused manner.
Broadly experienced, but with a focus on the optimization of strains and proteins to meet commercial
targets. Proven ability o conceive, implement and lead challenging research projects to completion.
An independent thinker and team player, with excellent interpersonal and leadership skills who
maintains high standards and adapts rapidly to changing business needs.

Professional Experience
Impossible Foods, Redwood City, CA Senior Director

Accomplishments:

Responsibie for research partnerships with global businesses to rapidly expand production of our
foods.

Responsible for long term research and intellectual property strategy

Built and lead the product development, pilot and engineering team from 2012 to 2015, leading
the discovery, development and scale up of Impossible Foods products.

Built and lead the research team from 2012 to 2016 to understand why animal products are so
delicious and how to recreate the composite structures and flavors of animal products from plant
derived materials.

Creation and maintenance of a safe and collaborative environment for innovation

Codexis, Redwood City, CA Director

Accomplishments:

Biolndustrials

Responsible for the development of Codexol™, leading the strain and process development to
transform cellulosic sugars into detergent alcohols.

Built and led the Analytical Biochemistry-Bicindustrials group of 25 scientists. The group is
responsible for analysis, ranking and characterisation of protein and strain variants. Core skills
include high throughput screening, microfermentation, microbiology, protein chemistry, rheology,
analytical chemistry, protein secretion, and enzymology.

Concurrently built and led the Fermentation Research and Development group of 11 scientists.,
responsible for the development and tech transfer of safe, cost effective fermentation processes
for the production of biofuels. Core skills involve fermentation process and media development,
adaptive evolution and microbial physiology.
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Pharmaceuticals

Presidential Green Chemistry Challenge award for Greener Synthetic Pathways 2012 for “An
Efficient Biocatalytic Process to Manufacture Simvastatin”

Led the research team that developed the first commercial biocatalytic process enabled by
shuffling, currently running at the multi-ton scale. This work has been recognized by:

o Presidential Green Chemistry Challenge award for Greener Reaction Conditions 2006 for
“Directed Evolution of Three Biocatalysts to Produce the Key Chiral Building Block for
Atorvastatin, the Active Ingredient in Lipitor®

o The cover of Chemistry and Engineering News and Nature Biotechnology

o The award of 5 patents, publication in Nature Biotech.

Built and led the Analytical Biochemistry-Pharmaceuticals group of 30 scientists. The group is
responsible for analysis, ranking and characterization of variants for every directed evolution
campaign. Core skills include HTS, chemistry, analytical chemistry, heterologous protein
expression, enzymology, process miniaturization, statistics and high throughput experimentation.
Started the Biocatalysis, Chemical development and Analytical Chemistry groups in Codexis,
responsible for chemical process development, biocatalysis and method development and
analytical support for all projects.

Founding member of Codexis in 2002

Maxygen, Redwood City, CA

Accomplishments:

Led a team of 4 scientists focused on the development of new assay tools for use in directed
evolution, including HTP chiral analysis and protein purification/quantitation and patch arrays for
protein activity analysis.

Deveioped and implemented methods for directed evolution in E. cofi, P. pastoris and the
baculovirus expression system enabling product opportunities in protein therapeutics, agriculture
and chemical processing.

Coinvented the ProSAR algorithm incorporating statistical sequence-function analysis into
directed evolution.

Education

University of California at San Francisco Prof. P. Ortiz de Montellano and Prof F.C. Szoka Jr.
D.Phil., Organic Chemistry, Oxford University, UK Professor Sir J. E. Baldwin, F.R.S.
US Patents

9,228,223 Structure-activity relationships

8,849,575 Methods, systems, and software for identifying functional biomolecules
8,535,910 Halohydrin dehalogenases and related polynucleotides

8,252 554 Halohydrin dehalogenases and related polynucleotides

8,101,395 Halohydrin dehalogenases and related polynucleotides
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8,014,961 Integrated systems and methods for diversity generation and screening

7,939,309 Glucose dehydrogenase polypeptides and related polynucleotides

7,833,767 Ketoreductase polypeptides and related polynucleotides

7,824,898 Halohydrin dehalogenases and related polynucleotides

7,816,111 Glucose dehydrogenase polypeptides and related polynucleotides

7,807,423 Enzymatic processes for the production of 4-substituted 3-hydroxybutyric acid derivatives
7,783,428 Methods, systems, and software for identifying functional biomolecules

7,751,986 Methods, systems, and software for identifying functional biomolecules

7,747,391 Methods, systems, and software for identifying functional biomolecules

7,629,157 Ketoreductase polypeptides and related polynucleotides

7,588,928 Halohydrin dehalogenases and related polynucleotides

7,541,171 Halohydrin dehalogenases and related polynucleotides

7,462,469 Integrated system for diversity generation and screening

7,132,267 Enzymatic processes for the production of 4-substituted 3-hydroxybutyric acid derivatives and
vicinal cyano, hydroxy substituted carboxylic acid esters

7,125,693 Enzymatic processes for the production of 4-substituted 3-hydroxybutyric acid derivatives
6,605,430 DNA shuffling of monooxygenase genes for production of industrial chemicals

Published Patent Applications

WO/2016/054375 Methods for extracting and purifying non-denatured proteins

WO/2015/038796 Secretion of heme-containing polypeptides

US/20150017696 Recombinant host cells and processes for producing 1,3-butadiene through a crotonol
intermediate

US/20130165341 Structure-activity relationships

US/20130157900 Structure-activity relationships

US/20120208259 Halohydrin Dehalogenases and Related Polynucleotides

US/20110257023 Methods, systems, and software for identifying functional biomolecules
US/20110161265 Methods, systems, and software for identifying functional bio-molecules
US/20100304459 Glucose dehydrogenase polypeptides and related polynucleotides

US/20100167345 Halohydrin dehalogenases and related polynucleotides

US/20100028972 Ketoreductase polypeptides and related polynucleotides

US/20090298125 Halohydrin dehalogenases and related polynucleotides

US/20090118130 Structure-activity relationships

US/20070161094 Enzymatic processes for the production of 4-substituted 3-hydroxybutyric acid derivatives
US/20060195947 Ketoreductase polypeptides and related polynucleotides

US/20050272064 Halohydrin dehalogenases and related polynucleotides

US/20050153417 Halohydrin dehalogenases and related polynucleotides

US/20050095619 Glucose dehydrogenase polypeptides and related polynucleotides

Peer reviewed articles

A green-by-design biocatalytic process for atorvastatin intermediate. Steven K. Ma, John Gruber, Chris Davis, Lisa
Newman, David Gray, Alica Wang, John Grate, Gjalt W. Huisman and Roger A. Sheldon Green Chem., 2010, 12, 81-
86

Bayesian credible intervals for response surface optima Richard J. Fox, David Eigart, S. Christopher Davis. Journal of
Statistical Planning and Inference (2009), 139(3), 2498-2501
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Improving catalytic function by ProSAR-driven enzyme evolution.  Fox, Richard J.; Davis, S. Christopher; Mundorfi,
Emily C.; Newman, Lisa M.; Gavrilovic, Vesna; Ma, Steven K.; Chung, Loleta M.; Ching, Charlene; Tam, Sarena;
Muley, Sheela; Grate, John; Gruber, John; Whitman, John C.; Sheldon, Roger A.; Huisman, Gjalt W. Nature
Biotechnology (2007), 25(3), 338-344.

Novel enzyme activities and functional plasticity revealed by recombining highly homologous enzymes. SunAi
Raillard, Anke Krebber, Yonghong Chen, Jon E Ness, Ericka Bermudez, Rossana Trinidad, Rachel Fullem,
Christopher Davis, Mark Welch, Jennifer Seffernick, Lawrence P Wackett, Willem P.C Stemmer, Jeremy Minshull.
Chemistry & Biology 8 (2001) 891-898

Conditionally stable liposomes for gene delivery. Davis, S. C.; Szoka, F. C., Jr. ACS Symposium Series (1999),
728(Intelligent Materials for Controlled Release), 179-189.

Cholesterol Phosphate Derivatives: Synthesis and incorporation into a Phosphatiase and Calcium-Sensitive Triggered
Release Liposome.  Davis, S. C.; Szoka, F. C. Jr. Bioconjugate Chemistry (1988), 9(6), 783-792.

Glu-325 and Asp-328 Are Determinants of the Cyp4A1 Hydroxylation Regiospecificity and Resistance to Inactivation
by 1-Aminobenzotriazole. Dierks, Elizabeth A.; Davis, S. Christopher; Ortiz de Montellano, Paul R. Biochemistry
{1998), 37(7), 1839-1847.

Effects of cylochrome P450 inhibitors on EDHF-mediated relaxation in the rat hepatic artery.  Zygmunt, Peter M,
Edwards, Gillian; Weston, Arthur H.; Davis, S. Christopher; Hoegestaett, Edward D. British Journal of Pharmacoiogy
{1896), 118(5), 1147-1152.

Oxidation of w-0xo fatty acids by cytochrome P450BM-3 (CYP102).  Davis, S. Christopher; Sui, Zhihua; Pelerson,
Julian A.; Ortiz de Montellano, Paul R. Archives of Biochemistry and Biophysics (1896}, 328(1), 35-42.

Cleavage of the 5-amino-5-carboxy-2-oxapentanoyl side chain from enzymically synthesized penicillins and

cephalosporins.  Baldwin, Jack E.; Davis, S. Christopher; Forrest, Andrew K.; Schofield, Christopher J. Bicorganic &
Medicinal Chemistry Letters (1895), 5(21), 2507-12.
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SILLIKER inc.

Northern California Laboratory

5262 Pirrone Court, Salida, CA 95368
Tel. 209/ 549 7508 Fax. 209/ 545 0245

Case No.: IPR2023-00207
U.S. Patent No. 11,224,241

CERTIFICATE OF ANALYSIS

COA No: CCA-38255182-0
Supersedes: None

COA Date 8/9/16

Page 10f 3

TO:

Mr. Tuan Truong

Sr. Quality Control Specialist
Impossible Foods inc.

525 Chesapeake Drive
Redwood City, CA 94063

Received From: |Redwood City, CA

Received Date: |7/28/16
P.O#/ID: CD072716/1234

Location of Test: (except where noted)
Salida, CA

Analytical Results

Desc. 1: Maseca Harina
Desc. 2: 500g Powder
Analyte

Ash

Carbohydrates - Calculation

Fat - Mojo, Acid Hydrolysis

Free Amino Acids
Aspartic Acid
Threonine
Serine
Glutamic Acid
Glycine
Alanine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Lysine
Histidine
Arginine

ICP MS Fult Mineral Screen
ICPMS Prep
Aluminum
Antimony
Arsenic
Barium
Beryitium
Bismuth
Boron
Cadmium
Calcium
Chromium
Cobalt

Result Units
1.21 % (wiw)
74.26 % (wiw)
443 % (wiw)

0.02 % (wiw)
0.03 % (wiw)
<0.01 % (wiw)
0.02 % (whw)
<0.01 % (wiw)
0.01 % (wiw)
<0.01 % (wiw)
<0.01 % (whw)
<0.01 % (wiw)
<0.01 % (wiw)
<0.01 % (wiw)
<0.01 % (whw)
<0.01 % (wiw)
<0.01 % (wiw)
<0.01 % (wiw)

Acid Digest -

2.1 ppm (wiw)
<0.01 ppm {wiw)
0.02 ppm (wiw)
0.12 ppm (wiw)
<0.01 ppm {(wiw)
<0.02 ppm {wiw)

14 ppm (whw)
0.006 ppm {(w/w)
552 ppm (wiw)
0.03 ppm {(wiw)
0.03 ppm (wiw)

Laboratory ID: 362549446

Condition Rec'd: NORMAL

Temp Rec'd (°C): 27
Method Reference Test Date Loc.
AOQAC 945.46 8/2/16
Calculation 8/4/16
AGAC 933.05 8/4/16
USDA MSS2 (1993) 8/8/16 CHG
EPA 3050/6020 USP730 8/3/16 CHG

Results reported herein are provided "as is" and are based solely upon samples as provided by client. This report may not be distributed or reproduced
except in fuil. Client:shall not at any time misrepresent the content of this report. Mérieux NutriSciences assumes no responsibility, and client hereby
waives all claims against Mérieux NutriSciences, for interpretation of such resuits.

Except as otherwise stated, Mérieux NutriSciences Terms and Conditions for Testing Services apply.
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SILLIKER inc.

Northern California Laboratory

5262 Pirrone Court, Salida, CA 95368
Tel. 209/ 549 7508 Fax. 209/ 545 0245

Case No.: IPR2023-00207
U.S. Patent No. 11,224,241

CERTIFICATE OF ANALYSIS

COA No: CCA-38255182-0
Supersedes: None

COA Date 8/9/16

Page 2 0of 3

TO:

Mr. Tuan Truong

Sr. Quality Control Specialist
Impossible Foods inc.

525 Chesapeake Drive
Redwood City, CA 94063

Received From:

Redwood City, CA

Received Date:

7/28/16

P.O.#/ID:

CDQ72716/1234

Location of Test: (except where noted)

Salida, CA

Analytical Results

Desc. 1: Maseca Harina
Desc. 2: 500g Powder

Analyte
Copper
lron
Lead
Lithium
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Phosphorus
Potassium
Selenium
Sitver
Sodium
Strontium
Thallium
Thorium
Tin
Titanium
Uranium
Vanadium
Zinc
Zirconium
ICP Sample Prep - Microwave
Moisture - Vacuum Oven
Protein - Kjeldahl
Protein Factor
As Received
Reducing Sugar
Sugars
Fructose
Glucose

Resuit
1.41
14.6

<{0.01
<0.1
886
514
<0.005
0.38
0.20
2090
2810
<0.1
<Q.02
231
1.01
<0.01
<0.1
<0.01
412
<0.01
0.01
17.8
<0.1

Units

ppm (wiw)
ppm (wiw)
ppm (wiw)
ppm (wiw)
ppm {(wiw)
ppm (wiw)
ppm (wiw)
ppm (wiw)
ppm {(wiw)
ppm (wiw)
ppm (wiw)
ppm (wiw)
ppm {(wiw)
ppm (wiw)
ppm (wiw)
ppm (wiw)
ppm {(wiw)
ppm (wiw)
ppm (wiw)
ppm (wiw)
ppm {(wiw)
ppm (wiw)
ppm (wiw)

Microwave -

11.38

6.25
8.66
0.30

<0.25
0.30

% (wiw)

% (wiw}
% (wiw)

% (wiw)
% (wWiw)

Laboratory ID: 362549446
Condition Rec'd: NORMAL

Temp Rec'd (°C): 27
Method Reference Test Date Loc.
AOCAC 984 .27 8/2/16 CHG
AQAC 927.05 7/29/16
ACAC 991.20} 8/2/16
AOCAC 268.28 8/8/16 CHG
AQAC 980.13 8/8/16 CHG

Results reported herein are provided "as is" and are based solely upon samples as provided by client. This report may not be distributed or reproduced
except in fuil. Client:shall not at any time misrepresent the content of this report. Mérieux NutriSciences assumes no responsibility, and client hereby
waives all claims against Mérieux NutriSciences, for interpretation of such resuits.

Except as otherwise stated, Mérieux NutriSciences Terms and Conditions for Testing Services apply.
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Case No.: IPR2023-00207
U.S. Patent No. 11,224,241

CERTIFICATE OF ANALYSIS

COA No: CCA-39255182-0
SI LLI KER!_ ’nc_' Supersedes: None
Northern California Laboratory COA Date 8/9/16
5282 Pirrone Court, Salida, CA 95368 Page 3 of 3
Tel. 209/ 549 7508 Fax. 209/ 545 0245
TO:
Mr. Tuan Truong Received From: |Redwood City, CA
Sr. Quality Control Specialist Received Date: |7/28/16
Impossible Foods !n_c. P.O.#/ID: CD072716/1234
525 Chesapeake Drive Location of Test: (except where noted)
Redwood City, CA 94063 Salida, CA

Analytical Results

Desc. 1: Maseca Harina Laboratory ID: 362549446

Desc. 2: 500g Powder Condition Rec'd: NORMAL

Temp Rec'd (°C): 27

Analyte Result Units Method Reference Test Date Loc.
Sucrose 1.28 % (wiw)
Maltose <0.25 % (wiw)
Lactose <0.25 % (wiw)}

Sulfur EPA 6010 8/4/16 CHG
As Received 87.1 mg/100g
Sulfur 87.1 mg/100g

TR {8

Noted Test Locations:

Mike Erickson

CHG-Silliker, Inc. {iinois Laboratory, 3600 Eagie Nest Drive, North Building, Crete, iL 60417

Laboratory Director

Results reported herein are provided "as is"” and are based solely upon samples as provided by client. This repost may not be distributed or reproduced
except in fuil. Client:shall not at any time misrepresent the content of this report. Mérieux NutriSciences assumes no responsibility, and client hereby

waives all claims against Mérieux NutriSciences, for interpretation of such resuits.

Except as otherwise stated, Mérieux NutriSciences Terms and Conditions for Testing Services apply.
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Aming Acid Analysis Report TN

Qrder 168887

Experimental

Samples received

The following sample was received at Alphalyse for protein analysis.

flour

Aming Acid Analysis

Amino acid analysis is a method to determine the absolute amounts of individual amino acids in a
sample. The method can be applied to samples containing free amino acids, as well as to peptides
and protein samples after hydrolysis intoc amino acids. Amino acid analysis can be used for
determination of the relative composition of amino acids in a protein, for determination of the
absolute amount of a protein or peptide if the amino acid sequence is known, and for purity
estimation of a purified protein.

The acid hydrolysis is performed for 20 hours at 110 degrees Celcius, in 6 M HCl, 0.1% phenol,
0.1% thioglycolic acid. The hydrolysis takes place under reduced pressure in an atmosphere of
argon. Identification and quantification of the amino acids takes place on a BioChrom 30 amino
acid analyzer using ion exchange chromatography, post-column derivatization with ninhydrin and
detection at two wavelengths, 570 nm and 440 nm. A known amount of the natural amino acid
sarcosine (Sar) is added as an internal control standard. The common 20 amino acids, except
tryptophan and cysteine, are determined. Under the used conditions tryptophan is degraded, and
the vield of cysteine is so variable that it is not calculated. Asparagine is determined as aspartic
acid and glutamine as glutamic acid.

Data interpretation

In the amino acid analysis it should be noted that:

1. Serine and threonine are degraded slightly during acid hydrolysis, and recoveries can be 10% {ower than
expected.

2. Methionine can be oxidized during hydrolysis, usually iess than 10% is oxidized.

3. Valine and isoleucine bonds (Val-Val, Ile-Val, Vai-lle, Ile-ile) are difficult to hydrolyse and recoveries can be 5-
15% lower than expected.

4. Glycine content is often higher than expected because it is a frequent contaminant due to ifts use in many buffers.

5. The results table contains the columns Raw pmotl and Corrected pmol. Analysis of known amounts of BSA
standards is used to determine a Compensation factor to correct for differences in ninhydrin reactivity and
hydrolysis efficiency (Data from the standard can be provided on request).

6. The raw chromatography data are provided in page 3.
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N

Order 16987 _—

Aming Acid Analysis Report

Results

2, 16mg of the sampie was subjected protein removal by acetone precipitation and
supernatant was used for free aming acid analvsis.

Order # 16967
AAA order # 848
Signal strength None
Appendix: 20161108_011_Method Report
ANMALYSIS
INFO ANALYSIS DATA CALCULATIONS
Amino acids MW of free AA Raw pmole C:ﬁ:‘eoit:d Cak;: I:/“ of ul%:dpé;n
sample
 Asp/Asn 133 0 0 0,00
Thr 119 0 0 0,00
Ser 105 0 0 0,00
. Sar
 Glu/Gln 147 0 0 0,00
5 75 0 0 0,00
89 G 0 0,00
121
117 0 0 0,00
149 G 0 0,00
131 0 0 0,00
131 0 0 0,00
181 8] 0 0,00
165 G 0 0,00
155 0 0 0,00
146 0 0 0,00
174 ¢ ] 0,00
115 0 0 0,00
204
0 0 0,00
Compensation factor 1,04
L oaded on instrument 2,16 mg
Amount in sample
{rg AA/mg sample} 0,00
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mV

Alphalyse -~ Biochrom 30+

Method: C\Biochrom\OpenlLAB Projects\Default\Method\NaHP alphalyse 0215 met
Standard: C:\Biochrom\OpenL. AB Projects\Default\Result\ 20161108 011.dat

Name: AAA848 & 849_16967_flour2

Date : 08/11/2016 23:26:21 {GMT -00:00)

Instrument Serial No : 121820 Column No - b-5080  Resin No: 20966

240 I 240
220 220
200 - - 200
5 ‘b 1‘5 2‘0 ‘ 2‘5 3‘0 3‘5 ‘ 4‘0
Minutes
150 F150
125 125
100 u & —— - 100
5 *b 1‘5 50 2‘5 3‘0 3‘5 4‘0
Minutes

Bio30+ 570nm Results

Amino acid Retention fime {min.] Area ESTD amount {pmol]

Asp 0.6 BDL

Thr 0.6 BDL

Ser 6.0 BDL

Sarcosine £2.9 64055154 0.0

Glu ¢.0 BDL

Glv 18.0 700038 2.8

Ala 191 63856 3.9

CyS 201 997802 0.0

Val 20.6 459100 0.0

Met 223 1451145 59.¢

Tie 234 913855 70.6

Leu 248 117841 993

Tyl' 281 1213658 2357

Phe 0.0 BDL

His 0.6 BDL

Lys 0.0 BDL

Arg 0.0 BDL

Totals

69972469 2303

Bio30+ 440nm Results

Amine acid Retention time {min.] Area ESTD amount {pmol]

Pro ¢.0 BDL

Totals

my

mv

Case No.: IPR2023-00207

U.S. Patent No. 11,224,241
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mpoesitde Foods ine.

At Chris Davig

Bovamdber 23, 2016

Regarding order 18967

This is to confirm that we have conducted aming acld anabests oo sampie: Hlowr

2 36mg of the sample was subjecied 1o protein removal by acetone pracipiiation and
supernatant was usesdt for freg aming acld analysis. We did not find avwy trace of free Aming
acids, including systeing/uystine, in the supernatant at level =5 ppm.

“Thomas Kofe

N

{8 ALPHALYSE

T
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Effects of Different Processing Methods
on the Micronutrient and Phytochemical Contents

of Maize: From Ato Z

Devika §. Suri and Sherry A. Tanumihardjo

Abstract:

Maize is 2 staple human food saten by more than a bithon people around the world in 3 variety of whole and

processed products: Differenit processing niethods result in changes to the tmtritional profile of mitze products, which can
ereatly affect the micronutnient intake of populations dependent on this crop for 3 larze proportion of their caloric needs.
This review summarizes the effects of different processing methods on the resolting mcronuirient and phytochemical
cantents of matre The maporite ab eIt e Tt during staraes and miﬂing; further Toss occurswith soakineand
cooking, but fermentation and mixtamalization Soakine in alkaline solution) can increase bioavalability of riboflavin and
niacin. Camcenoids: found muinly 1 the kerael endosperm, tncrease in conventration after depermunation. while other
vitanins and minerals, found manly o the werm e redoced. Mineral bioavailability can be improved by processing
niethods that reduce phyiic acid; such as wiaking, fermienting, cooking, and sixtamahization. Losses of micronutrients
during processing can beomitizared by chanses m methods of processing: in addivion o encourizing consumption
of whole-grain maize products over degermed, refinied products. In sorie cases, stich as niacin, processing i actually
necessary tor nurient bioavalabiivy, Diue tathe hich variabilivy inthe bascline nutrient contents smong maize Varieries,
combined with additional vadability in procesaing effects, the most aceurare duta on nutrient content will be obtainied
through snalysis of specitic maize products and consideration of iu vivo bivavailability

Maize is one of the most produced cereal crops 1n the world,
with over 120 million metric tons for human consumption in
2011 (FAQ 2011}, and it is a staple food for over 1.2 billion peo-
ple {Lozano-Alejo and others 2007). Maize contributes almost
one-third of the calories in the food supply of Central America
and Southern Africa {FAO 2011), and even higher in some in-
dividual countries, such as Zambia, in which maize contributes
over half of the calories in the food supply (FAOSTAT 2013},
Such populations may be dependent on maize for micronutrients
as well as macronutrients; among a group of Guatemalans, intake
of maize tortillas was found to contribute 2 mean energy intake of
1164 keal/d, and provided at least half of the daily requirement of
calcium, iron, and zinc Krause and others 1992).

Maize 1s 2 crop that develops ears that each contains 300 to 1000
kernels. Types of maize include sweet, popcorn, dent (starchy or
floury}, and flint, which is also used as animal feed (FAO 1992},
Although the most commonly consumed varieties are white or
yellow, maize can be found in other colors including red, blue,
purple, and orange (FAQ 1992; Gannon and others 2014). The
kernel is mainly for storage of starch, but 1t also contains protein,

GUEOS0T7 Submined 3§
" Nutritional Sciences, {

fat, vitamins, and minerals, The major parts of the kernel are shown
in Figure 1. Kernel weight 15 distributed among the endosperm
(70% to 9093, germ (10% to 12%), and seed coat [pericarp plus
tipcap (5% to 6%)} (FAO 1992; Bressani and others 2002). The
minerals in maize are found mainly in the germ, which contains
about 78% of that in the whole kernel (FAO 1992), yet many
processing methods remove the germ, in part to improve shelf-
life. The most abundant minerals in maize are phosphorus, mag-
nestumi, and potassium. Vitamins are found in all major parts of
the kernel, including the endosperm (provitamin A carotenoids),
germ {vitamin E), and aleurone {water-soluble vitamins) (FAO
1992), Maize contains no vitamin 1D or B2, which must be ob-
tained from animal foods. The vitanin and mineral contents of
muaize and some common maize products are listed in Table 1
and 2.

Maize is consumed across the world in 2 variety of whole and
processed products. Whole-grain maize is consumed boiled or
roasted on the cob, canned or frozen sweetcorn, and as popcorn.
Ditferent processing methods result in changes to the notritional
profile of maize products, which vary by nutrient and strain of
muaize. Types of maize processing methods and examples of maize
products from around the world can be found in Table 3. The
most common processing method is milling, which grinds the
maize into coarse whole-grain pieces or fine flour and removes
much of the bran and germ, as in the case of refined maize Hlour.
Alternative types of milling produce different products; products of

H
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dry milling include grits, meal, and flour; products of wet milling
include starch, syrups, and dextrose, mainly forindustrial uses; tra-
ditional grinding methods retain some of the maize germ (Slavin
and others 2000}, Milled maize can be processed by heat into
foods such as porridge, polenta, grits, baked goods, and other lo-
cally named dishes. Traditdonal preparation methods often include
further processing, such as soaking, fermentation, and nixtamaliza-
tion {a process used in the production of tortillas in which maize is
mixed with alkaline lme solution, heated, and soaked overnight,
resulting in a chemically altered dough), which affects the content
and bioavailability of several nutrients (Bressani and others 1958).
Qther maize products include snack foods, such as deep-fried
maize chips, and industrially extruded, puffed, or flaked products.
Extrusion is a quick, high-temperatare technology used for pro-
cessing aize that results in chemical and nutritional changes in

the resulting maize products {Athar and others 2006). Each of

these processing methods can affect the nuwitional value of the
maize.

Nutritional changes during processing are important to con-
sider when assessing nutrient intake in populations who consume
a large proportion of their daily intake as maize or maize prod-
ucts. Furthermore, nuirient losses have important implications in
the nutritional value of processed maize products targeted toward
populations at risk of nutrient deficiencies. The objective of this
papert is to review the effects of different processing methods on
the nutrient contents of maize products by individual micronutri-
ents {including vitamins and minerals) and some other important
phytechemicals. Etfects on macronutrients are reviewed separately
(A1 and fane 2016).

ovutamm A carotenoids: 8-carotene, o-carotene, and j3-
cryptoxanthin

Vitamin A requirements are estimated wsing the concept of

retinol activity equivalent (RAE), which, in additdon to pre-
formed retinol and retinyl esters found in animal products,
plements, and fortified foods, describes the amount of provitamin
A carotenoids required to be converted to 1 pg retinel from a
mixed diet in healthy people. The Inst. of Medicine IOM) set
RAEs at 12 pg for B-carotene, and 24 ug for a-carotene and

sup-~

B-cryproxanthin (Otten and others 2006), which is based on the
structural differences among them. Some studies have shown more
efficient conversion factors {Muzhingi and others 2011), likely re-
lated to vitamin A status among other factors (Tanumihardjo 2008;
Tanumihardjo and others 2010). The Recommended Daily Al-
lowance (RDA) for vitamin A is 900 pg RAE and 700 pg RAE
for men and women, respectively (Otten and others 20063.

Carotenoid content of maize is highly variable among differ-
ent strains; some varieties can contain as much as 80 ug roral
carotenoids/g dry weight (Pixley and others 2013), while white
maize contains little to no retinol activity (Kean and others 2008;
USDA 2011; Zilié and others 2012}, in the vellow maize kernel,
over 90% of carotenoids are found in the endosperm (Lozano-
Alejo and others 2007), specifically the horny endosperm, which
contains 74% to 81%, and the foury endosperm, which contains
9% to 23%. In contrast, the bran and germ contain only 1% and 2%
to 4% of the carotenoids, respectively (Blessin and others 1963).
The carotenoid contents of maize and some maize products are
shown in Table 4.

Biofortification. Biofortification is the process of improving nu-
ritional profiles of crops through traditional breeding or biotech-
nology (Nestel and others 2006}, Due to the natural variability
in carotenoid content of maize, breeding efforts have aimed to
increase the provitamin A carotenoids i maize, from less than
2 ug pm\'dt;m’xin A carotenoids/g in yellow varieties to a target
of 15 pg/g in orange varieties (Pixley and others 2013). One
strain of hwh~[$~mmtene matze meetng this target contains 10
to 15 times the f-carotene of other strains, as well as increased
amounts of @-carotene and g-cryproxanthin {Li and others 2007;
USDA 2011). Another example of provitamin A biofortified maize
contains 12.7 pg P-carotene/g, 0.95 pg a-carotene/g and 1.62
fgfg B-cryptoxanthin (Li and others 2007). A randomized con-
trolled study with high-f-carotene maize ( about 20 pg B-carotene
equivalents at harvest) found that children consuming the orange
brofortfied miaize had sinular total body vitamin A increases at the
end of the trial compared with children given vitamin A supple-
ments at the level of the RDA, indicating good bioefficacy of the
B-carotene from biofortified maize (Gannon and others 2014},

Harvest, drying, and storage. Mugode and others (2014} exam-
ined the carotenoid content of biofortified provitanmn A maize,
harvested both at its “green” stage (60% moisture) and immedi-
ately boiled and roasted, and 2 mo later when dried on the stalk
{12% moisture). Their analysis data showed that the green maize
1etamed more total carotenoids than the dry maize, due mainly
to higher levels of lutein and zeaxanthin, while the dry maize
had higher concentrations of provitamin A carotenoids {for the
nmjority of genotypes tested).

A recent review found carotenoid retention in maize during
storage to be highly variable (39% to 78%), and in additon tw
storage time, retention can depend on environmental conditons,
such as temperature, light exposure, and humidity, maize geno-
type, and initial carotenoid content {(de Moura and others 2015).
Mugode and others examined the effect of storage on dry maize
stored shelled or on the ears aver a penod of 6t mo in a “wradi-
tonal storage bin at ambient temperature” in Zambia, Provitamin
A carotenoid levels dropped to about 50% within the first 30 d,
after which the content stabilized, although levels continued to
decrease slightly over time. There was litde difference berween
maize kernels stored shelled or on the ear (Mugode and others
2014}, Burt and others (2(10) found that the carotenoid content
of high-carotenoid maize lines storved in the dark av 25 °C re-
mained stable for the first 3 mo but declined significantly by 6 mo
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Table 1 -Mineral contents of maize and commeon maize products.

Mutrient content” 100 ¢°

USDA Catcium Loppert fron Magnesium Manganese Phosphorus Potassium Selenium Sodium Zinc
Maize product NDE no. {my} {mg} {mg) {ma} {mg} {mg} {mg} {mg} {ma} {my)}
Whole kernels
Yellow maize (dent), dry 20014 7 0.314 2.7 127 (3.485 210 287 155 35 2.2%
Yellow maize {sweet}, raw 11167 2 0.054 052 37 {163 38 270 (0.6 15 048
White maize, dry 20314 7/ 0.2i4 2.7 27 0.485 210 287 155 25 2.2
witied products
Flour, whole geain, yellow 20016 7 2.38 93 (146 272 315 15.4 5 173
Flour, degermed, yellow 20018 2 0.9 18 C.056 a0 40 3 | 8.37
fisur, whole grain, white 20216 7 2.38 93 046 272 315 15.4 5 .73
Flour, masa, white 20015 138 147 a3 0.376 231 252 10.5 5 1.8
Flour, masa, white, ensichegd 20017 1338 3. 93 0.376 231 262 105 5 1.8
figyr, whole-grain, blue 20215 5 174 Y 054 263 381 z.2 5 2.24
Cormmeal, degermed, yellow 20422 3 i1 32 (0174 9% 142 1.5 7 0.66
Com bran 20015 42 0.248 279 54 0.14 72 44 165 7 1.56
Processed products
Grits, yeliow 08160 2 0575 1 27 Q106 73 137 17 ] 04:
Hominy, canned, yellow 20330 10 .63 0.62 16 0.07 35 3 3 345 1.65
Yortillas 183563 91 0.154 123 72z 0326 314 186 6.1 45 1.3%
Tortilla chips, yellow 25028 4 0105 132 24 0.357 234 206 3.4 310 146
Chigs, corn-based, extruded 19003 138 4,101 1.2 72 0,333 154 144 7.8 14 1.29
Popped corn, yellow 19034 7 0.262 319 i44 IRRES 258 329 0 8 3.08
Kellogg's corn flakes 08020 5 0.198% 289 38 0.168 H 168 8.3 729 1
Recommended daily allowances?
Men 100G 0.30 3 265 2.3 760 4700 55 1500 1
Women® 1000 0.50 ig 420 1.8 700 4700 55 1500 8
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Table 2-Vitamin contents of maize and common maize products.

Mutrient content/ 100 ¢

HSDA Rivofiavin  Niacin  Pantothenic Fulate Vitamin D Vitamin £
Maize product NDS no. {mgy)} {my) {mg) {10} {xa} {mg}
Whole kernels
¥ellow malze {(dent), dry 2014 039 0.20 2.63 (.42 19 0 (.49
Yellow maize {sweet}, raw 11167 .16 0.06 1.77 072 42 0 007
White maize, dry 20314 .39 0.20 3.63 0.42 N/A 2 N/ A
witied products
Flour, whole grain, yellow 20016 G.25 0.08 1.90 0.66 25 4] 0.42
Flour, degermed, yellow 23018 007 0.6 2.68 0.05 48 O 015
Flour, whale grain, white 20218 825 Q.08 1.90 066 25 0 Q.42
Flour, masa, white 20010 3,22 010 1.63 018 28 0 012
Flour, masa, white, 20017 148 0.81 9.93 0.3 208 0 012
entiched
Flour, whole-grain, blue 20215 G158 0.23 2.60 055 N/A N N/A
Cornmeal, degermed, 204272 014 005 1.0¢ 0.24 3 O 0.2
yehow
{Zorn bran 20015 .01 0.10 2.74 (164 4 0 0 0.47
Processed products
Giits, yellow 03166 013 0.04 1.2G (.48 5 0 ¢ /4 /A
Hominy, canned, yellow 20330 0.00 0.01 .03 015 1 Q 9] 4] N/A
Tortilias 18363 .08 0.07 1.50 0.1 5 ¢ 0 0 0.28
Tortilla chips, yellow 25028 013 (.64 1.5G 041 22 O ¢ 0 187
{hips, corn-based, exiruded 18003 .05 0.08% .84 036 & 0 0 0 7.23
Papped comm, yellow 19034 ALY 008 2.31 051 3% G Q 0 0.29
Kellogg's com flakes (18020 1.34 1.52 17.90 023 357 5 21 3.8 0.12
Recommended daily
altowances®
Men 2 13 15 5 1.3 400 5 i5
Waomen® i i 14 5 1.3 430 5 1B
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Table 3~-Types of maize processing methods and examples of food products.

Processing method

Srief description

£xample products

Milling
Dy willing snd degermination

Wet milling tndustrial process which sepatates mal
constituent 1 ally
Traditional stone-geinding Retains some of the 1 maize ger
Heat Roiling, baking, roasting, deep-irying
Extrusion
Nixtamalization

Other traditionai methods: saaking,
germination, fermentation

fior may i

tion, mechanical separs
from ¢ dosperm for a highly

sure ndustrial process

2 solution, heated, soak
tterad 'hum Known as masa

involve one or moe of these methicds

tion and removal of bran and
able product
starch, protain, cif, and fi
old lavel

Quick grits, refined flowr

Starch, syrups, dextrose

It aai whole kamel

Whigle ma»

i, and rinsed,

Ogi, & fermented porridge eaten in
Nigeria

Sources: Athar and others {2008}, Bressani and @

Table 4-Carotenoid contents of maize and common maize producis.

mihardjo (2610}, and Stavin and cthers (20000,

Nutrient content /100 g ?

USBA  Vitamin A Retinol 8- Carotene «-Carotene g-Crypioxanthin Vitamin A Lyropene Lutein + Zeaxanthin
Maize product NDB no. BAE{gg)  {ug) (g {#g) {ny} {13 {18) {18)
Whoie kernels
Yellow maize {dent}, 20014 1 O g7 63 0 214 O 1355
dr
Yeiisi' maize 11167 g Q 47 G 1ih ¥ Q 844
{swaet), raw
White maize, dry 20314 & 0 NSA NAA N/A & NASA N/A
Milted products
Flour, whole grain, 20616 11 Q a7 63 [} 214 Q 1355
yellow
Floyr, degermed, 20018 11 0 97 a3 Q 214 0 1355
yellow
Flour, whole grain, 20316 G Q 1 8] } 3 ¢l 5
white
Flour, masa, white 20018 O 0 2 a 2 5 0 &
Flour, masa, white, 20817 G Q 2 0 2z 5 Q 6
anriched
fiou {, whole-grain, 20315 NSA N/ A NAA N/A NAA NAA N/ A N/ A
vlue
Cormmeal, degermed, 20427 i Q 97 63 [} 214 Q 1628
vellow
Corn bran 20015 4 o] 32 21 0 i 0 355
Processed products
Grits, yellow 08100 11 ¢ a7 63 O ) ¢ 1355
Hominy, canned, 20330 NAA [ NSA N/A N/A 10 NAA NAA
yelfow
Toriilias 18263 G Q i i 2 Q 3
Yortilla chips, 25028 8 0 24 50 57 58 0 198
yellow
Chins, comn-based, 19603 2 Q 20 P 41 3 Q
extruded
Popped corn, yeliow 190324 10 §] 8% 58 0 158 §] 1450
Kellogy's corn fakes (8020 430 481 83 34 0 1786 0 338

3 Sparce; USDA + avalable

RAE, retinat ac

e

of storage, with a total carotenoid loss of 35% to 40%, but then re-
mained stable up to 18 mo. Burt and others (2010) also Compared
drving 6 high-carotenoid maize lines at =80 (freeze-drying), 25,
or 90 °C; among all but one of the lines, freeze-drying retained
the most carotenoids initially, while maize dried at 25 or 90 °C
exhibited similar initial losses, During 4 mo of dark storage, there
was no further loss in the freeze-dried samples stored at —80 °C.
The maize lines originally dried at 25 or 90 °C were stored at
25 °C in the dark, and after 4 mo showed losses ranging from
24% ro 61%, with an inverse relationship between losses due o
drying and storage for each genotype: those strains that lost more
carotenoids during the drying process tended to lose less during
storage, and vice versa. The carotenoid profiles (that is, relatve

oi 24 ;g a-taratene and S-orypioxanthin estimated to yvialkd

fei3 vetinet for heslthy, vitamin A-adequate individusls.
amounts of each) of these lines were maintained throughout, while
total carotenoid losses occurred during drying and storage (Burt
and others 2010}, In summary, unless maize was freeze-dried, it
lost substantial quanuties of carotenoids during long-term storage.
Milling and soaking. As the majority of carotenoids in maize
are found in the endosperm, degermination has very little impact
on the guantity and, thus, maize meal and Hour contzin more
carotenoids than the bran and germ. Pillay and others (2014) found
a higher retention of provitamin A carotenoids in biofortified
maize meal (106% o 137%) compared with samp (broken maize
grain, 95% to 118%), but both had values similar to un-nulled
maize or slightly higher, perhaps due to the breakdown of the
maize kernel matrix. Li and others {2007) found soaking and wet
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milling of high-f-carotene maize kernels resulted in 7% to 9.5%
losses in er-carotene, f-carotene, and B-cryptoxanthin.

Boiling, baking, and extrusion. Pillay and others (2014) exam~
ined carotenoid retention among cooked porridges made from
provitamin A-biofortified maize. Phuru {a very thick porridge
made from boiling maize meal) and cooked samp retained 78%
to 118% proviamin A carotenoids {(89% to 129% of the unpro-
cessed maize), while a thin porridge retained only 63% to 71%
P-cryptoxanthin during cooking (76% to 92% that of unprocessed
maize) and 72% to 78% of the P~carotene (78% to 97% that of
unprocessed maze). Muzhingi and others (2008) found that both
thick and thin vellow muaize porridges retained, or even increased,
their carotenoid contents, with the exception of B-cryptoxanthin,
which decreased about 20% in the thin porridge. Li and others
(2007} examined the effects of fermentation on carotenoid re-
tention in high B-carotene maize porridge, and they found that
while fermentation prior to cooking reduced losses during cook~
ing, losses during fermentation made up for this resulting in similar
total carotenoid losses of about 25% from cooking aloue or fer-
menting and then cooking. Kean and others (2008), on the other
hand, found that maize meal porridge retained only 52% to 60% of
total carotenoids. Overall, maize porridge preparations retain 50%
to over 100% of initial carotenoids. Values greater than 100% may
be due to processing and cooking which increase bioaccessibility
during extraction procedures {(Tanumihardjo and others 2010).

There are different estimates of carotenoid retention for baked
maize products, with Muzhingi and others (2008) reporting 25%
to 50% retention of provitamin A carotenoids in baked corn
mufhins. Kean and others (2008), on the other hand, found that
baked corn bread retained 65% to 75% of initial carotenoids. Kean
and others (2008) analyzed extruded puffs made from maize meal
and found carotenoid retention between 56% and 65%. Lozano-
Alejo and others (2007) found that a little more than a third of
provitamin A carotenoids was lost from deep-fried maize snacks.
De La Parra and others {2007} found that deep-fried maize chips
made from white or yellow maize had very low retention of
provitamin A carotenoids (0% to 6%}, while chips made from
high-carotenoid nwize retained about 20%. Thus, while maize
porridge retains half to all its carotenoids, other heat treatments,
such as baking, frying, and extrusion, have wide variation and,
depending on the method used, may result in alimost 0% to 75%
retention.

Scott and Eldridge (2005} examined losses of carotenoids
from canned and frozen maize. Canned yellow maize heated to
126.7 °C for 12 min suffered 62% losses of ¢ ~carotene, but changes
to the contents of other provitamin A carotenoids were not signif-
icant. Maize processed to be sold frozen is also subjected to heat
treatmient. In the same study, yellow nuize kernels were steam-
blanched at 87.8 to 93.3 °C for about 3 min and then quickly
frozen at temperatures of —17.8 to —23.3 °C. The resulting provi-
tamin A content was similar to fresh maize, with the exception
of w-carotene content which decreased by about 42% (Scott and
Eldridge 2005).

Nixtamalization. Nixtamalization is often employed in Ladn
America for the preparation of tortillas. During this process, maize
(including germ and endosperm) is cooked and then soaked in an
alkaline hime solunon (usually calcium hydroxide), thereby break-
ing down the pericarp (Serna-Saldivar and others 1993}, The
resulting mixture, “nixtamal,” 15 then washed and ground mto a
dough called “masa” (Bressani and others 1938). The effect of
nixtamalization on carotenoid content varies and may depend on
what methods are used during procesang. De La Parra and others
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Figure 2-Polyphenols that are commonly guantited in purple, biue, ot red
maize include 7 anthocyanins {Collison and others 2015}, The basic
anthocyanin backbone is called cyanidin that contains the Circled
hydroxyi group. The circled functional group is not present in pelargorddin
or it is methylated in peonidin. The R group can be various glycosides and
inciude cyanidin-3-glucoside, pelargonidin-3-gluceside,
cyanidin-3-{3-malonyiglucaside}, peonidin-3-ghucoside,
cyanidin-3-{6-malonylgluceside}, pelargonidin-3-malonyiglucoside, and
peonidin-3-maionyigiuceside,

{2007} found that the nixtamalization process significantly reduced
levels of B-cryproxanthin (84%) and f-carotene (38%), and fur-
ther decreases occurred during additional processing into tortillas.
Fried rortilla chips had effectively no provitamin A carotenoids re-
maining. Gutiérrez-Uribe and others (20143, on the other hand,
found that the nixtamalizadon process released carotenoids from
the kernels, yielding 100-fold higher S-carotene levels in the re-
sulting masa; however, the subsequent processing of masa into
tortillas brought carotenoid levels back down to the same level as
the whole kernel content.

Anthocyanins and other polyphenols

Diafferent strams of maize contain varying amounts of antioxi-
dant polyphenols. For example, colored maize strains contain high
quantities of anthocyanins which confer deep pigmentation, such
as blue, purple, and red, compared with white or yellow maize that
has minimal quantities (e La Parra and others 2007; Zilié and
others 2012}, The maost common anthocyanins in colored maize
are cyanidins, perlargonidins, and peonidins (Figure 2) (Abdel-Aal
and others 2006}, which are found in the pericarp and alevrone
layer of the maize endosperm {Escalante-Aburte and others 2013).
Antioxidant capacity is not always directly related to total antho-
cyanin and polyphenol contents. For example, varieties of Mexi-
can blue maize and American blue maize were found to contain
similar amounts of anthocyanins, but the Amterican strain con-
tained higher levels of other polyphencls; however., despite this.
the Mexican blue maize exhibited a higher antioxidant capacity
{Del Pozo-Insfran and others 2006).

Total polyphenol and anthocyanin contents of whole and pro-
cessed maize are shown in Table 5. Generally, thermal processing
decreases phenolic content of foods; however, that decline may be
due to leaching of water-soluble polyphenols into brine or syrup.
Canned sweetcorn was found to have only 3% loss of phenolic
content (Dewanto and others 2002). During processing of maize
into tortllas and chips, often nixtamalization is employed that
causes changes to the structure, chemical composition, and nutri-
tonal value of the resuldng product (Bressani and others 1958},




Case No.:

Table 2-Polyphenol and anthocyanin contents of whole and processed blue
maize.

Polyphenals Anthocyanins
Biue mg gatlic mg cyanidin
maize acid/ 100 g 3-glucoside/ 100 g
praduct Mean & 50 Mear & SD
Whoie kernels 3687 £ 0 7‘ a
Bry Hour 9“ 543

34 3
Masa it 263 &+

i 78 &
Tortillas 1 .81 & 017

2z 86 4 2.8¢
Chips i 3.28 4 03
Sources:

Preparation of tortdllas and chips from blue maize results in over-
al pelyphenol losses, with the nixtamalization process having the
most detrimental effect. Masa made through tradinonal nixtamal-
ization can lose 54% to 66% of polyphenols (Del Pozo-lnstran and
others 2006).

Blue maize contains bound and free polyphenols. Bound phe-
nolics ave the primary contributors to antioxidant activity in blue
maize (>8(%}); however, these decrease by about 75% after nixra-
m;}llzanon, while free phenolic antioxidant activity increases after
lime-cooking and processing into tortillas and chips (De La Parra
and others 2007). Further processing can decrease polyphenol
content, but nixtamalization has the largest impact on losses. One
study found that proceﬁsinv blue maize mto tortillas and chips
resulted in 75% and 81% losses of polyphenols, respectively {Del
Pozo-Insfran and others 2006). However, the effects of traditional
nixtamalization can be mitigated through an acidification treat-
ment Adding 0.2 g fumaric acid/100 g dry maize {reducing pH
to 5.2} resulted in a 10% reduction poiypheno{ losses in masa
made by traditional nixtamalization (Del Pozo-Insfran and others
2006).

Up to 100% of anthocyanins in blue maize can be lost during
nixtamalization, mainly by leaching into the lime solution, bur
different methods of nixtamalization can lead to higher retention
of anthocyanins {Del Pozo-Insfran and others 2006; De La Parra
and others 2007; Escalante-Aburto and others 2013). The pH
is an mmportant factor because it influences structural changes of
anthocyanins during nixtamalization. One study found that nix-
tamalization of blue maize reduced anthocyanin content by 82%;
however, when cooked without calcium hydroxide, anthocyanin
toss was half of traditional nixtamalization, with 42% loss compared
with dry maize flour (Cortés and others 2006). While nixtamal-
ization causes most of the anthocyanin losses, additional processing
steps can further reduce their content. Del Pozo-Insftan and others
(2006) found anthocyanin losses were 37%, 54%, and 75% from
nixtamal, tortillas, and chips, respectively; however, with acidifi-
cation treatment, these losses were reduced to 9%, 11%, and 17%,
respectively. In addition to nixtamalization, extrusion and heat
wreatment can reduce anthocyanin content of maize. Extrusion
lowers anthocyanin content of blue maize by about 57% (Mora-
Rochin and others 2010). Extracts of purple maize heated to 98 °C
showed high degradation of anthocyanin content {Cevallos-Casals
and Cisneros-Zevallos 2004},

B vitamins

Maize contains the B vitamins thiamin, riboflavin, niacin, pan-
tothenic acid, B, folate, and biotin, but not Biz which is typi-
cally obtained from animal foods. These water-soluble vitamins are
found in the maize endosperm and germ, with the highest con-
centranon in the aleurone layer (Nuss and Tanummhardjo 2010).
Differing amounts are present depending ou the type of maize.
The amounts of these nutrients found in maize and common
maize products and the RIDAs for adults are shown in Table 2.
However, many of the B vitamins are present in a bound form in
herefore resulting in hmited bioavailability (Hegedits and
others 1985). Processing may increase or decrease quantity and
bicavailability of the B vitarnins in maize.

Vitamin B; {thiamin). Whole grain yellow and white maize
varieties contain 0.39 mg thiamin/100 g. The RIDA for thiamin set
by the {OM is 1.2 mg/d for adult men and 1.1 mg/d for women.
Processed maize products contain less than Wl ole grains; however,
bioavailability of thiamin increases with processing, Utilization
of thiamin from maize bran seems to increase with dry milling,
but not wet milling, and fine particle size compared with coarse
particle size, with size being more of a factor for wet-milled than
dry-milled maize bran (Yu and Kies 1993). Extrusion reduces
thiamin content of degermed maize grits by over 50% (Athar and
others 2006). A study in Guatemala found that the nixtamalization
process used in preparation of tortillas resulted in a loss of 60% and
65% of thiamin in white and yellow maize masa, respectively,
compared with dry maize (Bressani and others 1938). Most of
these losses were from the maize germ.

Vitamin B, {riboflavin}. Whole vellow and white maize vari-
eties contain 0.2 mg riboflavin/100 g, which 1s 15% of the RDA
for adult men (1.3 mg) and 18% for women (1.1 mg)}. Processed
matze tends to have less riboflavin, with non-enriched maize Aours
containming between 0.08 and 0.1 mg. Blue muaize Hour, however,
has more riboflavin (that is, 0.23 mg/100 g) than whole yellow
and white maize. Riboflavin is fairly evenly distributed in the
maize kernel; thus milling results in lower loss of riboflavin com-
pared with other B vitamins. Degermed maize loses a little over
50% of riboflavin content during processing {Hegediis and others
1985). The production of maize masa was found to reduce levels

of riboflavin 529

% and 32% 1n white and yellow maize, respec-
tively {Bressani and others 1958). Fermentation and germination
{sprouting) of maize can increase its nutritive value. One study
showed that maize fermented after germination had significandy
higher levels of riboflavin (Lay and Fields 1981). Extrusion reduces
riboflavin content of degermed maize grits by about 16% (Athar
and others 2006).

Vitamin B; (niacin). Dry maize contains about 3.6
niacin/ 100 g The RDA is 16 mg for men and 14 mg for women.
Most of the niacin in maize 1s found in the aleurone, germ, and en-
dosperm (Heathcote and others 1952). However, niacin 1s bound
in maize, making it less available for absorption during digestion,
that is, only about 0.4 g niacin/g maize is found as free nicounic
acid or nicotinamide (Wall and Carpenter 1988). Processing of
maize may reduce total niacin but can also release bound niacin,
making it more bicavailable. One study showed that maize fer-
mented after germination had significantly higher levels of niacin
(Lay and Fields 1981). Roasung maize can release bound niacin
{Kodicek and others 1974). Nixtamalization reduces wotal lev~
els of macin by about 30% in white and vellow varieties (Bres-
sani and others 1938), but the remaining niacin becomes more
bicavailable (Kodicek and others 1956). Extrusion reduces niacin
content of degermed maize grits by 25% (Athar and others 2006).

maze,

mg
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Dry-milling of maize increases bioavailability of niacin, while wet-
milling decreases it {Yu and Kies 1993},

Pellagra is a deficiency disease resulting from inadequate dietary
niacin and/or tryptophan (Prinzo 2000). Maize is low in both
of these nutrients, putting populations dependent on maize for
the majority of their calories at high risk of pellagra. Pellagra as
related to maize was first documented over 250 v ago mn Europe
after maize was introduced from the Americas; however, there
was very Hitle pellagra documented in the populations of Central
America despite high consumption of maize (Prinzo 2000}, It was
hypothesized, and subsequently confirmed, that this was due to
the mcreased ndacin bioavailabihity from traditional nixtamalization
(Laguna and Carpenter 1951; Kodicek and others 1956; Harper
and others 1958). Furthermore, typical maize is also deficient in
tryptophan, which can spare niacin deficiency due to conversion
of tryptophan to niacin, which is why other cereals low in niacin
do not have the same pellagragenic effect as maize (Goldsmith and
others 1961; Prinzo 2000).

Vitamin Bs; {pantothenic acid). Dry maize contains 0.42 mg
pantothenic acid/100 g about 8% of the adult RDA {5 mg/d)
{Otten and others 2006; USDA 2011). The amount of pantothemc
acid increases in whele-grain maize flour to 0.66 mg/100 g, and
grits and popcorn contain slightly more than dry maize at ap-
proximately 0.5 mg/100 g, while other forms of processed maize
contain less pantothenic acid than dry maize. Pantothenic acid uti-
hzation is higher in dry-milled or finely ground maize compared
with wet-milled or coarse-ground maize {Yu and Kies 1993).

VitaminBs. Vitamin B, is present in food in free or bound forms
of pyridoxine, pyridoxal, and pyridoxamine. In maize, more than
half of its By, content occurs as pyridoxal (Roth-Maier and others
2002). Dry maize contains 0.62 mg vitamin B/100 g, almost half
of the RDA for adults (1.3 mg). This amount decreasesin processed
maize. Prececal digestibility of B from maize was found to be 67%
in pigs {Roth-Maier and others 2002); however, B, in maize bran
may be unavailable to humans (Kies and others 1984). Exousion
has httle effect on pyridoxine content of degermed maize grits
(Athar and others 2006).

Vitamin B; (biotin). Biotn content is not available from the
USDA nutrient database. Animal studies have found that the bi-
otin content of finely ground maize 13 0.04 t0 0.11 mg/kg (Ander-
son and others 197&), with high bicavailability estimated at 100%
(Frigg 1976). Furthermore, microbiological assays determined the
contents to be 7.3 pg/100 g in whole-grain maize flour and
1.4 11g/ 100 g in degermed maize flour. Accordingly. 100 g whole-
grain flour provides about 4.1 to 10.8 ug of biotn, or 14% to
36% of the RDA (30 ptg), with degermed flour providing only
1.4 (g/100 g, about 5% of the RDA.

Vitamin B (folate). Dry maitze contains little folate, about
19 1g/100 g The RDA for folate is 400 pg for nonpregnant,
nonlactating females, and for male adudts. Whole grain maize flour
contains 28 pg/100 g, which is reduced by 64% to 10 pg/100 g
after degerming {Hegediis and others 1985). Populations consum-
ing maize as a staple may have higher rates of neural tube defect.
This may explain, in part, why Hispamic populations 1n the United
States have a higher rate of neural tube defects because they are
not consuming as much folic acid from fortfied wheat products
(CDC 2010). Fortification of maize flour masa is a potential solu-
tion. One study moedeled the effects of folic acid fortification on
maize masa flour consumption, and this would increase Mexican
Americans’ folic acid mtake by 22% from the fortificant (Hamner
and Tinker 2014). There is little research on the effect of processing
on folate content of maize, bur in a study of spinach and broceol,

boiling resulted in folate retention of 49% and 44%, respecuvely,
but steamning resulted in no significant decreases (McKillop and
others 2002).

Calcium
The RDA for calcium is 1000 mg/d for adults aged 19 to 50 y
{Otten and others 2006). Whole, dry maize is very low in calcium,
containing only 7 mg/100 g (USDA 2011), with a higher con-
entration in the germ compared with the endosperm {Bressani
and others 2004). Therefore, maize iself is not a good source of
calcium. However, the nixtamalization process actually increases
calcium content of maize {Mendoza and others 1998); one study
found an average increased calchum content of several maize vari-
eties to 170 mg/100 g, about an 18-fold mcrease from dry maize
{Bressani and others 2002). Another study found a highly signifi-
cant increase in calcium content associated with cooking, soaking,
and soaking time of maize in lime water {calcium hydroxide solu-
ton). Furthermore, lime-soaking increased calcium concomitant
with alkalinity increases (Bressani and others 2004). Thus, nix-
tamalized maize products can be a major source of calcium in
populations consuming high amounts of these products, such asin
Mexican and Central American diets (Bressani and others 2004;
Hambidge and others 2005}, meeting up to 78% of daly calcium
requirements in Guatemalan women (Krause and others 1992},

Vitamin C

The RDA for vitamin C is 75 and 90 mg/d for women and
men, respectively Most sources indicate that processed maize does
not contain detectable amounts of vitamin C {(Saldana and Brown
1984; USDA 2011). However, raw sweetcorn has a content of 6.8
mg/ 100 g according to USDA {2011}, and Dewanto and others
{2002} found that raw sweet corn had a vitamin C content of (.24
=4 0.02 pmol vitamin C/g corn; duration of heating and increased
temperature had negative associations with vitamin C content.
Canned sweetcorn 13 normally processed at 115 °C for 25 min,
conditions which Dewanto and others (2002) found decreased
vitamin C content by 253%. Interestingly, while vitamin C content
decreased, total antioxidant activity increased with longer heating
and higher temperatures, likely due to freeing of bound phenolics
and ferulic acid.

.
73

Copper

The RDA for copper 13 900 ptg/d for adults 19 to 30 y of
age {Otten and others 2006). Whole, dry maize contains 314
#7100 g (USDA 2011). Maize is an important source of dietary
copper in some populations; for example, one study found that
Guatemalan women consumed an average of 880 jtg copper from
maize tortillas (Krause and others 1992). The effects of processing
on copper content of maize have not been well-studied. Whole-
grain maize products, such as popcorn and whole-grain flour, seem
to retain berween 60% and 80% of copper, while hominy, grits, and
degermed cornmeal may retain only 10% to 24% (USDA 2011).
Interestingly, phytic acid may not affect copper bioavailability to
the same extent as it does iron, zinc, and other metals found in
maize (Lonnerdal 2002).

Vitamin E

Vitamin E describes 8 fat-soluble compounds with a-

tocopherol activity, grouped as tocopherols and tocotrienols,
which serve as antioxidants (Rocheford and others 2002). The
RDA for vitamin E {d-a-tocopherol) is 15 mg/d for adult men
and wonen (nonpregnant, nonlctating) (Otten and others 2006).
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Dry maize contains about 0.5 to 1.5 mg d-w-tocopherol/100 g
{Herdng and Drury 1969; USDA 2011). Presence of tocopherals
can vary by genotype, but the majority of the tocopherols in the
maize kernel are found in the germ along with most of the stored
oil which contains 70% to 86%, while the endosperm contains
11% to 27% (Rocheford and others 2002},

Tocopherols include o, 8, 8, and v, with @ and ¥ as the pre-
dominant forms in maize (Kurilich and Juvik 1999). Kurilich
and others (1999} found that total tocopherol content averaged
301 pglg dry weight among 44 maize varieties, with y-
tocopherol most predominant at two-thirds of total rocopherol,
«a-tocopherol naking up 27%, and S-tocopherol only 4%. o~
Tocotrienol and y-tocotrienol are alo found in maize, but in
smaller quantities; y-tocotrienol ranges from 2% to 28% of total
tocol concentration and «-tocotrienol ranges from 4% to 21%
{(Weber 1984; Rocheford and others 2002},

Generally, processing of maize decreases vitamin E content, in
part due to reduction in lipid content. Herting and Drury (1969)
found a-tocophero] losses among processed maize products was
very high, ranging from 35% loss for white maize meal to 73% to
98% for yellow maize in the form of meal, grits, and flakes or when
puffed or shredded. Extrusion led to decreases in tocopherols and
tocotrienols of 63% to 94% among other grains {including wheat,
batley, rve, and oats) {Zielinski and others 2001). Crude maize
oil contains about 210 myg vitamin E/100 g, which is decreased
by more than half during the refining process (Ferrari and others
1996). During storage, about a third of vitamin E can be lost (Hert-
ing and Drury 1969), but, interestingly. the phytic acid in maize
provides protection to the kernel from the pro-oxidant effects of
the metals present, and it may also prevent damage to DNA and
loss of lipids, particularly y-tocopherol (Doria and others 20609},

lron

The RDA for iron is 8 mg/d for men and 18 mg/d for non-
pregnant, nonlactating women. Dry maize contains abour 2.7 mg
nonheme iron/100 g. The endosperm contains the majority of
the iron in the kernel; Bressani and others (2002}, for example,
found that the endosperm contains 76% of kernel iron while the
germ contains about 18%.

Nixtamalization may slightly decrease levels of iron in whole
nmaize; however, these decreases were found mainly to be in the
endosperm, while germ ron content actually increased, although
these differences were not significant (Bressani and others 2002},
Bressani and others (2004) showed that iron content of whole
maize kernels was not affected by alkalinity of lime solution during
nixtamalization, cooking, or cooking time. Furthermore, cooking
maize in lime solution or water did not affect levels; however,
steeping time was associated with a significant decrease in iron
(Bressani and others 2004). Relatively high amounts of calcum
may also 1hibit iron bioavailability (Platt and Clydesdale 1987);
therefore, soaking cooked muaize in water may be preferred if
ron absorption is the priority, because calcinm levels are lower in
water-soaked maize compared with alkaline~soaked maize (Bres-
sani and others 2004). Extruded maize products can have higher
iron levels with about one-third loss, which could be due, m part,
to iron “contamination” added from extrusion machines during
processing (Hazell and fohnsoun 1989).

Iron is bound by phytic acid, a known inhibitor of iron absorp-
tion, which highly reduces bioavailability from maize (Gillooly
and others 1983; Hallberg and others 1987). Metheds that reduce
phytic acid will improve iron bioavailability in processed maize
products {(Mendoza and others 1998; Hambidge and others 2005},

Removal of bran and germ results in about equal losses of phytic
acid and iron, that is, about one-third to quarters (Hazell and
Johnson 198%; Proulx and Reddy 2007). Soaking alone may not
decrease phytic acid levels enough to improve iron absorption {Egh
and others 2002). However, addition of lactic acid to unfermented
maize products (that is, tortillas, arepa. and porridge) was found to
increase iron bicavailability (in vitro), perhaps due to the mmproved
solubility in the increased acidity (Proulx and Reddy 2007). Fer-
mentation can reduce phytc acid levels more than cooking (66%
compared to 16 to 17%) (Marfo and others 1990). Furthermore,
Svanberg and others (1991) found that soaking maize flour for 24
to 48 h prior to fermentation resulted in almost a 96% reduction
in phytic acid. When the researchers examined the percent of sol-
uble iron in maize gruel, fermenting and soaking increased soluble
on from about 4% to 6%%;
or fermentation plus 10 myg phytase resulted in about 9% soluble
irom, but fermentation in combination with the addidon of 50 mg
phytase resulted in a 99% reduction of phytic acid and a 43% in-
crease in soluble iron. The nixtamalization process reduces phytic
acid by about 20%, enough to potenually improve iron absorption
{Bressamt and others 2004).

fermentation with germinated flour

Vitamin K

The RDA for vimmin XK, (phylloquinone) is 120 pg/d
for men and 90 wpg/d for nonpregnant, nonlactating women
{Otten and others 2006). Maize contains little phylloquinone,
about 0.3 g/ 100 g (USDA 2011). As a fas-soluble vitamin, the
vitamin K content of maize oil is higher, at about 2.9 pg/100 g;
this amount is low when compared with other oils such as rape-
sced and soybean oils that contain >140 pg/100 g (Ferdand and
Sadowski 1992},

Vitamin K in maize oil 15 stable during processing; although it
decreases by about 15% with heat and can be rapidly destroyed
by light exposure (Ferland and Sadowski 1992}, Processed maize
foaods, such as corn bread, grits, torullas, and tamales, show no de-
tectable quantities of phylloquinone, with the exception of pop-
corn, which has 1 to 4 £1g/100 g (Ferreira and others 2006; USDA
2011; Centi and others 2015). Fried maize snacks, such as corn
and tordllas chips, have 6.3 to 20.9 pg vitamin K/100 g, but chis
content is mainly due to the oilin which they are fried (Weizmann
and others 2004}, Taco shells were found to have 8.6 pg vitamin
K/100 g, but this was due to the addition of hydrogenated oils
during processing (Ferreira and others 2006). Hydrogenation of
plant oils containing vitamin K causes the transformation of phyl-
loquinone to dihydrophylloquinone (Davidson and others 1996},
which dees not occur naturally. Decreasing use of hydrogenated
oils in the U.S, since 2006, when the Food and Drug Association
began to require reans-fat labeling, has generally resulted in slight
decreases in dihydrophylloquinone in processed maize foods, but
no increases in phylloguinine content {Centi and others 2015).

Magnesium

Maize contains about 127 mg magnesium/ 100 g whole kernels
{USDA 2011). The RDAs for magnesum are 265 and 420 mg
for men and women, respectively {Otten and others 2006). Mag-
nesium content of maize tends to decrease with milling when
the germ is removed. Degermed flour contains 18 mg mag-
nestum/100 g, while whole-grain maize flour retains 93 mg/
100 ¢

Magnesium has been studied less than iron and zinc in the
context of phytic acid, but it does form phytate complexes that
inhibit absorption (Bohn and others 2004). One study showed
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magnesium  content increased slightly, but significantly, after
nixtamalizadon and preparation into dough and rorullas, from
165 mg/100 g unprocessed maize to 180 mg/ 100 ¢ in dough and
tortillas (Mendoza and others 1998). The authors offered other
reasons for the increase in magnesium in the dough and rortiflas as
contamination from the soaking solution or wansfer from grinding
equipment and cooking pans.

Manganese

Manganese content of whole dry maize is about 0.49 mg/
100 g. The RDAs for manganese are 2.3 and 1.8 mg/d for men
and women, respectively (Otten and others 2006). Manganese
content decreases with maize processing, especially with removal
of the germ. Degermed maize flour contains only (.06 mg man-
ganese/100 g, whereas whole-grain maize four contains 0.46 mg
(USDA 2011). As with other metal minerals, reduction in phytic
acid may also modestly improve absorption of manganese (Davids-
son and others 1995; Lonnerdal 2002) as observed with soy for-
mula, but this has not been well-studied in the context of maize
and maize products.

Phosphorus

The adult RDA 15 700 mg/d for phosphorus (Otten and others
2006). The phosphorus content of maize is around 210 mg/100 g,
found mainly as phytic acid (FAQ 1992). About 90% of the phytc
acid in nwize is found in the germ, while the remaining 10%
occurs in the aleurone layer (Raboy and others 1990). Phytic acid
chelates and reduces the bioavailability of iron and other nutrients
{Gillooly and others 1983; Niavert and others 1985; Hallberg and
others 1987}, Thus, processing methods that reduce phytic acid
will improve bicavailability of these nutrients in nwize products
{Mendoza and others 1998; Hambidge and others 2005).

Phytic acid can be reduced by one-quarter to one-third by
physical removal of the maize bran and germ (Proulx and Reddy
2007). Different heat treatments of fresh and dried maize reduce
phytic acid content; for example, one study found that boiling
maize reduced phytic acid by 1895, while roasting maize decreased
it by 24% to 53% {(Khan and others 1991}, The nixtamalization
process reduces phytic acid by about 20% (Bressani and others
2004).

Soaking can activate endogenous phytase activity in many cere~
als, which decreases phytic acid; however, maize has low phytase
activity and one study found that soaking whole maize for 16 b
did not have an appreciable effect on phytic acid content (Egh
and others 2002). On the other hand, soaking of unrefined white
maize flour for at least 2 h did decrease phytic acid in another
study, with a resulting 71% and 43% retention of zinc and phytic
acid, respectively, with no further reduction for longer soaking
times (Hotz and Gibson 2001).

During germination or fermentation of maize, phytase activity
increases considerably. After 72 h of germination, phytase activity
increased almost 6-fold and phytic acid levels decreased to 65% of
the initial content (Egli and others 2002}, Lactic acid fermentation
of maize flour resulted in reduction of phytic acid to 88%, and even
lower levels of phytic acid remained when using a starter culture
(614} or germinated flour (71%) (Hotz and Gibson 2001). These
strategies can be combined for greater phytic acid reducuon. For
example, soaking maize flour with germinated flour for 24 to
48 h and adding a starter culture to facilitate fermentation or
adding phytase can replace soaking and further reduce phytic acid
(Svanberg and others 1991; Gibson and Ferguson 1998). Another
study also found that soaking for 24 to 48 h prior to fermentaton

resulted in almost 96% reduction in phyuc acid (Svanberg and
others 1991).

Although phytic acid reduces the bicavailability of some nutri-
ents, it also serves as an antioxidant (Graf and Eaton 1990}, The
phytic acid in maize provides protection to the kernel from the
pro-oxidant effects of the metals present, and may also prevent
damage to DNA and loss of hipids, particularly y-tocopherol, dur-
ing storage {Doria and others 2009). A low-phytic acid strain of
nuize was found to have double the level of free radicals com-
pared with a wild~type strain after aging (Doria and others 2009).
Thus, if lower levels of phyuc acid are desired for the purpose
of enhanced nutritive metal absorption, it may be mmportant to
consider the impact of low-phytic acid strains versus methods to
reduce phytic acid in normal maize during processing.

Potassium

White and yellow maize contains 287 mg potassium/ 100 g, or
about 6% of the RDA, which is 4700 mg/d for adults (Otten and
others 2006). There is liited research on the effects of processing
on potassium content in maize. According to the USDA Nu-
trient Database, whole-grain maize flour contains slightly higher
amounts, at 315 mg potassium/ 100 g, while degermed flour con-
tains only 90 mg/100g (USDA 2011). Further-processed maize
products, such as tortillas, extruded chips, and flakes, contain 186,
144, and 168 g/100 g, respectively (USDA 2011},

Selenium

Whole-grain maize is a good source of selemium, containing
about 15.5 pg/100 g (USDA 2011), which provides almost a
third of the adult RDA for selenium at 55 pg/d (Otten and others
2006). Yellow maize has slightly higher quantties of selenium than
white maize (Ferretti and Levander 1974). However, blue maize
contains much less selenium compared with yellow or white maize,
at 2.2 pg/100 g whole-grain flour (USDA 2011).

While whole-grain maize flour retains most of the selenmum
content, processing of maize into degermed flour or cornmeal
reduces selenium content by 10% to 32% (Ferrettd and Levan-
der 1974; USDA 2011). Selenium content is further reduced by
processing maize into tortillas or extruded corn chips, with losses
of 51% to 61% (USDA 2011). In the case of sugared corn flake
cereal, selenium losses of 40% to 46% occur, with some of the loss
due to dilution of nutrient content by the added sugar (Ferretti
and Levander 1974). However, due to the high content of sele-
nium in whole vellow and white maize, processed products, such
as degermed flour, chips, and flakes, stll retain 15% of the RDA
for seleninm in 100 g,

Sodium

The RDA for sodium is 1500 mg/d for adults (Otten and oth-
ers 2006). Maize 13 naturally very low in sodium, containing
35 mg/100 g. The sodium content of maize four and grits is
slightly lower per 100 g. However, many maize food products ac-
quire sedium during processing, such as sodium hydroxide added
to tortillas and hominy. Salt is often added for palatability reasons
such that the sodium content 13 increased cousiderably especially
in snack foods. Hominy, tortilla chips, and corn flakes contain
between 310 and 729 mg sodium/ 100 g (USDA 2011).

KXanthophyll carotenoids: Lutein and zeaxanthin

Two additional carotencids common in typical maize, lutein
and zeaxanthin, have no vitamin A activity, but they have been
associated with other health benefits including lowered risk of
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macular degeneration and cataracts; there is no RIDA butintakes of
10 to 20 mg/d of lutein have been recommended (Vishwanathan
and Johnson 2013). In yvellow maize, lutein and zeaxanthin make
up 70% or more of the total carotenoid content (Kean and others
2008). Yellow maize is likely the highest source of zeaxanthin in
the human diet.

The effects of processing on the xanthophylis can difter from that
of the provitamin A carotenoids. Unlike provitamin A carotenoids,
soaking and wet-milling do not resul in significant losses of hutein
or zeaxanthin (Li and others 2007}. While heat treatment of maize
will isomerize some lutein and zeaxanthin from all~frans into ds
isomers, the total xanthophyll content may increase shighdy; for
example, canmed maize had a 5% 1ncrease in lutein compared with
fresh maize (Updike and Schwartz 2003). Pillay and others (2014)
found a higher retention of zeaxanthin in maize meal (116% to
136%) compared with raw samp (91% to 112%;
of provitamin A biofortified maize, and preparation of phuin or
samp porridges from these products resulted in overall retention of
zeaxanthin close to or stightly higher than that of the unprocessed
maize (102% to 118%). A thin porridge contained only 78% to
88% that of the initdal zeaxanthin content (Pillay and others 2011 4).
Kean and others {2008) found that vellow maize meal into bread,
porridge, or extruded puffs had lutein and zeaxanthin losses of 29%
to 50%. Canned vellow maize heated to 126.7 °C for 12 min had
slight, nonsignificant increases in lutein and zeaxanthin (2% to 3%)
{Scott and Eldridge 2005). In preparation for commercial freezing,
yellow maize kernels were steam-blanched at 87.8 o 93.3 °C
for about 3 min and then quickly frozen at temperatures of —17.8
°C te —23.3 °C. Lutein content increased by about 9% while
zeaxanthin content increased by 2% (Scott and Eldridge 2005).

The effect of nixtamalizadon on the xanthophylls varies de-
pending on the methods used. De La Parra and others (2007}
found that only abount one-third of ininal Iutein and zeaxanthin
content remained in masa, with further decreases in tortillas and
chips. Conversely, Gutiérrez-Uribe and others (2014) found that
the nixtamalization process vielded 10-fold higher lutein and zeax-
anthin in the masa; however, the levels 1n the torullas made from
this masa were very similar to those of the original whole kernel.

among varieties

Zinc

The RDA for zinc is 8 mg/d for nonpregnant, nonlactating
adult women and 11 mg/d for men (Otten and others 2006).
Dry vellow and white maize contain a little over 2 mg zinc/100 g
(USDA 2011}, the majority of which is found in the germ (Bressani
and others 2082). The zinc content of whole maize and common
maize produacts is shown in Table 1. However, maize also contains
about 1 g phynce acid/100 ¢, concentrated in the germ, which
forms insoluble complexes with zine, reducing its bioavailability
(N#ivert and others 1985; Hidvégi and Laszuty 2002). One ap-
proach to enhance zinc absorption is the reduction of phytic acid
content (Kivistd and others 1989), which can be accomplished
through a variety of methods (described in section on phospho-
rus). Zinc absorption is also influenced by other nutrients found
in maize and the rest of the diet.

Milling. Refined milling of maize removes the germ leaving
mainly the starchy endosperm. This process removes many nu-
trients including zing; thus, degermed maize contains only about
20% of the zinc content of whole maize {Pedersen and Eggum
1983). Gannon and others (2014) found that the zinc content of
refined {germ and pericarp removed) white and orange maize had
21% and 30% of the zinc as that in the whole grain. On the other
hand, removal of the germ reduces phytic acid, decreasing the

phytate:zine molar ratio, which enhances the bioavailability of the
remaining zinc (Pedersen and Eggum 1983},

Thermat processing and extrusion. Heat-treated corn products
can be subject to the Maillard reaction, evidenced by “brown-
ing,” which can bind zinc, making it less bioavailable. Lykken and
others (1986) compared the absorption of zinc from comnflakes
{browned) and corn grits, finding higher zinc absorption from the
grits, which they atwibuted to the Maillard reaction occurring in
the cornflakes. The high heat and pressure of extrusion process-
ing are unlikely to affect the content of zinc in maize, but they
may reduce phytic acid and thus improve zine availability {Singh
and others 2007}; however, Kivisto and others (1989} found that
the extrusion process actually caused a decrease in zinc absorption
in an extruded wheat bran product, but was ameliorated when
phytate was removed before extrusion. Further work is needed to
determine the effect of extrusion on phytic acid and zinc avail-
ability in maize products.

Soaking, germination, and fermentation. These methods can be
used to reduce phytic acid and enhance zinc bioavailability. For
example, soaking of unrefined maize four for at least 2 h resulted
in a 29% loss of zinc and 57% loss of phytic acid (Hotz and Gibson
2001}, Germination and fermentation can increase phytase activity
further than soaking alone (Svanberg and others 1991; Gibson and
Ferguson 1998; Egh and others 2002). Combining these strategies
may reduce phytic acid and further enhance zinc bicavailability.

Nixtamalization. Phytic acid is decreased during the nixtamal-
izaton process, which may improve the bioavailability of zinc,
but there is no considerable increase in zine itself in nixtamalized
maize (Bressani and others 2002). Altering the amount of lime and
length of cooking dme can affect phytic acid levels. Bressani and
others {2004) found the highest losses of phytic acid using 1.2%
lime and 75 min cooking ume, while zinc content was unchanged.
Changes to the steeping time and the solution (alkaline cooking
liquid versus water} also affected phytic acid; after cooking in lime,
phytic acid was reduced 22%, and steeping for up to 8 h in either
an alkaline or water medium reduced phytic acid further to a total
of 28% to 29% losses from dry maize. Steeping for over 5 h resulted
in small but statisdcally significant losses of zinc.

Nutrients that influence zinc absorption. Fiber, protein, cal-
civm, and iron are all known to influence zinc absorption. Fiber
has been implicated in poor zinc absorption, but this may be due
more to the concomitant accurrence of phytic acid in high-fiber
foods, and studies have shown that fiber actually has Hede inde-
pendent effect on zinc absorption (Lonnerdal 2000). Generally,
higher protein intakes modestly augment zine absorption (Miller
and others 2013}, and animal protein, even in small quantities,
can improve zine absorption during a meal by inhibiting the neg-
ative effect of phytic acid (Sandstrm and others 1989). Individ-
val amino acids enhance zinc absorption, including lysine, which
is found in higher amounts in opague or quality protein maize
{(Binziger and Long 2000; Graham and others 2001). The po-
tential impact of quality protein maize on lysine and tryptophan
intake in Africa has been predicted by Nuss and Tanumihardjo
(2011).

Previous studies have shown a decrease in the bioavailability of
zine in the presence of calctum and phytc acid due to the forma-
tion of zinc-calcium-phytate complexes in the intestine (Fordyce
and others 1987). However, more recent research suggests that
phytic acid will preferentially bind to calcium and iron and, thus,
muay actually increase the bioavailability of zine (Miller and oth-
ers 2013; Moretua and others 2014). This is particularly pertinent
in the case of nixtamalized maize, which has enhanced levels of

S & afety 923
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calcium due to the ime (Bressani and others 2002). More re-
search is needed in this area to determine the effect of interactions
between zine, calcium, and phytate on zinc absorption.

Nhue is a xrood source of some micronutrients, but amounts
can vary by genotype, and different processing methods can have
substantial effects on the nutrient content of the resulting prod-
ucts (summuarized in Table 6). The majority of B vitamins are
lost during long-terin storage and milling {degerminadon), and
additionally in soaking and cooking. Other processing methods,
however, such as fermentation and nixtamalization, can increase
biocavailability of riboflavin and niacin. Carotenoid content may
increase through degermination because they are mostly found in
the endosperm. A large proportion of the minerals in maize are
can be
improved by processing methods that reduce phytic acid, such as
soaking, fermenting, cooking, and nixtamalizaton.

lost during degermination, while mineral bioavailability

Losses to micronutrients during processing can be mitigated by
changes in processing methods or reduction in processing, and alse
by encouraging consumption of whole-grain maize products over
degermed, refined products. When losses cannot be mitigated and
populations consuming the product are at risk of specific micronu-
trient deficiencies, these can be potentially reduced through forti-
fication (Pefla-Rosas and others 2014) or biofortification strategies
(Tanvmihardjo and others 2010).
The effects of different processing methods on nutrient content
in maize, from field to plate, indicate that, generally, the fresher and
less processed the maize 15, the more nutrients it retains. However,

this is nutrient-specific, and this trend is reversed in the case of

nutrients such as niacin, which has very low biocavaikbility from
unprocessed maize, but can be released during processing, Assuch,
the general trends in the effects of processing on the micronutrient
content of maize products can be used to guide feod producers,
food analysis and dietary nutrient evaluations. However, due to the
high variability in baseline nutrient content among maize varieties,
combined with additional variability in processing effects, for the
most accurate data it will be necessary to analyze the actual nutrient
content of the maize product. Furthermore, attention should be
placed on not only the nutrient content but also the potential
in vivo bioavailability.

Pepm(,o Inc. pmwded a financial gift and other support was
provided by (yk.\bal Health Funds at the Univ. of Wisconsin-
Madison during the drafting of the manuscript. The authers do
not report any conflicts of interest with this manuscript.

The views expressed in this manuscript are those of the authors
and do not necessarily reflect the position or policy of PepsiCo,
Inc.
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Donald Danforth Plant Science Center
Proteowmics & Mass Speciromeiry Faceility

DONALD DANFORTH
PLANT SCIENCE CENTER
BISCOVERY | COMBUNITY | HyPaCY

January 12, 2017

Name: Davis Chris
Affiliation: Industry
Sample information:

Date In: October g, 2016

Handler: Jia Li

No. of samples: 3

Requested Procedure(s): Free Amino Acid Analysis (FAA)}

Results Summary:

The samples were weighed, they were extracted as follows: add Gooul of water: chioroform:
methanct (3:5:12 v/v) extraction solvent, collect the supernatant, the residue was re-extracted with
ancther 6oopl of water: chioroform: methano!l extraction solvent. Supernatants were combined
then 3o0pb of chloroform and ggopl of water were added. The upper phase was collected and
dried. The pellets were resuspended with 100 pl of 20 mM HCL During derivatization, the samples
were diluted ten times; 10 pk. was used for a reaction volume totaling 100 pb, 1 pl was injected of
the reaction. Further dilutions or concentrations were made to bring the signal within the linear
range of the assay; these factors are noted in the reports attached. The percent of each amino acid
found in the sample are tabulated below. The lower limit of quantitation for this data was
0.00050%; values lower than are below the lowest calibration point and may be inaccurate. The
concentrations in pmolful. for each amino acid detected in each sample are found in the sttached
data with the summary report. The concentrations are calculated using a series of standard
dilutions run before the samples.

Sample Name | weight{mg)

Flour 2 98.9
Flour 3 101.9
Flour_4 100.1

Motif Exhibit 1150, Page 363 of 1599



DONALD DANFORTH
PLANT SCIENCE CENTER
BISCOVERY | COMBUNITY | HyPaCY

Case No.: IPR2023-00207
U.S. Patent No. 11,224,241

Donald Danforth Plant Science Center
Proteowmics & Mass Speciromeiry Faceility

Percent in sample
Flour 2 | Flour 3 | Flour 4
His 0.000%1 | 0.00074 | 0.00082
Asn 0.00846 | 0.00824 | 0.00871
Tau 0.00000 | 0.00000 | 0.00000
Ser 0.00098 | 0.0008% | 0.00083
Gin 0.00083 | 0.00071 | 0.00078
Arg 0.00156 | 0.00138 | £.00140
Gly 0.00134 | 0.00120 | 0.00122
Asp 0.00326 | 0.00293 | 0.00310
Glu 0.00280 | 0.00250 | 0.00276
Thr 0.00081 | 0.00081 | 0.00082
Ala 0.00623 | 0.00565 | 0.00582
GABA 0.00344 | 0.00314 | 0.00323
Pro 0.03382 | 0.03038 | 0.03151
Cys 0.00000 | 0.00000 | 0.00000
Cya 0.00000 | 0.00000 | 0.00000
Cys-Cys | 0.00000 | £.00000 | £.00000
Lys 0.00131 | 0.00118 | 0.00123
Tyr 0.00200 | 0.00175 | 0.00187
Met 0.00041 | 0.00037 | £.00040
MetS 0.00000 | 0.00000 | £.00000
Val 0.00111 | 0.00100 | G.00104
NVa 0.00000 | £.00000 | £.00000
le 0.00047 | 0.00046 | 0.00063
Leu 0.000386 | 0.00060 | 0.00078
Phe 0.000380 | 0.00075 | 0.00085
Trp 0.00081 | 0.00110 | 0.00131

Publication acknowledgement: If any results from this method are being used for publication or
grants, it is greatly appreciated to acknowledge the Proteomics & Mass Spectrometry Facility at
the Danforth Plant Science Center for its contribution.

Thank you for vour patronage! Please contact us if you have any questions regarding your results.

Donald Danforth Plant Science Center
Proteomics & Mass Spectrometry Facility

975 N Warson Rd.
St. Louis, MO 63132
Fax: 314.587.1324
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DONALD DANFORTH
PLANT SCIENCE CENTER
BISCOVERY | COMBUNITY | HyPaCY

hitofdwww danfortheenter orgfsclentistsresearchitore techneloglesiproteemigs-mass-speciremetyy
Brad Evans, Ph.D. Director bevansi@danforthcenter.org  314-587-1464,
Shin-Cheng Tzeng, Ph.D. Staff Scientist  stzengldantfortheenterorg 314-587-1415
Anita Durairaj, Ph.D Staff Scientist  adurairaj@danfonthcenter.otg 314-587-1431
Jia Li Senior Lab Tech Hu@danfortheenter.org 314-587-1623
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AccQ-Tag Ultra Sample Information

SampleName Flour-2 Sample Type Unknown

MM O Run Time 9.5 Minutes
MatrixNone Ditution 1.00000

Vial A7 Channel ACQ-2996 260 .0nm-4.8
injection 1

Date Acquired 1/8/2017 1:14:55 PMCST

Date Processed  1/12/2017 12:06:46 PMCST
Froject Name AccQTag_Ultra_Template Current Date 1/12/2017

Acq Method Set AccQTag Cell Culiure 2898
Frocessing Method 20150701 _FAA

Report Method Name Mole Percent 2_Free AA

injection Volume  1.00 ul

Auto-Scaled Chromatogram
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Peak Resulis

Araino Acid RT pmole | Mole%
1 | AMQ 1.847
2 | NH3 2.007
3 2.146
4 | His 2.316 5.824 0.95
5 f Asn 2597} 70889} 11.57
8 2722
7§ Tau 2.902
8 3.028
9 | Ser 3.282 9.202 1.50
10§ Gin 3.359 5654 0.92
111 Arg 3.444 8.881 1.45
12§ Gly 2848 F 17.678 2.89
13 3.781
14 | Asp 39838 24.2587 3.96
15 4103
18 4.192
17 4.348
18 § Glu 4.441 18.823 3.07
18 4577
26 4,689
21 4.733
22 { Thr 4.882 7.602 1.24
23 5.060
24 5.204
25 | Ala 528% % 69197} 11.30
28 | GABA 5421 32.998 5.39
27 5.599
28 { Pro 5868 | 280.833 ] 47.49
29 6.085
30 6.289
31 6.448
32 | DerivPeak | 6.644
331 Cys §.700
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Peak Resuilts

Aming Acid RT pmole | Mole%
34§ Lys 6.794 8.892 1.45
35§ Tyr ©5.930F 10.918 1.78
38 7.015
37 | Met 7.140 2.689 0.44
38 7185
39 7.216
40 § Val 7.268 9.407 1.54
41 § NVa 7.308
42 7.707
43 7.8202
44 7.941
45 7.992
48 8.025
47 { lie 8.084 3.561 0.58
43 8.118
4% | Leu &.181 6.479 1.08
50 8215
51 | Phe 8.256 4.775 0.78
52 8.290
53§ Trp 8.318 3.909 0.64
54 8.308
55 &.464
58 §.523
57 8570
58 8.806
59 9.099
80 9.282

Case No.: IPR2023-00207
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AccQ-Tag Ultra Sample Information

SampleName Flour-3
MM O

Matrix None

Vial 1:A8
injection 1
injection Volume  1.00 ul

Project Name AccQTag_Ultra_Template

Acq Method Set AccQTag Cell Culiure 2898
Frocessing Method 20150701 _FAA

Report Method Name Mole Percent 2_Free AA

Sample Type Unknown

Run Time 9.5 Minutes

Ditution 1.00000

Channel ACG-2896 2600nm-4 8
Date Acquired /872017 1:26:.02 PMCST

Date Processad 17672017 3:24:58 PMCST
Current Date 1/98/2017

Auto-Scaled Chromatogram
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Peak Resulis

Araino Acid RT pmole | Mole%
1 | AMQ 1.846
2 | NH3 2.002
3 | His 2.310 4.854 0.88
4 | Asn 2.591 1 83835} 11.25
5 2.719
& | Tau 2.90%9
7 3.022
8 | Ser 3.277 £.508 1.52
9 | Gin 3.355 4,977 0.88
10 | Arg 3.440 §.087 1.43
11§ Gly 3.641 16.294 2.88
12 37978
13§ Asp 3,933} 22439 3.07
14 4.101
15 4189
16 § Glu 4.437 1 17.322 3.08
17 4.574
18 4.685
19 4,729
26§ Thr 4.878 6.944 1.23
21 5.057
22 5.201
23 | Ala 52861 648689} 1143
24 § GABA 5418 1 31.033 5.49
25 5508
28 { Pro 5865 1 269.158 § 47.57
27 5.062
28 6.445
29 | DeriviPeak | 6.641
30§ Cys 8.704
31§ Lys 8.792 8.231 1.45
324 Tyr 6.927 9.831 1.74
33 7.013

Case No.: IPR2023-00207
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Peak Resuilts

Aming Acid RT pmole | Mole%
34 1 Met 7.138 2.527 0.45
35 7.182
38 | Val 7.265 8.746 1.55
37 | NVa 7.403
38 7.954
39 | He 8.022 3.809 0.64
40 § Leu 8.113 48671 0.83
41 { Phe 8.213 4824 0.82
42§ Tip &.288 5.514 0.97
43 §.365
44 8.399
45 8.467
48 8.527
47 8.572
43 £.681
439 8715
50 8.802
51 8.860
52 8.904
53 8.949
54 8.984
55 9.101

Case No.: IPR2023-00207
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AccQ-Tag Ultra Sample Information

SampleName Flour-4
MM O

Matrix None

Vial 181
injection 1
injection Volume  1.00 ul

Project Name AccQTag_Ultra_Template

Acq Method Set AccQTag Cell Culiure 2898
Frocessing Method 20150701 _FAA

Report Method Name Mole Percent 2_Free AA

Sample Type Unknown

Run Time 9.5 Minutes

Ditution 1.00000

Channel ACG-2896 2600nm-4 8

Date Acquired 1/8/2017 1:37:09 PMCST

Date Processad 17672017 3:24:58 PMCST
Current Date 1/98/2017

Auto-Scaled Chromatogram
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Peak Resulis

Araino Acid RT pmole | Mole%
1 | AMQ 1.845
2 | NH3 2.000
3 2.141
4 | His 2.306 5.284 0.91
5 f Asn 2.586 | 6603811 11.31
8 2.713
7§ Tau 2.909
8 3.017
9 | Ser 3.271 &.464 1.45
10§ Gin 3.350 5358 0.92
111 Arg 3.435 8.038 1.38
12§ Gly 38371 16.335 2.80
13 3,773
14 | Asp 398284 23318 3.99
15 4100
18 4.187
17 § Glu 44341 18.791 3.22
18 4.539
19 4573
26 4.684
21 4.728
22 { Thr 4.877 7.708 1.32
23 5.057
24 5.201
25 | Ala 52881 654531 11.21
28 | GABA 5418 § 31.375 5.38
27 5.597
28 { Pro 5866 [ 274.247 | 46.99
29 6.083
30 6.448
31 | DerivPeak {6.644
32§ Cys 6.704
33§ Lys §.795 8.424 1.44

Case No.: IPR2023-00207
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Peak Resuilts

Aming Acid RT pmole | Mole%
34 1 Tyr 6.929 | 10.331 1.77
35 7.018
38 | Met 7.139 2.859 0.46
37 7.186
38 7.219
39 | Vai 7.289 §.867 1.52
40§ NVa 7.403
41 7.6268
42 7879
43 7.741
44 7.810
45 7.922
48 7.960
47 { lie 8.026 4.822 0.83
48 { Leu 8,118 5.994 1.03
4% | Phe §.218 5.745 0.98
501 Trp 8.290 6.430 1.10
51 8.366
52 8.400
53 8.487
54 8.527
55 8.572
58 §.881
57 8715
58 8.803
59 8.862
80 8.907
61 £.950
62 &.983
83 9.101

Case No.: IPR2023-00207
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Attorney Docket No.: 38767-0015002 / Client Reft Meat3CON

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor :  Rachel Fraser ArtUnit 1791

Serial No. o 15/398479 Examiner . Elizabeth A. Gwartney
Filed : January 4, 2017 Conf No, : 2358

Title : METHODS AND COMPOSITIONS FOR AFFECTING THE

FLAVOR AND AROMA PROFILE OF CONSUMABLES

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

DECLARATION UNDER 35 U.S.C. § 1.132 OF DAVID J. LIPMAN M.D.

I, Dr. David J. Lipman, hereby declare as follows:

1. Lam cwrently Chief Scientific Officer of Impossible Foods, the assignee of U S.
Application Serial No. 15/398,479 (“the *479 application”). I have held this position since May
2017, and am responsible for research and development and information technology. Iam
submitting this Declaration in support of the *479 application.

2. It is my understanding that the Office has rejected the pending claims in the *479
application as being anticipated and/or obvious over a number of references, including Tong et
al. (“Blood Composition of Different Beef Breed Types”, Can. J. Anim. Sci, 1986:66: 91 5-924);
Shimbayashi et al. (“Free Amino Acids and Phosphorylethanolamine in Milk Whey of Cow”,
Agr. Biol, Chem, Vol. 29, No. 1, 1965;13-19); Koutsidis et al. (“Water-soluble precursors of
beef flavor: 1. Effect of diet and breed”, Meat Science, 79, 2008;79:124-130); Field et al.
(“Heme Pigment Content of Bovine Hemopoietic Marrow and Muscle”, J. Food Sei.,
1980:45:1109-1112); and Jamieson (“Iroquois Stew With Beef, Chicken and Pork™, Bon Appetit,
November 1995, httpi/fw ww.epicurious.conilrecipesifoodiviewsiiroquois-stewwith-beef-
chicken-and-pork-863). Ihave read the *479 application, the Office Action, and the cited art. I
have also read the Declarations of Dr. Keith R. Cadwallader, Dr. Devin Grant Peterson, Dr, S.
Christopher Davis and Dr. Celeste Holz-Schietinger, the cited art, and prior Office Action

Responses that Impossible Foods has submitted with prior responses to Office Actions, including
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those submitted in U.S. Application Serial No. 14/797,006, now U.S. Patent No. 9,700,067,
which is the parent application of the *479 application.

3. I have a Bachelor of Science degree conferred on me by Brown University in
1976, and a MLD. degree conferred on me in 1980 by the State University of New York at
RBuffalo.

4. I'am a nationally and internationally recognized expert in the field of
bioinformatics. I was actively involved in the development of a series of sequence similarity
algorithms, including the Wilbur-Lipman algorithm in 1983, FASTA search in 1985, BLAST in
1990, and Gapped BLAST and PSI-BLAST in 1997,

5. I am an elected member of the National Academy of Sciences and the National
Acadenty of Medicine, and a fellow of the International Society of Computational Biclogy, the
American Academy of Arts and Sciences, and the American College of Medical Informatics. [
received the Jim Gray eScience Award from Microsoft in 2013.

6. I served as Director of the National Center for Biotechnology Information (NCRBD)
at the National Institutes of Health (NIH) from 1989 to 2017. NCBI is the home of GenBank,
the U.S. node of the International Sequence Database Consortium, and PubMed, one of the most
heavily used sites in the world for the search and retrieval of biomedical information.

7. A copy of my curriculum vitae is attached as Exhibit A.

8. Under my direction, alpairwise alignment was performed on 27 hehze*coxxtahaizig
protein sequences provided in the "479 application (i.e., SEQ ID NOs. 1-27 disclosed in the *479
application), representing a diverse range of organisms, to evaluate amino acid sequence
simifarity. All but three of the proteins are heme-containing globin proteins from a wide
phylogenetic spread. The amino acid sequences of the three non-globin proteins are provided in
SEQ ID Nos: 6-8.

9. The pairwise alignments were performed using the Needleman & Wunsch
alignment algorithm [Needleman 8B, Wunsch CD. “A general method applicable to the search
for similarities in the amino acid sequence of two proteins”, J Mol Biol. 1970 Mar;48(3):443-53,
attached as Exhibit B] as implemented by the National Center for Biotechnology Information

fsee
hitpsi//blastnebt nim nih.pov/Blast cei7PAGE. TYPE=BRlastSearch&PROG NEF=blastn&RLA
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ST PROG DEF=blasin&BLAST SPEC=GlobalAlo&LINK_LOC=RlastHomeLiuk, attached as
Exhibit C) ] and run using the default parameters.

10.  The results of the pairwise alignments are shown in Exhibit B. The table
provided in Exhibit D reports the percentage of identical amino acids shared among each pair of
aligned sequences. This global alignment approach was used in order to maximize the number
of shared amino acids across the entire amino acid sequence, and thus it is a highly conservative
approach in this context. Despite this conservative approach, this set of proteins is so diverse
that many pairs exhibit very little sequence similarity.

11, Example 9 of the "479 application describes an experiment employing Gas
Chromatography-Mass Spectroscopy (GCMS) and Gas Chromatography-Olfactory (GCO)
methods to evaluate the production of volatile compounds, including those associated with a
meaty aroma, during thermal treatment (cooking) of four aqueous flavor reaction mixtures
containing four distinct globin heme-containing proteins (SEQ ID NOs: 3-5 and 18).

120 A summary of the pairwise alignment shared among each pair of aligned
sequences for SEQ ID NOs: 3-5 and 18 shown in Exhibit B is provided in Table 1 below. As
one can see from Exhibit B and Table 1, these 4 globin heme-containing proteins demonstrate
less than 36% pairwise identity between each pair of aligned sequences. These four globin
proteins represent heme-containing proteins obtained from arnimals, plants, and bacteria, which
have been separated by over a billion years of evolution; (see, for example, Proc Natl Acad Sci U
S A, 2001 Feb 27,98(5):2497-502, attached as Exhibit E; and Mol Biol Evol. 2015
Apr;32(4):835-45, attached as Exhibit F).

Table 1
Pairwise Identity
SEGID | SEQID SEQID SEQID

NO:3 | NO#4 NO:5 NOQ:18
Aguifex aeolicus SEQIDNO:3 pllia i 259 | 19% 21%
Leghemoglobin SEQIDNO#4 | 25% e 36% 19%
Barley (Hordeum SEQIDNO:S | 19% 36% i\\\\§§\\§ 20%
e . .
Bovin Myoglobin SEQID 21% 18% 20% e
» NOI8 o

13. The first flavor reaction mixture in Example ¢ contained 1% (10 mg/mi)

Leghemoglobin (SEQ 1D NO: 4) mixed with 10 mM Cysteine and 10 mM Ribose; the second
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flavor reaction mixture contained 1% (10 mg/ml) Barley hemoglobin (H. vulgare, (SEQ ID NO:

- 5) mixed with 10 mM Cysteine and 10 mM Ribose; the third flavor reaction mixture contained
1% (10 mg/ml) 8. myoglobin hemoglobin (SEQ ID NO: 18) mixed with 10 mM Cysteine and 10
mM Ribose; and the fourth flavor reaction mixture contained 1% (10 mg/ml) an 4. aeolicus
heme-containing protein (SEQ ID NO: 3) mixed with 10 mM Cysteine and 10 mM Ribose. All
flavor reaction mixtures were adjusted to pH 6.0, heated to 150°C for 3 minutes and evaluated by
GCMS to identify volatile aroma compounds produced that are associated with meaty aroma.

14, The results of the above-identified experiments are set forth in Table 9 of the "479
application, which is reproduced below. The results show that that inclusion of any of the four
members of this widely diverse set of heme containing proteins, proteins that in my opinion are
from perhaps the farthest branches of the tree of life, in an agueous thermal flavor reaction with
Cysteine and Ribose, produced multiple aroma compounds associated with a meaty aroma upon
heating.

Table 9 of the *479 Application

Name LegH Barley | B. myoglobin | 4. aeolicus
Furan X % X X
Thiazole X X X X
benzaldehyde X X X X
2-acetylthiazole X X X X
2-methyl-propanal X X X X
furfural X X X X
2,3-butanedione X X % X
2-pentyl-furan X X X X
2-pentanone X X

pyrazine X X X X
dimethyl trisulfide X X X X
3-methyl-butanal % X X
2-methyl-thiazole X X X X
pentanal X X X X
1,3,5-cycloheptatriene % X X X
methacrolein X X X X
heptanal X X X X
2-methyl-butanal X X X
isothiazole X X X
thiophens p.d X X X
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propanal X X X X
2-heptenal X X X
methyl-pyrazine X X X X
I-octene X X X
butanal X X X X
2-acetyl-propen-2-ol X X X K
pyrrole X X X X
2-methyl-furan X X X X
nonanal X X X
2-propenal X X X
2-decenal X X X
Z-nonanone X X
2-octanone X X X
2-tridecen-1-0}, X X
2-octanone X

2-octenal X X
4-methyl-2-heptanone X X
octanal X X
Z-undecenal X
butyrolactone X
1-octen-3-one X
3-methylheptyl acetate X
2-pentyl-thiophene X

15, Example 13 of the "479 application describes an experiment employing GCMS

methods to evaluate the production of volatile aroma compounds associated with a meaty aroma

during cooking of reaction mixtures containing either myoglobin free in solution or hemin (heme

unbound to protein) coupled to a solid support. A first reaction mixture included heme protein

(equine myoglobin -Sigma) at 0.35% in a phosphate buffer (20 mM) at pH 6.0 with 100 mM

Na(l; this was then mixed with Magic Mix {see Table 13 of the *479 application). A second

reaction mixture was created with immobilized hemin {bovine hemin (Sigma Aldrich)) at 0.35%

in a phosphate buffer (20 mM) at pH 6.0 with 100 mM NaCl; this was mixed with Magic Mix

(Table 13 of the "479). The reaction mixtures were heated to 150°C for 3 minutes and evaluated

by GCMS to identify volatile aroma compounds that are associated with meaty aroma.

16,  Hemin is an example of a conjugated heterocyclic ring complexed to an iron ion,

as described in the 479 application. More specifically, hemin is an iron-containing porphyrin
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{protoporphyrin IX)} containing a ferric iron ion (heme B) with a chloride ligand, having the

structure of Formula I below.

HQC\ CHg
HC~7 ‘?/’f\f/ SCH;
\ OoFe
HiC. /N N\ oH
B A '[/>’ i
O O
HO OH Formula I

17.  The results of the above-identified experiments are set forth in Table 17 of the

"479 application, which is reproduced below. The results provided in Table 17 show that

reaction mixtures comtaining the immobilized hemin and the heme-protein both produce multiple

aroma compounds associated with a meaty aroma upon heating. Notably, the profiles of volatile

compounds, measured by GCMS, produced by the reaction mixtures containing the immobilized

hemin and the heme-protein, respectively, were very similar.
Table 17 of the *479 Application

Flavor compound myoglobin hemin-linker-resin
| 2-methyl-5-(methyithio)-thiophene | Low
dihydro-S-propyl-2(3H)-furanone | Low
octane Low
pyrrole Low Low
methanecthiol Low Low
2-thiophenecarboxaldehyde Low Low
methyl-pyrazine Low Low
1-hydroxy-2-propanone Low Low
propanal Low Low
thiophene Low medium
pyridine Low Low
2-methyl-furan Low medium
oxalic acid, butyl propy! ester Low Low
pyrazine medium Low
oxalic acid, diallyl ester medium medium
2-butenal medinn large
furfural medim medium
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nonanal mediunt medium
2-cthyl-furan medium Low
ethanol medium very large
tert-butanol medium
3,3"-dithiobis{2-methyl]-furan medium medium
m-aminophenylacetylene medium medium
2,5-dihydro-3,4-dimethyl-furan medium medium
2-acetylthiazole medium medium
cyclohexane medium

ethyl tert-butyl ether medium 7

carbon disulfide mediom medium
thiazzole mediuwmn medinm
acetonitrile medium large
2~-pentyl-furan medium Low
3-thiophenecarboxaldehyde medium medium
2-methyl-butanal medium medium
thiazole medium large
2-methyl-3-furanthiol farge large
2-propenal large large
3-methyl-2-butenal large nedium
Z-methyl-3~(methylthio) furan large large
ethyl acetate large medium
methacrolein | large mediuvm
methyl-thifrane large large
methional large large
methyl alechol large medium
2-butanone large Low
2,3-butanedione large medium
acetone large large
furan large medium
benzaldehyde farge medium
methyl thiolacetate large medium
acetaldehyde very large very large

2-methyl-propanal

very large

very large

dimethy! trisulfide

very large

very large

3-methyi-butanal

very large

very large

propyl-cyclopropane medium
{E}-2-octenal medium
2-n-propylaziridine medium
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thiirane medium
cthyl formate medium
methyl vinyl ketone medium
2-propenoic acid, ethyl ester medium
t-nonanol large
l-octene large
I-heptanol large
I-dodeceng large
phorone very large

18.  Inmy opinion, the experimental data provided in Example 9 of the "479
application relating to the surprising ability of four very distinct members of the set of heme
containing proteins to generate meat-associated volatile aroma compounds upon heating, when
coupled with the experimental data provided in Example 13 of the "479 application,
demonstrating that even heme unbound to protein (i.e., hemin}, also shared such meat aroma and
flavor production properties when heated in a reaction mixture, make it reasonable to conclude
that these functional properties are not based on protein sequence similarity, but are instead
based on the commonality among the proteins and the hemin experiments, namely, the inclusion
of the heme co-factor.

19, 1hereby declare that all statements made herem of my knowicdgc are true and
that all statements made on information and belief are bsheved to be true; and further that these
staternents were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States
Code and that such willful false statements may jeopardize the validity of the application or any
patents issued thereon.

Respectiully submiﬁed

/, ’
Date: /%/S/’ //; ;Z“ﬁ/7 //g/
Vv

David I7Li pmén,
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Home Address:

1818 Greenplace Terrace
Rockvilie, MD 20850
(301) 762-0003

Personal Information

Case No.: IPR2023-00207
U.S. Patent No. 11,224,241

July 2017

David J. Lipman, M.D.

Office Address:
impossible Foods
525 Chesapea‘ke Dr.

SANRR. AT
NN QNI S & § I

Born in Rochester, New York, Aprif 27, 1954
Married, three children

Education

B.A. Honors in Biology, 1976
Brown University, Providence, Rhode island

M.D., 1980
State University of New Yorl at Buffale

Internship {Internal Medicine}, 1981
University of Arizona at Tucson

Maryland State License
National Board of Medical Examiners Part i, 1981

Professional Appointments

June 2017 - Present
Chief Scientist, impossible Foods

March 1989 - May 2017
Director, National Center for Biotechnology Information,
National Library of Medicine, NIH

April 1984 — December 2003
Senior Surgeon, Commissioned Corps, Public Health Service

July 1981 —~ 1989
Medical Staff Fellow, Mathematical Research Branch, NIDDK, NiH

Honors and Awards

# FElected Fellow, International Society of Computational Biclogy, 2009
& [lected Fellow, American Academy of Arts and Sciences, 2008
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@ National Institutes of Health NIH Director’s Award (Public Access), 2008

National Institutes of Health NIH Director’s Award {Genome-Wide Association Studies),

2008

Finalist, Service to America Medals, 2008

American Society for Microbiology Promega Biotechnology Research Award, 2008

National Institute of Allergy and Infectious Diseases NIH Merit Award, 2006

U.5. Dept. of Health & Human Services Secretary's Award for Distinguished Service, 2004

International Society for Computational Biology Senior Scientist Accomplishment Award,

2004

Elected Member, National Academy of Sciences, 2003

Priscilla M. Mayden Lecturer, University of Utah, 20602

Elected Fellow, American College of Medical Informatics, 2001

Elected Member, Institute of Medicine, 2000

National institutes of Health NiH Director’s Award, Summer 1998

Public Health Service Meritorious Service Medal, Summer 1997

Association of Biomolecular Resource Facilities” Award, 18386

NLM Director’s Honor Award, 1986

Public Health Service Meritorious Service Medal, Spring 1993

Public Health Service Qutstanding Service Medal, Spring 1991

(]

8 @ & 8 &

e e & & & B & & B @

Memberships
e American Academy of Arts and Sciences, Elected Fellow, April 2008 — Present
National Academy of Sciences, Elected Member, April 2003 - Present
American College of Medical Informatics, Elected Fellow, September 2001 — Present
institute of Medicine, Elected Member, October 2000 - Present
American Association of Physicians, UCSD Department of Medicine, May 2000 - Present

8 & & &

Publications [> 107,000 citations as of 10/2015, h-index=60]

Rossi, J.1., Ross, W., Egan, 1, Lipman, D.i, Landy, A. {1979} "Structural Organization of
Escherichia coli tRNA Tyr gene clusters in four different tranducing bacteriophages.” 1. Mol. Biol.
128, 21-47.

Lipman, D.J., Maizel, 1. {1982} "Comparative analysis of nucleic acid sequences by their general
constraints”, Nuc. Acids Res. 10, 27232739,

Lipman, D), Smith, T., Beckman, R., Waterman, M. {1982} "Hierarchical analysis of influenza A
hemagglutinin sequences”, Nuc. Acids Res. 10, 53755389,

Lipman, D)., Witbur, W.J. {1983} "Contextual constraints on synonymous codon usage”, J. Mol
Biol.,, 163, 363376.

Wilbur, W.J. and Lipman, D.J. {1883]) "Rapid Similarity Searches of Protein and Nucleic Acid
Sequence Data Banks”, Proc. Natl. Acad. Sci., 80, 726:730.

Wilbur, W1, Lipman, D.J. {1984} "A context dependent metric for biological seqguences”, SIAM L

3
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Appl. Math. 44, 557567.

Lipman, D.i., Wilbur, W.1,, Smith, T.F., Waterman, M.5. {1984} "On the statistical significance of
nucleic acid similarities”, Nuc. Acids Res. 12, 215226.

Lipman, D, Wilbur, W.J. {1985} "On the interaction of silent and replacement changes in
eukaryotic coding sequences”, J. Mol. Evol. 21, 161167,

Lipman, D.J., Pearson, W. {1985} “Rapid and Sensitive Protein Similarity Searches”, Science 227,
1435-1441.

Reddy, E.P,, Lipman, D.J., Anderson, P., Tronick, S., Aaronsen, S. {1985) "Nucieotide sequence
analysis of the BALBMSV transferring gene: Evolutionary relationship to rat and human cellular
homologs”, J. Virology 53, 984987,

Wilbur, W.J., Lipman, D.1., Shamma, S.A. {1886) "On the prediction of local patterns in cellular
automata”, Physica D 19, 397410,

Lipman, D.J,, Pastor, R.W., Lee, B. {1887} "Local sequence patterns of hydrophobicity and solvent
accessibility in soluble globular proteins”, Biopolymers 26, 1726, 1987.
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A computer adaptable method for finding similarities in the amino acid sequences
of two proteins has been developed. From these findings it is possible to determine
whether significant homology exists between the proteins. This information is
used to trace their possible evolutionary development.

The maximum match is a number dependent upon the similarity of the
sequences. One of its definitions is the largest number of amino acids of one protein
that can be matched with those of a second protein allowing for all possible
interruptions in either of the sequences. While the interruptions give rise to a
very large number of comparisons, the method efficiently excludes from consi-
deration those comparisons that cannot contribute to the maximum match.

Comparisons are made from the smallest unit of significance, a pair of amino
acids, one from each protein. All possible pairs are represented by a two-dimen-
sional array, and all possible comparisons are represented by pathways through
the array. For this maximum match only certain of the possible pathways must be
evaluated. A numerical value, one in this case, is assigned to every cell in the
array representing like amino acids. The maximum match is the largest number
that would result from summing the cell values of every pathway.

1. Introduction

The amino acid sequences of a number of proteins have been compared to determine
whether the relationships existing between them could have occurred by chance.
Generally, these sequences are from proteins having closely related functions and are
so similar that simple visual comparisons can reveal sequence coincidence. Because
the method of visual comparison is tedious and because the determination of the
significance of a given result usually is left to intuitive rationalization, computer-
based statistical approaches have been proposed (Fitch, 1966; Needleman & Blair,
1969).

Direct comparison of two sequences, based on the presence in both of corresponding
amino acids in an identical array, is insufficient to establish the full genetic relation-
ships between the two proteins. Allowance for gaps (Braunitzer, 1965) greatly
multiplies the number of comparisons that can be made but introduces unnecessary
and partial comparisons.

2. A General Method for Sequence Comparison

The smallest unit of comparison is a pair of amino acids, one from each protein. The
maximum match can be defined as the largest number of amino acids of one protein that,
can be matched with those of another protein while allowing for all possible deletions.
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The maximum match can be determined by representing in a two-dimensional array,
all possible pair combinations that can be constructed from the amino acid sequences
of the proteins, A and B, being compared. If the amino acids are numbered from the
N-terminal end, 47 is the jth amino acid of protein 4 and Bi is the 7th amino aeid of
protein B, The Aj represent the columns and the Bi the rows of the two-dimensional
array, MAT. Then the cell, MAT4j, represents a pair combination that contains 45 and
B,

Every possible comparison can now be represented by pathways through the array.
An 4 or j can occur only once in a pathway because a particular amino acid cannot
occupy more than one positionat one time. Furthermore, if MATmn is part of a pathway
including MAT¢%j, the only permissible relationships of their indices are m > ¢, n = j
or m << i, n << j. Any other relationships represent permutations of one or both amino
acid sequences which cannot be allowed since this destroys the significance of a
sequence. Then any pathway can be represented by MATab . . . MATyz, wherea > 1,
b > 1, the 7z and j of all subsequent cells of MAT are larger than the running indices
of the previous cell and y = K, z = M, the total number of amino acids comprising
the sequences of proteins 4 and B, respectively. A pathway is signified by a line
connecting cells of the array. Complete diagonals of the array contain no gaps. When
MAT7 and MATwmn are part of a pathway, ¢ — m % j — n is a sufficient, but not
necessary condition for a gap to occur. A necessary pathway through MAT is defined
as one which begins at a cell in the first column or the first row. Both ¢ and j must
increase in value; either 7 or j must increase by only one but the other index may
increase by one or more. This leads to the next cell in a MAT pathway. This pro-
cedure is repeated until either ¢ or j, or both, equal their limiting values, K and M,
respectively. Every partial or unnecessary pathway will be contained in at least one
necessary pathway.

In the simplest method, MAT4%j is assigned the value, one, if 4j is the same kind
of amino acid as Br; if they are different amino acids, MAT4j is assigned the value,
zero. The sophistication of the comparison is increased if, instead of zero or one, each
cell value is made a function of the composition of the proteins, the genetic code
triplets representing the amino acids, the neighboring cells in the array, or any theory
concerned with the significance of a pair of amino acids. A penalty factor, a number
subtracted for every gap made, may be assessed as a barrier to allowing the gap. The
penalty factor could be a function of the size and/or direction of the gap. No gap
would be allowed in the operation unless the benefit from allowing that gap would
exceed the barrier. The maximum-match pathway then, is that pathway for which
the sum of the assigned cell values (less any penalty factors) is largest. MAT can be
broken up into subsections operated upon independently. The method also can be
expanded to allow simultaneous comparison of several proteins using the amino acid
sequences of n proteins to generate an n-dimensional array whose cells represent all
possible combinations of n amino acids, one from each protein.

The maximum-mateh pathway can be obtained by beginning at the terminals of
the sequences (¢ = y, j = z) and proceeding toward the origins, first by adding to the
value of each cell possessing indices ¢ = y — 1 andfor j = z — 1, the maximum
value from among all the cells which lie on a pathway to it. The process is repeated for
indices 7+ = y — 2 andfor j = z — 2. This increment in the indices is continued until
all cells in the matrix have been operated upon. Each cell in this outer row or column
will contain the maximum number of matches that can be obtained by originating
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any pathway at that cell and the largest number in that row or column is equal to the
maximum match; the maximum-match pathway in any row or column must begin
at this number. The operation of successive summations of cell values is illustrated in

Figures 1 and 2.

AB CN T R OC L CR P M
Al
J 1
C 1 i 1
J 1
N 1
R 114 3 3 2 2 O O
cCi{3 3 4 3 3 3|3 4|3‘311|O]O
K|i3 3 3 3 3 3|33 3 2 1 0 O
(2 2 3 2 2 24213 2 3 1 0 O
Ry2 + 1 + 1t 2¢v1t4¢t1t 1 1t 2 0 0
Bl 1 2 1 1 1 1 1 1 1 1 1 0 ©
PO O O ¢ O C|O|JO0O O O O 1t O

Fia. 1. The maximum-match operation for necessary pathways.

The number contained in each cell of the array is the largest number of identical pairs that can
be found if that cell is the origin for a pathway which proceeds with increases in running indices.
Identical pairs of arnino acids were given the value of one. Blank cells which represent non-identical
pairs have the value, zero. The operation of successive summations was begun at the last row of the
array and proceeded row-by-row towards the first row. The operation has been partially completed
in the R row. The enclosed cell in this row is the site of the cell operation which consists of a search
along the subrow and subcolumn indicated by borders for the largest value, 4 in subrow C. This
value is added to the cell from which the search began.

A B CN J RQCL CR P M
Al & 7 6 6 5 4 4 3 3 2 1 0 0
J 7\7 6 6 6 4 4 3 3 2 1 0 O
Cc| s 6\7 6 5 4 4 4 3 3 1 0 O
J1 6 6 6\\5‘45 4 4 3 3 2 1 0 O
N|l5 5 5 4 5\4 4 3 3 2 1 0 O
R4 4 A4 4\4‘5 4 3 3 2 2 0 O
Cl|3 3 4 3 3 3\3‘4 3 31 0 O
K{3 3 3 3 3 3 3 3\3\2 1 0 O
c{2 2 3 2 2 2 2 3 2 3.1 0 0
Rz t+ 1 1 1t 2 1 1 1 1\2 0 0
B | 1 1 1 1t 1 1 1 1t 1 1\0 O
PO © 0 O O O O O O O O 1 ©

Fia. 2. Contributors to the maximum match in the completed array.
The alternative pathways that could form the maximum match are illustrated. The maximum
match terminates at the largest number in the first row or first column, 8 in this case.
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It is apparent that the above array operation can begin at any of a number of
points along the borders of the array, which is equivalent to a comparison of N-termi-
nal residues or C-terminal residues only. As long as the appropriate rules for pathways
are followed, the maximum match will be the same. The cells of the array which
contributed to the maximum match, may be determined by recording the origin of
the number that was added to each cell when the array was operated upon.

3. Evaluating the Significance of the Maximum Match

A given maximum match may represent the maximum number of amino acids
matched, or it may just be a number that is a complex function of the relationship
between sequences. It will, however, always be a function of both the amino acid
compositions of the proteins and the relationship between their sequences. One may
ask whether a particular result found differs significantly from a fortuitous match
between two random sequences. Ideally,one would prefer to know the exact probabil-
ity of obtaining the result found from a pair of random sequences and what fraction
of the total possibilities are less probable, but that is prohibitively difficult, especially
if a complex funection were used for assigning a value to the cells.

As an alternative to determining the exact probabilities, it is possible to estimate
the probabilities experimentally. To accomplish the estimate one can construct two
sets of random sequences, a set from the amino acid composition of each of the pro-
teins compared. Pairs of random sequences can then be formed by randomly drawing
one member from each set. Determining the maximum match for each pair selected
will yield a set of random values. If the value found for the real proteins is significantly
different from the values found for the random sequences, the difference is a function
of the sequences alone and not of the compositions. Alternatively, one can construct
random sequences from only one of the proteins and compare them with the other to
determine a set of random values. The two procedures measure different probabilities.
The first procedure determines whether a significant relationship exists befween the
real sequences. The second procedure determines whether the relationship of the
protein used to form the random sequences fo the other proteins is significant. It bears
reiterating that the integral amino acid composition of each random sequence must
be equal to that of the protein it represents.

The amino acid sequence of each protein compared belongs to a set of sequences
which are permutations. Sequences drawn randomly from one or both of these sets
are used to establish a distribution of random maximum-match values which would
include all possible values if enough comparisons were made. The null hypothesis, that
any sequence relationship manifested by the two proteins is a random one, is tested.
If the distribution of random values indicates a small probability that a maximum
match equal to, or greater than, that found for the two proteins could be drawn from
the random set, the hypothesis is rejected.

4. Cell Values and Weighting Factors

To provide a theoretical framework for experiments, amino acid pairs may be
classified into two broad types, identical and non-identical pairs. From 20 different
amino acids one can construct 180 possible non-identical pairs. Of these, 75 pairs of
amino acids have codons (Marshall, Caskey & Nirenberg, 1967) whose bases differ at
only one position (Eck & Dayhoff, 1966). Each change is presumably the result of a
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single-point mutation. The majority of non-identical pairs have a maximum of only
one or zero corresponding bases. Due to the degeneracy of the genetic code, pair
differences representing amino acids with no possible corresponding bases are uncom-
mon even in randomly selected pairs. If cells are weighted in aceordance with the
maximum number of corresponding bases in codons of the represented amino acids,
the maximum match will be a function of identical and non-identical pairs. For com-
parisons in general, the cell weights can be chosen on any basis.

If every possible sequence gap is allowed in forming the maximum match, the
significance of the maximum match is enhanced by decreasing the weight of those
pathways containing a large number of gaps. A simple way to accomplish this is to
assign a penalty factor, a number which is subtracted from the maximum match for
each gap used to form it. The penalty is assigned before the maximum match is formed.
Thus the pathways will be weighted according to the number of gaps they contain,
but the nature of the contributors to the maximum match will be affected as well. In
proceeding from one cell to the next in a maximum-match pathway, it is necessary
that the difference between each cell value and the penalty, be greater than the value
for a cell in a pathway that contains no gap. If the value of the penalty were zero, all
possible gaps could be allowed. If the value were equal to the theoretical value for
the maximum match between two proteins, it would be impossible to allow a gap and
the maximum match would be the largest of the values found by simply summing
along the diagonals of the array; this is the simple frame-shift method.

5. Application of the Method

To illustrate the role of weighting factors in evaluating a maximum match, two
proteins expected to show homology, whale myoglobin (Edmundson, 1965) and human
B-hemoglobin (Konigsberg, Goldstein & Hill, 1963), and two proteins not expected to
exhibit homology, bovine pancreatic ribonuclease (Smyth, Stein & Moore, 1963) and
hen’s egg lysozyme (Canfield, 1963) were chosen for comparisons.

The FORTRAN programs used in thisstudy were written for the CDC3400 computer.
The operations employed in forming the maximum match are those for the special
case when none of the cells of the array have a value less than zero. Four types of
amino acid pairs were distinguished and variable sets consisting of values to be
assigned to each type of pair and a value for the penalty were established. The pair
types are as follows:

Type 3. Identical pairs: those having a maximum of three corresponding bases in
their codons.

Type 2. Pairs having a maximum of two corresponding bases in their codons.

Type 1. Pairs having a maximum of one corresponding base in their codons.

T'ype 0. Pairs having no possible corresponding base in their codons.

The value for type 3 pairs was 1:0 and the value for type O pairs was zero for all
variable sets.

At program execution time, the amino acids (coded by two-digit numbers) of the
sequences to be compared were read into the computer, and were followed by a
twenty-by-twenty symmetrical array, the maximum correspondence array, analogous
to one used by Fitch (1966), that contained all possible pairs of amino acids and
identified each pair as to type. The RNA codons for amino acids used to construct
the maximum-correspondence array were taken from a single Table (Marshall et al.,
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1967). The UGA, UAA and UAG codons were not used, but UUG was used as a
codon for leucine. The subsequent data cards indicated the numerical values for a
variable set.

The two-dimensional comparison array was generated row-by-row. The amino acid
code numbers for 4¢ and Bj referenced the correspondence array to determine the
type of amino acid pair constituted by 47 and Bj. The type number referenced a short
array, the variable set, containing the type values, and the appropriate value from
that set was assigned to the appropriate cell of the comparison array. The maximum
match was then determined by the procedure of successive summations.

Following the determination of the maximum match for the real proteins, the amino
acid sequence of only one member of the protein pair was randomized and the match
was repeated. The sequences of 8-hemoglobin and ribonuclease were the ones random-
ized. The randomization procedure was a sequence shuffling routine based on com-
puter-generated random numbers. A cycle of sequence randomization-maximum-
match determination was repeated ten times in all of the experiments in this report,
giving the random values used for comparison with the real maximum-match. The
average and standard deviation for the random values of each variable set was
estimated.

6. Results and Discussion

The use of a small random sample size (ten) was necessary to hold the computer
time to a reasonable level. The maximum probable error in a standard deviation
estimate for a sample this small is quite large and the results should be judged with
this fact in mind. For each set of variables, it was assumed that the random values
would be distributed in the fashion of the normal-error curve; therefore, the values of
the first six random sets in the 8-hemoglobin—myoglobin comparison were converted
to standard measure, five was added to the result, and these values were plotted as
one group against their calculated probit. The results of the plot are shown in Figure 3.
The fit is good indicating the probable adequacy of the measured standard deviations
for these variable sets in estimating distribution functions for random values through
two standard deviations. The above fit indicates no bias in the randomization pro-
cedure. In other words, randomization of the sequence was complete before the
maximum match was determined for any sequence in a random set.

The results obtained in the comparison of S-hemoglobin with myoglobin are
summarized in Table 1 and the results for the ribonuclease—lysozyme comparison are
in Table 2. These Tables indicate the values assigned to the pair types, the penalty
factor used in forming each of the maximum matches, and the statistical results
obtained. The number of gaps roughly characterizes the nature of the pathway that
formed the maximum match. A large number is indicative of a devious pathway
through the array. One gap means that all of the pathway may be found on only two
partial diagonals of the array.

The most important information is obtained from the standardized value of the
maximum match for the real proteins, the difference from the mean in standard-
deviation units. For this sample size all deviations greater than 3-0 were assumed to
include less than 19, of the true random population and to indicate a signi-
ficant difference. As might be expected, all matches of myoglobin and 8-hemoglobin
show a significant deviation. Among the sets of variables, set 1, which results in a
search for identical amino acid pairs while allowing for all deletions, indicates that 63
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Fia. 3. Probit plot for six grouped random samples.

The solid line indicates the plot that would result from a probit analysis on an infinite number
of samples from a normally-distributed population. The points represent the results of probit
calculations on 60 random maximum match values that were assumed to have come from one
population.

TaBLE 1

B-Hemoglobin—-myoglobin maximum matches

Match values Maximum-match

Variable . for value sum Real Minimum deletions
ot pair types Penalty s <
N . Real Random? Real Randomf
1 0 0 0 63-00 55-60 1-80 4-11 35 36-2
2 0 0 1-00 38-00 27-80 2-09 4-88 4 55
3 0-67 0-33 0 97-00 91-47 1-55 3-57 18 24.3
4 0-67 0-33 1-:03 89-63 80-25 1-11 846 1 3.6
5 0-25 0-05 0 71-55 64-78 1-69 4-27 46 45-0
6 0-25 0-05 1-05 51-95 40-54 1-46 7-80 3 75
7 0-25 0-05 25 47-30 33-80 1-52 8-87 0 )

s is the estimated standard deviation; X, the standardized value, {real — random)/s, of the maxi-

mum match of the real proteins. The values for type 3 and type 0 pairs were 1-0 and 0, respectively,
in each variable set.

+ An average value from 10 samples.
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TABLE 2

Ribonuclease—lysozyme maximum matches

Match values

Maximum-match
for

Minimum deletions

Variable . value sum Real
pair types Penalty 3
set X Real Random¥
2 1 Real Randomt
1 0 o o 48-00 44-20 2-56 1-48 34 29-2
2 0 0 1-00 23-00 22-00 1-73 0-58 5 5-2
3 0-67 0-33 0 78-33 76-17 0-82 2-64 21 18-8
4 0-67 0-33 1-03 67-93 67-37 1-27 0-43 2 2-2
5 0-25 0-05 0 56-00 52-28 2-12 1-77 35 355
6 0-25 0-05 1-05 33:70 33-02 1-66 0-41 8 6-8
7 0-25 0-05 25 28:15 27-67 1-75 0-22 0 0

s is the estimated standard deviation; X, the standardized value, (real —random)/s, of the
maximuam match of the real proteins. The values for type 3 and type 0O pairs were 1-0 and 0,
reapectively in each variable set.

1 An average value from 10 samples.

amino acids in B-hemoglobin and myoglobin can be matched. To attain this match,
however, it is necessary to permit at least 35 gaps. In contrast, when two gaps are
allowed according to Braunitzer (1965), it is possible to match only 37 of the amino
acids. Curiously, when this variable set was used for comparing human myoglobin
(Hill, personal communication) with human B-hemoglobin, the maximum match
obtained was not significant. Differences between real and random values were highly
significant, however, when other variable sets were used.

Variable set 2 attaches a penalty equal to the value of one identical amino acid pair
to the search for identical amino acid pairs. This penalty will exclude from considera-
tion any possible pathway that leaves and returns to a principal diagonal, thereby
needing two gaps, in order to add only one or two amino acids to the maximum match.
This set results in a total of 30 + 4 = 42 amino acids matched (the maximum-match
value plus the number of gaps is reduced to four) and the significance of the result
relative to set 1 appears to be increased. Braunitzer’s comparison would have a value
of 37 — 2 = 35 using this variable set, hence it was not selected by the method.

Variable sets 3 and 4 have an interesting property. Their maximum-match values
can be related to the minimum number of mutations needed to convert the selected
parts of one amino acid sequence into the selected parts of the other. The minimum
number of mutations concept in protein comparisons was first advanced by Fitch
(1966). If the type values for these sets are multiplied by three, they become equal to
their pair type and directly represent the maximum number of corresponding bases
in the codons for a given amino acid pair. Thus the maximum match and penalty
factors may be multiplied by three, making it possible to calculate the maximum
number of bases matched in the combination of amino acid pairs selected by the
maximum-match operation.

B-Hemoglobin, the smaller of the two proteins, contains 146 amino acids; conse-
quently the highest possible maximum match (disregarding integral amino-acid
composition data) with myoglobin is 146 X 3 = 438. Insufficient data are available
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to analyze the result from set 3 on the basis of mutations. If it is assumed that the gap
in set 4 does not exclude any part of 8-hemoglobin from the comparison, this set has a
maximum of 3(89-63 - 1-03) = 272 bases matched, indicating a minimum of 438 —
272 = 166 point mutations in this combination. Using this variable set and placing
gaps according to Braunitzer, a score of 88-6 was obtained, thus his match was not
selected. Again it may be observed that the penalty greatly enhanced the significance
of the maximum match.

Variable sets 5 and 6 have no intrinsic meaning and were chosen because the weight
attached to type 2 and type 1 pairs is intermediate in value with respect to sets 1 and 2
and sets 3 and 4. The maximum match for set 6 is seen to have a highly significant
value.

The data of set 7 are results that would be obtained from using the frame-shift
method to select a maximum match; the penalty was large enough to prevent any
gaps in the comparisons. The slight differences in significance found among the maxi-
mum-match values of 8-hemoglobin and myoglobin resulting from use of sets 4, 6 and 7
are probably meaningless due to small sample size and errors introduced by the
assumptions about the distribution functions of random values. Finding a value in set
7 that is approximately equal to those from sets 4 and 6 in significance is not surprising.
A larger penalty factor would have increased the difference from the mean in sets 4
and 6 because almost every random value in each set was the result of more gaps than
were required to form the real maximum match. Further, the gaps thatareallowed are
at the N-terminal ends so that about 859%, of the comparison can be made without
gaps. If an actual gap were present near the middle of one of the sequences, it would
have caused a sharp reduction in the significance of the frame-shift type of match.

Set: 3 is the only variable set in Table 2 that shows a possible difference. Assuming
the value is accurate, other than chance, there is no simple explanation for the
difference. A small but meaningful difference in any comparison could represent
evolutionary divergence or convergence. It is generally accepted that the primary
structure of proteins is the chief determinant of the tertiary structure. Because
certain features of tertiary structure are common to proteing, it is reasonable to
suppose that proteins will exhibit similarities in their sequences, and that these simi-
larities will be sufficient to cause a significant difference between most protein pairs
and their corresponding randomized sequences, being an example of submolecular
evolutionary convergence. Further, the interactions of the protein backbone, side
chains, and the solvent that determine tertiary structure are, in large measure, forces
arising from the polarity and steric nature of the protein side-chains. There are
conspicuous correlations in the polarity and steric nature of type 2 pairs. Heavy
weighting of these pairs would be expected to enhance the significance of real maxi-
mum-match values if common structural features are present in proteins that are
compared. The presence of sequence similarities does not always imply common
ancestry in proteins. More experimentation will be required before a choice among
the possibilities suggested for the result from set 3 can be made. If several short
sequences of amino acids are common to all proteins, it seems remarkable that the
relationship of ribonuclease to lysozyme in six of the seven variable sets appears to be
truly a random one. It should be noted, however, that the standard value of the real
maximum-match is positive in each variable set in this comparison.

This method was designed for the purpose of detecting homology and defining its
nature when it can be shown to exist. I'ts usefulness for the above purposes depends in
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part upon assumptions related to the genetic events that could have occurred in the
evolution of proteins. Starting with the assumption that homologous proteins are the
result of gene duplication and subsequent mutations, it is possible to construct
several hypothetical amino-acid sequences that would be expected to show homology.
If one assumes that following the duplication, point mutations occur at a constant
or variable rate, but randomly, along the genes of the two proteins, after a relatively
short period of time the protein pairs will have nearly identical sequences. Detection
of the high degree of homology present can be accomplished by several means. The
use of values for non-identical pairs will do little to improve the significance of the
results. If no, or very few, deletions (insertions) have occurred, one could expect to
enhance the significance of the match by assigning a relatively high penalty for gaps.
Later on in time the hypothetical proteins may have a sizable fraction of their codons
changed by point mutations, the result being that an attempt to increase the signifi-
cance of the maximum match will probably require attaching substantial weight to
those pairs representing amino acids still having two of the three original bases in
their codons. Further, if a few more gaps have occurred, the penalty should be reduced
to a small enough value to allow areas of homology to be linked to one another. At a
still later date in time more emphasis must be placed on non-identical pairs, and
perhaps a very small or even negative penalty factor must be assessed. Eventually, it
will be impossible to detect the remaining homology in the hypothetical example by
using the approach detailed here.

From consideration of this simple model of protein evolution one may deduce that
the variables which maximize the significance of the difference between real and random
proteins gives an indication of the nature of the homology. In the comparison of
human B-hemoglobin to whale myoglobin, the assignment of some weight to type 2
pairs considerably enhances the significance of the result, indicating substantial
evolutionary divergence. Further, few deletions (additions) have apparently occurred.

It is known that the evolutionary divergence manifested by cytochrome (Margoliash,
Needleman & Stewart, 1963) and other heme proteins (Zuckerkandl & Pauling, 1965)
did not follow the sample model ocutlined above. Their divergence is the result of
non-random mutations along the genes. The degree and type of homology can be
expected to differ between protein pairs. As a consequence of the difference there is
no a priori best set of cell and operation values for maximizing the significance of a
maximum-match value of homologous proteins, and as a corollary to this fact, there
is no best set of values for the purpose of detecting only slight homology. This is an
important consideration, because whether the sequence relationship between proteins
is significant depends solely upon the cell and operation values chosen. If it is found
that the divergence of proteins follows one or two simple models, it may be possible
to derive a set of values that will be most useful in detecting and defining homology.

The most common method for determining the degree of homology between protein
pairs has been to count the number of non-identical pairs (amino acid replacements)
in the homologous comparison and to use this number as a measure of evolutionary
distance between the amino acid sequences. A second, more recent concept has been
to count the minimum number of mutations represented by the non-identical pairs.
This number is probably a more adequate measure of evolutionary distance because it
utilizes more of the available information and theory to give some measure of the
number of genetic events that have occurred in the evolution of the proteins. The
approach outlined in this paper supplies either of these numbers.
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lof4
Designation Organism/Strain
HEWZ70 HEWZ70 VIGRA Non-symbiotic hemoglobin 0S=Vigna radiata GN=NSH PE=2 Sv=1
B3DUZ B3DUZ7_METI4 Hemoglobin-like flavopratein 0S=Methylacidiphilum infernorum (isolate \V4) GN=hmp PE=1 Sv=1
066586 Y211 AQUAE Uncharacterized globin-like protein aq_211 0S=Aquifex aeolicus {strain VF5) GN=ag_211 PE=3 §v=1
P02236 LGB2_SOYBN Leghemoglobin C2 0S=Glycine max PE=1 V=2
Q42831 HBL_HORVU Non-symbiotic hemoglobin OS=Hordeum vulgare GN=HB PE=1 SV=1
GAN2X9 G4N2X9_MAGO7 Heme peroxidase OS=Magnaporthe oryzag (strain 70-15 / ATCC MYA-4617 / FGSC 8958) GN=MGG_10859 PE=4 SV=1
NAUFN7 NAUFN7_FUSC1 Peroxidase OS=Fusarium oxysporum f, sp. cubense (strain race 1) GN=FOC1_g10007184 PE=3 SV=1
CCPR_GIBZE Cytochrome ¢ peroidase mitochondrial 0S=Gibberella zeae
Q4ING3 (strain PH-1/ ATCCMYA-4620 / FGSC 9075 / NRRL 31084) GN=CCP1 PE=3 Sv=1
Q08753 TRHN1_CHLMO Group 1 truncated hemoglobin LI637 0S=Chlamydomonas moewusii GN=LI637 PE=1 SV=1
PL7724 LGB2_SOYBN Leghemoglobin C2 0S=Glycine max PE=1 5V=2
P15160 TRHBN_PARCA Group 1 truncated hemoglobin trHbN 0S=Paramecium caudatum PE=1 Sv=2
Q50VM4 Q5DVM4_ASPNG Putative haemoglobin OS=Aspergillus niger GN=hmb1 PE=3 SV=1
QR HBL_MAIZE Non-symbiotic hemoglobin 0S=Zea mays GN=HB PE=2 SV=1
004985 HBL2_ORYSJ Non-symbiotic hemoglobin 2 05=Oryza sativa subsp. japonica GN=HB2 PE=2 SV=1
024520 HBL1_ARATH Non-symbiotic hemoglobin 1 0S=Arabidopsis thaliana GN=AHB1 PE=1 SV=1
048668 LGB2_PEA Leghemoglobin Lb5-10 0S=Pisum sativum PE=2 $V=3
Q43236 LGB1_VIGUN Leghemoglobin-1 05=Vigna unguiculata GN=LBI PE=2 SV=1
P02192 MYG_BOVIN Myoglobin 0S=Bos taurus GN=MB PE=1 5v=3
P02189 MYG_PIG Myoglabin 0S=Sus scrofa GN=MB PE=1 SV=2
P680s2 MYG_HORSE Myoglobin 0S=Equus caballus GN=MB PE=1 SV=2
Nicotiana_benthamiana  |Nicotiana_benthamiana non symbiotic hemoglobin
ADACB3XGS/ ADA063XGS7_BACIU Group 2 truncated hemoglobin Yjbl 0S=Bacillus subtilis GN=yjhl PE=4 SV=1
Q8NMWE_CORGL Hemoglobin-/ke proteins 05=Corynebacterium glutamicum
Q8NMW6 (strain ATCC 13032 / DSM 20300/ JCM 1318 / LMG 3730 / NCIMB 10025) GN=Cgl2448 PE=4 Sv=1
P73925 TRHBN_SYNY3 Group 1 truncated hemoglobin GIbN 0S=Synechocystis sp. (strain PCC 6803 / Kazusa) GN=glbN PE=1 Sv=1
BAWLVY BAWLVY_SYNS7 Globin domain protein 0S=Synechacoccus sp. (strain ATCC 29403 / PCC 7335) GN=57335_2344 PE=3 5V-=1
Q00812 TRHBN_NOSCO Group 1 truncated hemoglobin GIbN 0S=Nostoc commune GN=glbN PE=3 SV=1
G2RXEO (G2RXEQ_BACME Hemoglobin-like protein 0S=Bacillus megaterium WSH-002 GN=BMWSH_4530 PE=4 SV=1
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SEQ ID NO:
HEWZ70 SEQ ID NO:1 Vigna radiata
B3DUZ7 SFQ ID NO:2 Methylacidiphilum infernorum
(066586 SEQ ID NO:3 Aquifex aeolicus
P02236 SEQ ID NO:d4 Glycine max
Q42831 SEQ ID NO:5 Hordeum vulgare
GAN2X9 SEQ ID NO:6 Magnaporthe oryzae
N4UFN7 SEQ ID NO:7 Fusarium oxysporum

SEQ ID NO:§ Fusarium graminearum
Q4ING3
Q08753 SEQ ID NC:9 Chlamydomonas eugametos
P17724 SEQ ID NO:10 Tetrahymena pyriformis
P15160 SEQ ID NO:11 Daramecium caudatum
Q5DVM4 SEQ ID N0:12 Aspergilius niger
Q9FY42 SEQ ID NO:13 Zea mays
(004985 SEQ ID NO:14 Oryza sativa subsp. japenica
024520 SEQ ID NO:15 Arabidopsis thaliana
048668 SEQ ID NO:16 DPisum sativum
Q43236 SEQ ID NO:17 Vigna unguiculata
P02192 SEQ ID NO:1§ Bos taurus
P02189 SEQ ID NO:19 Sus scrofa
P68082 SEQ ID NO:20 Equus caballus
Nicotiana_benthamiana |SEQ ID NO:21 Nicotiana benthamiana
ACADG3XGSY SEQ ID NO:22 Bacillus subtilis
QBNMWE SEQ ID N0:23 Corynebacterium glutamicum
P73925 SEQ ID NO:24 Synechocystis PCC6803
BAWLVS SEQ ID NO:25 Synechococcus sp. PCC 7335
Q00812 SEQ ID NO:26 Nostoc commune
(G2RXEQ SEQ ID NO:27 Bacillus megaterium
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Estimation of divergence times from multiprotein
sequences for a few mammalian species and
several distantly related organisms

Masatoshi Nei*, Ping Xu, and Galina Glazko

institute of Molecular Bvolutionary Genetics and Department of Biclogy, 328 Mueller Laboraton

Contributed by Masatoshi Mei, December 22, 2000

When many protein sequences are available for estimating the
time of divergence between two spedies, it is customary to esti-
mate the time for each protein separately and then use the average
for all proteins as the final estimate. However, it can be shown that
this estimate generaily has an upward bias, and that an unbiased
estimate is obtained by using distances based on concatenated
sequences. We have shown that two concatenation-based dis-
tances, i.e., average gamma distance weighted with seguence
length {d} and multiprotein gamma distance {d:}, generally give
more satisfactory results than other concatenation-based dis-
tances. Using these two distance measures for 104 protein se-
gquences, we estimated the time of divergence between mice and
rats to be approximately 33 million years ago. Similarly, the time
of divergence between humans and rodents was estimated to be
approximately 96 million years ago. We also investigated the
dependency of time estimates on statistical methods and various
assumptions made by using seguence data from eubacteria, pro-
tists, plants, fungi, and animals. Our best estimates of the times of
divergence between subacteria and eukaryotes, between protists
and other eukaryotes, and between plants, fungi, and animals
were 3, 1.7, and 1.3 billion years ago, respectively. However,
estimates of andent divergence times are subject to a substantial
amount of error caused by uncertainty of the molecular dock,
horizontal gene transfer, ervors in sequence alignments, et

fre molecular clock hypothesis asserts that the number of

amino acid substitutions in a protein is roughly proportional
to the time since divergence of the two species compared (1, 2).
Strictly speakiag, no gene or protein would evolve at a constant
rate for a fong ¢ Voiunondry time, because gene function is likely
to change over time, and mutational and DNA repair mecha-
nismis appear to vary among different groups of organisms (3).
For this reason, the molecular clock has been controversial for
several decades {(3-6). However, even if the substitution rate is
not strictly constant, it is still possible to obtain rough estimates
of divergence times, and these estiroates are very useful when
there is no reliable fossil record {6, 7). Furthermore, if a gene
evolves excessively fast or slow o a few evolutionary lineages,
one can climinate these lineages and then estimate divergence
times for the rest of the species (8). The accuracy of time
estimates is expected to increase as the number of genes or
proteins used increases, and in recent vears, many authors have
used multiple genes or proteins for this purpose (9-11).

There are several statistical methods for estimating divergence
tiraes, but the theoretical basis of the methods is not well under-
stood when multiple genes are used. For this reason, different
authors obtained widely different estimates for the same set of
species by using different methods (10, 12-16). We have therefore
examined the reliability of different methods for estimating diver-
gence times and have developed new methods that are likely to give
more reasonable estimates than previous ones. The purpose of this
paper s to discuss statistical problems related to this subject and to
present new methods. These new methods will then be used to
estimate the divergence times between mice and rats and between
humans and rodents, which have been controversial for the fast few

www.pnas.org/cgl/doi/10.1073/pnas 051611498

y, Pennsyivania State University, University Park, PA 16802

decades. We also consider the divergence times of animals, plants,
fungi, profists, and bacteria to show the dependency of time
estimates on the assumptions made and the statistical methods
used. In this paper, we consider only protein sequences, because
they usually give more s‘-mfaut()ry results than DNA sequences
when long-term evolution is considered. We also consider only
distance methods of thme estimation, because most recent time
estirnates have beea obtained by these methods.

Theoretical Basis of Estimation of Divergence Times

individual Protein (iP) Approach. In the past, most inve stigators have
used a method that may be calied the 1P approach (11
18). In this approach, the estimate of divergence time is computed
for each protein, and the average of the estimates over all proteins
is used as the final estimate. Consider Fig. 1.4, in which a phylo-

genetic tree for five species is given. Here, a—f stand for the
least-squares estimates of branch lengths (numbers of amino acid
substitutions) obtained from a paifwise distance matrix for a
protein. Species 3 is used as an outgroup to determine the root of
the tree for the remaining sequences, and therefore the branch
length estimate for this branch is not given. Here we assume that the
topology of the tree for the five species has been established from
other information. To estimate divergence times between species,
it is convenient to construct a linearized tree (8), in which the
branch lengths are reestimated ander the asmmp[mn of 2 constant-

rate c‘zoiunon (Fig. 13}. When this Hnearized tree is constructed, a
timescale for the tree is pr()duced to estirnate divergence times ()
and ;). This timescale can be obtained 1 by computing the rate of
amino acid substitution per year {r} by using the known Jn’elgbnce
time and the correspoading branch- kngth estimate for a pair of
species or species clusters.

For example, if T is the calibration point in Fig 18, th\: rate
of amino acid substitution can be estimated by / = b+/T, where
b5 is the branch- fength estimate for species 4 after divergence
from spu,ms 1,2, and 3in the linearized tree (Fig. 12). When this
rate is obtumed, we can estimate £ by

14,17
, 13,14, 17,

iy :B]/‘; = (1’71/53)1 i1]
Here, the estimates by, 5o, and b5 can be abtained from pairwise
distances by Idkwai\- et al’s (8} m@t] wod. Similarly, the estimate
of 1, is given by fo = byff = (bz/é }7. The variances of fyor iy

can be obtained by Takezaki er af.’s method or by the bootstrap
mdhod (19). For certain data sets (18, 20}, it is possible to use
several calibration points (paleontological dates for different
pairs of species). In this case, » roay be estimated by fitting a
regression line to the relationship between branch length esti-
reates and paleontological dates.

Before the construction of a linearized tree, it is customary to
conduct a statistical test of the molecular dock and eliminate

Abbraviations: 1P, individual protein appreach; €D, concatenation-based distance; MY,
million years; PC, Poisson correction; NJ, neighbor joining.

*To whom reprint requests should be addressed. E-mail: nxm2@pnsu.edu
PNAS | February 27, 20601 | wvol 98 | 2487-2502
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{A) Original tree

@€
1 {mouse)
5 )
' 3 {human)

4 {chicken)
-5 (Xenopus)

R f

0.0s
(B) Linearized tree ¢
£ "’b 1 {(mouse)
T L5, 2 (rat)
R 5 e 3 (human)
: 4 {chicken)
5 (Xenopus)
‘ : :  Time (MY)
300 200 100 o

Fig. 1. Phylogeny of the five species used. (A} NJ tree constructed by using
distance o> for 104 protein sequences. {8) Linearized tree of the above Nl tree.
R, root of the four spedies under consideration.

species that evolved excessively fast or slow, although this is not
always necessary {see below). A number of authars (7, 1 yhave used
the relative rate tests (21-23) for this purpose. In these testﬂ three
sequences {or three sequence clusters) are used, and the equali
evotutionary rate for two evolutionary lineages is tested by using a
third sequence as an outgroup. For example, the equality of the
expectations of branch 1@1:gthb a (for mice) and b (for rats) in Fig.
1A4 can be tested by using the chicken sequence as the outgroup.
Theoretically, however, this test is not appropriate for estimating
the divergence time #1, because it does not test the equal rates for
sequences 1, 2, and 3. For this purpose, we sf--)\.k{ test the null
hypotheses Ele (@) = E{byand E{a/2 + b/2 + ¢ + ¢) = E(f), where
I is the expectation operator. These null hypothcs S Can be tested
by Takezaki ef af.'s (8} U statistic, which approximately follows the
x° distribution and tests the equality of the branch lengths from the
root (R} to tips {1, 2, 3, and 4) for all species. In this test, at least
four sequences are necessary.

When there are data from many different proteins, the
divergence time #; is often estimated by the simple average of 15
for all the proteins used, as mentioned above. That is

£

fr= \: Fiifk, iZ]

i=1

where #y; is the estimate of 71 obtaine by the /th protein, and &
is the total number of proteins used, Theoreticall ly, however, 1y
obtained in this way is not an unbiased estimator of 7 i1, evenif the
branch length estimates (numbers of amino acid substitutions)
for each protein are unbiased. let by and By be unbiased
estimates of &7 and b5 for the ith pmtein, so that iy, = ("71, /6 337
In this case, an unbiased estimator of #; is gvar‘ by [(ZH1:)/
iflﬁg,-)]’l’lmthe“ than byf >J,(Dh/5 ,) /k. If we assume that
bsc

by and b5 are random variables (subscript § dropped), the
expectation of ol/b ; Is approximately given by
o 2hyy  Coviby, by Eib)Wiby)
Eby/bs) = PN + 5 - ; i3]
E'\/ 23) E‘(ég) E (!3’3)

wh were V(’)g) is the vatiance of b, and Cov(by, b2) is the covariance
of 5, and b5 (24). Numeric cal evaluation of the sccond and third
terms in Fq. 3 suggests that /1 in Fq. 2 often gives overestimates of

2498 | www.pnas.org/cgi/doi/10.1073/pnas.051611498

E‘/ of
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divergence times. This is particularly so when the calibration point
is smaller than the divergence time to be estimated. Suppose we
know ) instead of 7 in Fi 16 iR and want to estimate T by © =
i (b w/ bt /. T this case, 1y == (by/b1)t may become very large
if by happens to be close to O by chance (the upper limit being
infinity}. I bk happens o be large relative to bs, T becomes Smali
but never smaller than 1. Therefore, 7 tends to be an overestimate
when by; varies extensively. To avoid this overestimation, we should
use concatenation-based distances (CDis) mentioned beiowt

Distance Measures to Be Used. When all protein sequences used are
closely refated, the Poisson correction (PC) distance appears to give
sufficiently accurate estimates of divergence times (25). This dis-
tance is given by d = —~In{1 ~ p), where p is the proportion of sites
at which the amino acids of the two sequences compared are
different. However, the PC distance is obtained under the assurap-
tion that the rate of amino acid substitution per year {r) is the same
for all amino acid sites. To practice, this assumption rarely holds, and

empirical data have suggested that the rate varies from site to site
approximately following the gamma distribution (26). To this case,

the C‘/()thl()ndi‘y distance between two sequences can be measured
by the following PC gamma distance
d=gaf(l-p) V" ~1], [41

where ¢ is the shape parameter of the gamma distribution
(g(.mma parameter) and decreases as the variation of r among
sites increases (27, 28) )

Ifwe assume that ¢ is a constant, the variance of d 1s given by
dy = pl(i - p!"<”2’ Nin (49) but if we take into account
the sampling variance [J{d)] of the estimate (4} of g, the total
variance is approximately given by

Vidy = Vildy + Vi) (L —py ~ 1/”{1 -+--;-m(1 p}} 1] . 151
where V{(d) = [2a{a + 13{(p + «)?]/{np?), and n is the number
of amino .i,C\(it: used. This equation was obtained by the delta
method by using Anscombe’s (29) formula for ¥{a).

One might question the applicability of Eq. 4 to actual data,
because it does not take into account higher rates of substitution
between similar amino acids than between dissimilar amino acids
(30). Grishin (31) developed a complex distance measure by
tzaking into account varistion in substitution rate among differ-

nt arnino acid sites as well as among different pairs of amino
cmds However, this distance can also be dp"ar()xnmited very well
by a PC gamma distance with a = §.65 (32). Therefore, for most

practical purposes, we may use PC gamma distance.

€0 Approach. Pr\:viouﬂ;iy we mentioned that to obtain an unbi-
ased estimate of ¢, pairwise CDs for all proteins should be
computed and by and b3 be estimated from these distances.
There are several ways of concatenating pairwise distances {(ds)
for different proteins to obtain unbiased estimates of 51 and ba.

(i} Simple average distance (). In this method, a PC or PC
gamina distance is computed for each protein, and the simple
average of the distances for all proteins is used.

(i} Average distance weighted by sequence fength (d). One
disadvantage of distance 4 is that the average of ds over loci is
computed without regard to the number of amino acids (se-
quence length). Because a protein distance based on many amino
acids would be more relinble than d4, it would be better to use
the average distance weighted with sequence fength.

(iii} Mulitiprotein gamma distance {d3). As mentioned carlier, PC
gamma distance is very flexible and can be applied to most
amino acid sequence data (32). However, the gamrma parameter
a is expected to vary from protein to pr otcm, and it has been
shown that the rate of amino acid substitution per protein

Nei et al.
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roughly follows the gamma distribution (25}, This suggests that
if we consider many protein sequences siraultaneously, the rate
of amino acid substitution per site approximately follows the
gamma distribution when the entire set of amino acids for all
proteins is considered. We can therefore estimate the gamma
parameter ¢ for the entire set of amino acids and compute the
gamma distance using Eq. 4. We call this distance the mudnpro-
tein gamma distance in this paper. The standard errors of the
estimates ( d1, dn, and c?;;} of the above three distances may be
computed by the bootstrap or the jackknife method by using
individual proteins as units of resampling. For distance estimate
the variance can also be computed by Eq. 5, but the jackknife
variance appears to be more appropriate, because the unit of
evolution is a gene or protein rather than an amino acid.

A standard way of concatenating different statistical estimators
is {0 use the nverse of variance as !hu weight. Lynch (15) suggested
that the average of the variances of all pairwise distances for each
protein be used as the weight. Although the CD obtained in this way
does not give unbiased estimates of &, and b, it may be useful for
the estimation of divergence times. The CD obtained by this
method will be denoted ‘sy dy. We used Bqs. ¥ and 2 in his paper
to compute the (gamma) distance and its variance (with z = 0.5)
for each protein, following his suggestion.

Divergence Times Between Mice and Rats and Between
Humans and Rodents

A farge number of authors have estimated the times of divergence
between different groups of maramals by using molecular data (11,
33, 34}, but the rﬁb.litb obtained arve conflicting and wntlowrac.l
{35-37). Of special interest in this regard are the divergence tirues
between mice and rats and between humans and rodents. Molec-
ular estimates of these divergence times have been controversial,
because the fossil record is poor (38, 39), and rodent genes appear
to have evolved faster than primate genes (22). In this paper, we
therefore focus our attention primarily on these divergence times.
We use five vertebrate species, i.e., mice, rats, humans, chickens,
and Xenopus luevis, of which the evolutionary relatiouships are well
established and for which many shared protein sequences are
avaitable. Xenopus is used as an outgroup species (Fig. 1).

Protein Sequence Bata. We obtained protein sequence data from
the December 1999 edition of the HOVERGEN database (40} and
used only sequences that are available for all five species. In this
daiahase orthologous and paralogous genes are not always
distin, gmqhed and we attempted to exclude paralogous genes as
much as possible by eliminating multigene families such as major
histocompatibility mmpiex and mlmunoglo‘mhn genes. We also
constructed a neighbor-joining {NJ) tree using p dlbt'\ﬂ(‘ﬁ {41)
for each gene and chrmt-a‘t@d all genes that g‘roduaad a topalogy
different from the known tree for the five species.
Using the above procedure, we obtained 104 putative ortholo-
gous proteins (sce Table 3, which is published as supplemental
data at www.pnas.org). We used both PC and PC gamma
distances in this paper. The gamma parameter ¢ was estimated
by Gu and Zi‘ang 5 {42) me thod {the computer program avail-
able from the web site hitp://mep.bic.psu.edu) for each protein
separ ately. Fig. 2 shows the estimates {#) of a for the 104 proteins
in refation to the extents of sequence dwergeme {average
root-to-tip branch length; br). The 4 value varies cxtc,nsweiy
from protein to protein, and it is pmmwiv correlated with g
{43) or the proportion {p,) of variable sites among the five
sequences. Because PC gamma distance is disproportionately
farge compared with PC distance when 4 s small, the relation-
ships in Fig. 2 suggest that the extent of sequence divergence as
measured by PO gamima is less heterogeneous among proteins
than that obtained by PC. As mentioned earlier, the multiprotein
gamma distance is computed by using the 4 value obtained from

Nei et af.
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Fig. 2. {A) Relationship between estimated gamma parameter (8} and the
average root-to-tip distance {(bg) for 104 nuclear proteins from the five species
used. (B} Relationships between & and the proportion of variable sites {p.)
among the five sequences.

the entire set of amine acids. This value was 0.57, whereas the
average {(a) of ds for all proteins was 0.76.

Time Estimation, Theoretically, it is better to climinate sequence
data that do not pass the molecular clock test. Tn practice, however,
plotems that violate the molecular dock hypothesis do not neces-
sarily give unreasonable estimates of divergence times (11). We

therefore examined the relationships between U statistic values and
time estimatee for individual proteins (Fig. 3}. In the case of PC
distance, 25 proteins did not pass the molecular clock test and
showed a U value of 11.3 (1% significance level of 3* with 3 degrees
of freedoms) or higher. However, the estimates of the mouse-rat
and the human-rodent divergence times were neatly the same
whether these 25 deviant proteins were included or not. In the case

{A) PC distance

Mouse-Rat Human-Rodent

60 : Y :
x X
x kS

2 404 40 x L
w

= * x

<

3

w

Ty

o 100 260

Divergence tims (MY) Dm,:;; m,f. time (MY)

{B) PC gamma distance
Mouse-Rat Human-Rodent

30 : 30 e

100 200 0 ‘.00 ZG'C' 300
Divergence time (MY)

Fig. 3. Relationships between estimated divergence times and U statistic
vaiues for each of 104 proteins. The molecular clock hypothesis was rejected
for the proteins indicated with the X symbol.
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Table 1. Estimates {x standard errors) of divergence times {MY) between mice and rats and
between humans and rodents

Mouse-rat {ty) Human-rodent (&)

Method PC PC Gamma P PC Gamma
iP approach
440 + 34 385 £ 3.2 113.4 © 5.0 102.9 5.0
CD approach

di{a = 0.75) 40.7 £ 3.0 344+ 238 1123+ 5.4 989 53
dz{a =0.76) 391123 330+ 20 110.0 + 4.4 976 + 44
dz{a = 0.57) 32923 95542
dz {a = 0.28) (25.2 = 2.0 (820 = 4.0}
d. {a = 0.5} 32.0 = 5.0 90.0 = 10.0

oy, unweighted average distance; dh, average distance weighted with seguence length; o3, multiprotein
gamma distance; oy, Lynch's distance. The standard errors for the CD appreach were computed by the jackknife
method. The standard errors of £ and £ obtained by using Eq. 5 for dawitha = 0.57 were 2.0 and 4.0, respectively.

of PC gamma distance, only 7 proteins did not pass the molecular  give very close estimates. Distance d, gives /1 = 32 MY, which

cock test, and the mean estimates of divergence tirnes were again
virtually unaffected by inclusion or axdusmn of these proteins. For
this reason, we used the average time estimates for all proteins as
the final estimates disregarding the U/ values in the independent
protein (1P} approach. However, note that the extent of vadation
in# and 7> 15 80 enormous that the a average estimates based on a few
proteias are quite unreliable. Tn this paper, we used 7 = 310 railtion
year (MY) { dl»felgemﬁ time between birds and mammals) as the
calibration point (11, 38).

In the CD appr Od&,}‘ Chswith a Edl ge number of amino acids
{45,092 in the present case) are used, so that even small
differences in evolutionary rate among species becone statisti-
cally significant. For exanaple, the tree in Fig. 14 shows the
branch Ebngth estimates obtained when d1sta1:ce d »was used. The
average branch length {0.053) for the mouse and rat lineages
affer their separation from the buman lineage is about 1.2 times
longer than that (0.043) of the human lineage, and the difference
is highly sigm:mmt {at the 0.01% level). Similarly, the branch
length (0.17) for the rodent lineage after separation from the
chicken lineage is 1.3 times greater than that {0.12) of the chicken
lineage, and the difference is again significant at the 8.019 level.

However, this extent of variation in evolutionary rate among
ineages does not seem to affect time estimates seriousiy (32). In
Fig. 14, it is unclear whether the evolutionary rate was accel-
erated in the rodent lineage compared with the chicken fincage
or was decelerated in the chicken lineage. In either case,
however, it is possible to estimate the dr“rgeme times ¢ and
by considering the times of separation of chicken and humaus
from the rodent finea age. For example, 11 and 7, can be estimated
byl{e +b¥/(a + b+ 2c + 2T and [(a + b + 2¢)/{a + b +
2¢ + 2e)|7, respectively, where T = 310 MY. Thc estimates of
iy and > obtained in this way are 31 MY and 97 MY, respectively.
These ebtlm:.t s are close to those obtained by the linearized tree
method {Table 1), For this reason, we decided ta use all 104
protein d'lt'l in :{H the methods of the CD approach.

Estimates of divergence tiraes between mice and rats and
between humans and rodents (1, and 7, in Fig. 1B) obtained by
all methods are presented in Table 1. When the 1P approach is
used, the estimates of #, and 7, obtained with PC distance are 44
and 113 MY, respectively. When PC gama distances are used,
the estimates of 11 and ¢, are both considerably smaller than those
obtained by using PC distances.

In the case of the CI approach, PC distances & and «, with
a = o give similar estimates of 7, (39~41 MY} and 7, (110~112
MY). When PC gamma s used, the tine estimates are somewhat
smaller than those obtained by the IP approach for both ¢, and
t2. In general, distance oo with @ = 0.76 and dz with a = 0.57

2500 | www.pnas.org/cgi/doi/10.1073/pnas.051611498

is similar to 7, obtained by ds, but t abtained by d; is consid-
erably smaller than the values obtained by the other methods.
Note also that the standard ertors of the estimates obtained by
Ay are greater than those obtained by other methods.
Previously we mentioned that the 1P approach tends to give
overestimates of divergence times, particularly when the times
are estimated from recent calibration points. Assuming that ¢4 is
known to be 33 MY but 7'is unknown, we can estimate 7 for the
present data set. In this case, we abtain 7' = oo, because there are
four pfot sins for which by is 0. If we ei‘mmc.ta these four
[)“OELLE]S the average estirnate is stitl 450 MY. By contrast, if we
use dz with g = 0. \7 we obtain T = 310 MY, as expected. Ifwe
use t (=96 MY} as the calibration p(nti thc IP approach gives
= 353 MY, but the CD with d5 gives 7T = 310 MY.

Estimates of Gamma Parameter a and Divergence Times. In the above
computation of divergence times for humans and rodents, we
estimated gamma parameter o {from the entire set of species. In
practice, the estimate of ¢ tends to be smaller when closely related
species are used than when distantly refated species are used (43).
This occurs because multiple substitutions at the same amino acid
sites can be detected more easily in the former group of species than
in the latter. Because the estimate obtained from closely related
species should be doser to the true g value in the absence of
sampling bias (43), onc might argue that this estimate should be
used for computing pairwise distances for all species. We therefore
estimated the g value for dy using the mammalian sequences only
and obtained 4 = 0.28. When this estimate was used, we obtained
£ = 25 MY and I, = 82 MY, respectively (Table 1).

However, our computer simufation (G35 and MUN,, unpub-
lished data) has shown that when the g value ¢ estimated from
closely related species is used for computing pairwise distances,
divergence times smaller than the mhbmtlon point tend to be
unde estimatud whereas divergence omes greater than the
calibration point tend to be overestimated. This happens because
for distantly related species the amino acid sites that evolve very
fast have little effect on overall seguence divergence and further
divergence is primarily determined by slowly evolving sites,
which show a rather lar ge a value. Therefore, if we use a small
a value obtained from closely related species, it will give unduly
large paim’ise distances for distantly related species and conse-
quently give overestirnates of divergence times fot them but may
give underestimates for closely related species. Therefore, time
estimates of 82 and 25 MY for the human-rodent and the
mouse-rat divergence time appear to be underestimates, In
practice, this plo‘“inm is rather complex, and detailed aspects will

e discussed elsewhere.
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(A) Original tree
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Fig. 4. {4} NJ tree constructed by using distance d; with 3 1.24 for 11
protein seguences. The numbers given for this tree stand for the bootstrap
values {500 replications). {B) Linearized tree of the above Nitree. The numbers

given for this tree represent the estimates of divergent times.

Estimation of Ancient Divergence Times

Estimation of early divergence times such as those between
animals, fungi, and plants is much more difficult than that o
divergence tirnes of mammalian species, because the timescale
for a linearized tree for these species has to be produced from
the fossil record for vertebrates (16, 18, 33}, and there is no
assurance of constant-rate evolution for a long evolutionary time
{12, 44). Furthermore, different statistical methods often give
different time estimates even if the same calibration time is used.
Here we would like to examine only statistical problems con-
sidering protein sequence data from eubacteria (mostly Esche-
richia coli), protists (mostly Plasmodium), plants {(Arabidopsis),
fungi {veast}, and five species of animals (nematode, Drosophila,
chicken, rat, and human). Although a large number of genes have
been sequenced in sore of these arganisrus, we could find only
11 orthologous genes that arve shared by the above nine species

Fu
1
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and show relatively few alignment gaps (see supplemental Table
4 at www.pnas.org). All of these proteins were coansidered to be
of eubacterial rather than archebacterial origin {45).

We tested the molecular clock hypothesis for each protein
using PC gamma distance, but none of the proteins except one
violated the clock hypothesis. This hypothesis was not rejecte
even when the wmultiprotein gamma distance for all proteins
(3,310 amino acids) was used. The g value obtained for the latter
set of proteins was 1.24, and the NJ and the Huearized trees
constructed from the multiprotein gamma distances are pre-
sented in Fig. 4. The timescale for this tree was obtained by using
the calibration point of 310 MY between chicken and maramals.
The time estimates obtained by this and other methods are
presented in Table 2. The divergence time hetween the £, coli
genes and their homologues from the cukaryotes used here was
obtained under the assumption of a molecular clock, because
there was no outgroup for this species group.

CDs d, with @ = 1.53 and d; with @ = 1.24 gave essentially the
same estirnates for all the divergence times considered here (Table
2). Dnstance d; gave slightly smaller estimates than those obtained
by 2 and ds. Table 2 includes the estimates obtained by d; witha =
(.54, which was obtained by using oaly animal sequences {five
species). This distance again gives a smaller estimate (115 MY) for
the human-rat divergence, which is befow the calibration poiut (310
MY ). However, it gives rather high estimates for divergence times
carlier than the calibration point. In particular, the estimate of the
F. coli-eukaryote divergence is unrealistic, because it is older than
the age of Earth {ca. 4,500 MY).

Table 2 also includes the time estimates obtained by the IP
approach. These estimates are similar to those obtained by Wang
et gl. {16} with a similar method. However, they are considerably
higher thao the estimates obtained by d; and ds with g = 1.24.
Because the IP approach is expected to give overestimates, the
values obtatned by d, and d; with ¢ = 1.24 appear to be wore
reliable than those obtained by the IP approach. Unlike the case
of mammalian data, Lynch’s distance {d, ) gives the salfest time
estimates {62 MY) for the humasn-rat divergence but give large
estimates for ancient divergence times. However, the standard
errors of these estirnates are very large.

Our estimate of divergence time {(about 3,000 MY) between
eubacteria and eukaryotes based on d; and d3 witha = 1.24 35
younger than the age (ca. 3,500 MY) of some old microfossils
reported {46). If these microfossils are genuine and if the
raolecudar clock hypothesis bolds up to ancient bacterial evolu-
tion, the difference can be explained by (i) the large standard
error of our estimate, (i) horizontal gene transfer that might
have occurred between the ancestors of current eubacieria and
eukaryotes, and/or {#ii} the possibility that the ancient micro-
fossils reported do not represent the ancestors of current eu-
bacteria and/or eukaryotes.

Table 2. Estimates {+ standard errors} of divergence times (MY} of various organisms from the human lineage

Method Rats Chicken Drosophila Nematodes Fungi Plants Protists Eubacteria
P approach

PCgamma 124 £ 28 210 962 + 132 1,225 = 211 1,768 + 211 1,715 + 257 2,282 * 557 3,557 * 649
CD approach

di{& = 1.53) 113 = 38 310 745 + 196 30 + 274 1,229 + 402 1,343 = 394 1,578 + 485 2,600 * 568

dy{a = 1.53) 128 + 28 310 798 121 951 * 168 1,372 + 275 1,372 £ 272 1,767 + 279 3,000 + 476

dz{a = 1.24) 120 = 36 310 833 = 114 970 * 160 1,392 + 256 1,392 + 252 1,717 * 348 3,036 + 470

ds {3 = 0.54) 115 = 35 310 931 = 153 1,115 + 229 1.740 + 422 1,740 + 424 2,276 * 667 5,010 = 1,060

di (a = 0.50} 52 + 10 310 798 + 274 881 + 354 1,779 * 651 1,557 = 970 1,834 + 1,034 6,468 = 5045

dq, unweighted average PCgamma; o, average P gamma weighted with sequence length; o3, multiprotein gamima; oy, Lynch's distance. The divergence time
{310 MY} batween mammals and birds was used as the calibration point. Evolutionary relationships among animals, fungi, and plants varied with distance

measure.
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Discussion

We have examined varous methods of estimating divergence
times and have shown that the IP approach is expected to give
biased estimates, which are usually greater than those obtained
by the CE approach. In the latter approach, distances d» and ds

re expected to give more reliable estimates than distance d4,
although the difference is usually small unless ancient divergence
times are considered. Distances d; and d; usually give similar
estimates, but it is easier o compute d3 than da.

We have seen that molecular estimates of divergence times
depend on 2 number of assuraptions, and they are generally very
crude. Nevertheless, if we use a large number of protein se-
quences, the estirnates appear to be reasonably good {11, 17, 18).
Our estimate {96 MY) of the time of human-rodent divergence
fram ds is somewhat sraaller than a recent estimate (112 MY)
obtained by Kumar and Hedges {(11). This difference occurred
primarily because we used the CI approach with multiprotein
gamma distance, whereas Kumar and Hedges used the 1P
approach with PC distance. In the case of the mouse-rat diver-
gence, the difference between our estimate (33 MY) and Kumar
and Hedges (41 MY) is substantial.

In the present paper, we did not consider the uncertainty of
the calibration point used. In general, the degree of this uncer-
tainty is quite high (12}, so that we shouid always keep in wind
that molecular time estimates are very crude, and that the
standard errors attached to them merely fﬁ[)I‘CSL( it the statistical
error associated with molecular data under the substitution
model used. Therefore, sruall standard errors do not necessarily
mean a high accuracy of estimates. If we consider uncertainty of
the calibration point, the reliability of time estimates is reduced
considerably. For example, Lee (12) states that the divergence
between birds and mammals probably occurred 288-310 MY
ago. In our study, we used T = 318 MY, because the true
divergence time is likely to be at the higher end of paleontolog-
ical estimates. However, if we use 288 MY all the time estimates
in Tables | and 2 will be lowered by 7. 6’7

Molecular time estimates are usually greater than paleonto-
fogical estimates. Molecular evolutionists tend to argue that this
is mamiy caused by incomplete fossit records and that molecular
estimates are more accurate (4, 39). By contrast, paleontologists
and other critics (12, 36, 37) often ascribe this difference to the
inaccuracy of the ‘molecular approach of dating. It is not easy to
settle this controversy at this stage. Fortunately, molecular data
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are now rapidly increasing thanks to the recent genome-
sequencing projects for many different organisms, and when
more data become available, we will be able to make more
reliable phylogenetic trees and more reliable estimates of diver-
gence times. If we can construct consistent phylogenetic trees
with time estimates for many species and for mauny genes, we
should be able to reconstruct a reasonably good evolutionary
history of different organisius at the raolecular jevel. This history
can then be compared with paleontological data to develop a
unified view of the tree of life. At the present time, the amount
of molecular data used for phylogenetic inference and time
estimation are often too small to give reliable results.

Of course, it is important to as much as possible use genes or
proteins whose evolution follows the molecular clock hypothesis.
In recent years, a number of authors have used mitochondrial
genes or proteins for estimating divergence tirnes {47, 48}.
H)wever these data appear 1o be inappropriate for time esti-
mation when different orders or classes of vertebrates are
considered, because the evolutionary rate varies extensively
from species group to species group. For example, the evolu-
tionary rate appears to be more than two times lower in fish than
in mammals (49} and more than two times lower in artiodactyls
than in primates {47, 50). In these cases, the linearized tree
method would not give relizble time estimates.

Anocther problem is the ahsence of reliable fossit records to
calibrate ancient divergence times. At present, it is customary to
use vertebrate fossil records to infer ancient divergence tires
such as early metazoan divergence and the dwergence between
animals, fungi, and plants (Mg refs. 14, 16, i8). Estimation of
ancient divergence times by usiag recend calibration dates is
more error prone than that of recent divergence times. In this
case, erroncous sequence alignment often causes a serious
problem, and small differences in the gamma parameter vatue
influence the estimates substantially. In the case of bacterial
evolution, horizontal gene transfer also plays an iraportant role
{51), and this would introduce another source of errors in
inferring phylogenies and divergence times. Great caution is
necessary in the estimation of ancient evolutionary times.
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Supplementary material for Net ef af. (February 20, 2001} Proc. Nail Acad. Sci. USA,
10.1073/pnas. 051611498

Table 3. 104 protein sequence data from five vertebrate species {data from Hovergen)

Estimate () of |
ganima ;
parameter

Number of amine
acids used

3 Heparin cofactor 11 1.139 453 FAMOGO037
________ 4 i Muscarinic acetylcholine receptor ML 4 OASE L e B L AMOO00S0d
ey Angiotensin H receptortypel 4 0994 0 3 354 3 FAMO00084
6 Alcobol dehydrogenase-1 {Adh-1) 0.938 228 FAMOOO111
_________ T el Gastrie HIE Kot ATPase betarsubuntit o odinndid 3l s bt e AUO0E 33 s
,,,,,,,,, § iNar K+ AfPascbetasubumit 1 0718 | 301 TFAM000I3S
9 Acetvicholine roceptor delta~-subunit 0.886 508 FAMOOO152a
10 Acetyicholine gamma-subunit 1.307 500 FAMO0O152b
ekl § Acetylcholine recepior alpha-subumit 4 0409 00§ 456 b FAMOOO1S2e
12 Serum albumin 4.916 506 FAMO00192
13 (ap junction profein connexin-4 (.23 377 FAMG00242
,,,,,,,, 14 JAlpha-A-crystalling s SO s L AMO002488
i5 Cu-Zn superoxide dismutase (50D1) (.853 150 FAMO00256
16 Neural cadberin (N-cadherin) (0.355 900 FAMOOG0258
it Basic Tibroblast prowth factor (bFGE) 4 0369 3 52 s FAMOOOZTL s
18 Preproglucagon 1.358 131 FAMO00286
19 Bone morphogenetic protein-4 (BMP-4) $.392 394 FAMUOO0G306a
20§ Bone morphogenetic protein-2 (BMP-2) - 0381 b 351 L AMOCO30CE
21 Tissue inhibitor of metalloproteinase-3 0.512 200 FAMOO0330b
{TIMP-3)
22 Aldehyde debydrogenase I (ALDH-1) (3.595 499 FAMOOO337

FAMO00348

ABC transporier (TAP2) 2.661 656 FAMOOO385
Tryptopban hydroxylase (Tphy 3.668 37

FAMO0O388b

Glutamine svathetase

FAMO0G0534

Retinol-binding protein (RBP)

FAMOOOS5S

Alpha-enolase (2-phospho-D-glveerate 0.252 434 FAMOO0O627
hvdrolase)
35 Cyclin D1 0711 290 FAMOO0646a
3 5 5 FAMO00664
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37 Zona pellucida glycoprotein-3 (ZP3) 3.234 , 397 FAMOGO667
B Helis-loop-helixproteingld-2) b 0.243 Lot e LEAMOOOTES
39 Cardiac troponin 0.74 162 FAMOO0BG6Ba
40 Hepatic nuclear factor I-alpha wut 0.608 585 FAMOOT004b
_______ 41 1 Retimat degencrationslow (RDS)protein § 0602 4 0 343 0 §FAMOOIO9E oo
,,,,,,, 42 3 Hepatocvte growth factor (HGF) ¢ 083 4 706 AFAMO0i247a
43 Hepatocvie growth factor-like protein 1.243 692 FAM001247¢
43 Vimentin Gatermediate filameny 0.365 . 435 e FAMOGI32Ta e
A5 Middle weight neurofilament (NE-My 4 0838 748 AFAMOOIIZ8L
46 Cardiac calsequestrin 1.301 380 FAMOO1353
________ 47 1 Steroidogenic factor-1 SF-1 8 0505 3 AsE o FAMOOI363s
,,,,,,, 48 1§ Thyroid hormone receptor alpha (c-erbA) {0288 ¢ 408 I FAMOOI36da
49 Thyroid hormone receptor beta subunit 0.192 368 FAMOGG1369b
50 Very low density lipoprotein receptor 0.398 830 FAMO0G1390b
(V1 ) ;
52 Cyvclin-dependent kinase (CDC2) 0.422 296 FAMOOG1432b
53 Neural cell-adbesion molecule (N-CAM) 0.57 716 FAMOOG 444
,,,,,,, 54 i Newral cell surfaceproteinf  § 0665 4 991 FAMOOi446a
55 { Focal adhesion kinasc (FAK) 0.182 1051 FAMO01463
56 Protetn-tyrosine (src) kinase (C5K) 0.22 450 FAMOO1467
57 Neural receptor protein-tyrosine kinase 0.508 797 FAMO001471b
,,,,,,,,,,,,,,,,,,,,, . T T .,
58 Insulin-like growth factor { receptor 0.434 1301 FAMGO1471e
59 c-1et ONCOEEHE (.851 1366 FAMOGE472
_______ 60 1 c-kit receptor tyrosincldnase o 4 0957 4 o LDn o JLFAMOOITSE
61 Qocyte maturation factor Mos (C-mos) 1.456 324 FAMO01493
62 { Fibronectin (FN1) 0.839 1069 FAMO01519
G031 Zine fineer protein stug (SLUG) 0665 Lot d8 el EAMOOTOOL
64 Wilms tumor protein 0.35 375 FAMOO1607
65 | Intogrin beta-1 subunit 0376 789 FAMOOT621
_______ 66 1 Muscle regulatory factor (VIRE4) 4 038 23S JLFAMOOIE2DG
,,,,,,, 67§ Achacte-scute homologwe 4 02093 oy 180 IFAMO0I62d
638 Collagenase-3 (matrix metalioproteinase-13) 1.02 37¢ FAMO0O1631c
1..09  §Fosrelated antipen-2 (fra-2) b 0336 d 313l FAMOG1679a
170 { Follistatin (activinantagonis) 0354 A 315 4 FAMOG1730
i 7 Stmcture-specific recognition protein | 0.303 329 FAMO01987
(SSRP1) =
_______ 72 .1 Gonadotrophin-releasing hormone (GoRH) TAMOOIIOS e
,,,,,,, 73 1 Alpha 2 8-sialyhransferasc-1 (pst-1) FAMO02490
74 Syndecan-3 (Syn-3) FAMO02852
s A Distal-less 3 (DIe-5) homeobos, JTAMUD2ESSa
6§ Homcobox protein Nkx-2 5 subumit FAMOOISS0b
77 Corticotrophin-relcasing factor typel FAMOG3058b

recepior
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75 T-cell leukenria (L ERK-2) 0.439 326 FAMOG3670
D A DRl BIOIEIN e —— 0584 s TO5 L AMOC39328
80§ Conductin/axin (AXIN) 0667 218 FAM006148
31 Transforming growth factor — beta3 3.653 389 FAMO00027
_______ 82 1Na K-ATPasebeta2 subunit (ATPIBY)  §  t61 & 971 o §FAMO00134T
,,,,,,, 83 | Embryomcbeta-typeglobin 4 4364 4§ 137 JFAMO00214T
84 1§ Alpha globin 1277 142 FAMU00215
S5 JHeatshockprofein =~ oo b 0138 s 650 o LFAMOCO30OT
B6  § Lactate dehydrogenase-A 0§ 0616 A 330 A FAMOOO3G4al
87 | Histone H2A 0.149 129 FAM000427!
_______ 88 ibel-xreeulatorofcelideath o4 0764 4 2000 LFAMO0OSOGT
,,,,,,, 80 Ycets-lpSdyprotein 4 0202 4 437 FAMO00SI4T
90 Glutamine svathetase 0.471 368 FAMO00534a"
el L i Bone morphogenetic receptor 0.28 o ds 522 {FAMO0O306d
o Gyehn D D) e b LT 288 {FAMOGOeds’
93 { Furin 0522 768 FAM000747!
_______ 94 1 Hepatooyte growth factor (HGF) 4 4261 4 686 JLEAMOOIZET!
95 Liver glyceraldehyde-3-phosphate (.243 332 FAMOG1297
I K0 R . R . B——
96§ Nucleolin 1.793 605 FAMU013187
7 { Vimentin 0.361 454 FAMO01327'
eyl Lamin B AT N 578 o IFAMOOIISY
99 Nucleolar phosphoprotein B23 (NPM1) 1.022 285 FAMOG1359
100§ N-myg protein 0.698 398 FAMO01383
______ 101§ CDCZ involvedincellcyclecontrol & 033 4 996 o JFAMO0I432"
102§ Protein tyrosine phosphatase (PTPase-alpha) 0.280 778 FAMOO1447
103§ Phosphotyrosil protein phosphatase .084 391 FAMO014567
t04 3 M-sam fibroblast growth factor 8 0314 . 807 ol FAMOOYATST

*Gene family names from the Hovergen database (pbil.univ-lyonl fi/search/query htmi}).
"Entries 81--104 from Hovergen 1996 Release.
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Abstracy

Genomic data are rapidly resolving the tree of Hving species calibrated to time, the timetree of life, which will provide a
framework for research in diverse fields of science. Previous analyses of taxonomically restricted timetrees have found
a decline in the rate of diversification in many groups of organisms, often attributed to ecological interactions among
species. Here, we have synthesized a global timetree of life from 2,274 studies representing 50,632 species and examined
the pattern and rate of diversification as well as the timing of speciation. We found that species diversity has been mostly
expanding overall and in many smaller groups of species, and that the rate of diversification in eukaryotes has been
mostly constant. We also identified, and avoided, potential biases that may have influenced previous analyses of diver-
stheation including low levels of taxon sampling, small clade size, and the indusion of stem branches in clade analyses. We
found consistency in time-to-speciation among plants and animals, ~2 My, as measured by intervals of crown and stem
species times. Together, this clock-like change at different levels suggests that speciation and diversification are processes
dominated by random events and that adaptive change is largely a separate process.

Key words: biodiversity, diversification, speciation, timetyee, tree of life,

Introduction For example, genes appropriate for dosely related species
are unalignable at higher levels, and those appropriate for
higher levels are too corserved for resolving relationships of
species. Disproportionate attention to sorne species, such as
model organisms and groups of general interest {eg, mam-
mals and birds), also results in an uneven distribution of
knowledge. In addition, computational limits are reached
for Bayesian tirning methods involving more than a few hun-
dred species {Rartistuzzi et al 2011 Jetz et al 2012).

Here, we have taken an approach to build a global TTOL by
means of a data-driven synthesis of published timetrees into a
farge hierarchy. We have synthesized timetrees and related
iformation in 2,274 molecular studies, which we collected
and curated in a knowledgebase {Hadges et al. 2006) (supple-
mertary Materfads and Methods, Supplementary Material
online}. We mapped timetrees and divergence data from
those studies on a robust and conservative guidetree based
on community consensus (Mational Center for Bictechnology
inforrration 2013) and used those times 10 resolve poly-
tomies and derive nodal times in the TTOL {(supplementary
fig. 52, Supplementary Material online). We present this syn-
thesis here, for use by the cormmunity, and explore how it
bears on evolutionary hypotheses and mechanisms of spedi-
ation: and diversification.

The evolutionary timetree of life (TTOL) is needed for under-
standing and exploring the origin and diversity of life (Hedges
and Kumnar 2009 Nei 2013). For this reason, scientists have
been leveraging the genomics revolution ardd major statistical
advances in molecular dating technigues to generare diver-
gence times between populations and species. Collectively,
tens of thousands of species have been timed, and new di-
vergence time estimates are appearing in hundreds of publi-
cations each year {supplementary fig 51, Supplementary
Material online). A global synthesis of these results will
allow direct comparison of the TTOL with the fossil record
and Earth history and provide new opportunities for discov-
ery of patterns and processes that operated in the past. The
TTOL is also essential for studying the multidimensional
nature of biodiversity and predicting how anthropogenic
changes in our environment will impact the distribution
and composition of biodiversity in the futwre (Hoffmann
et al 2010% A robust TTOL will provide a framework for
research in diverse felds of science and medicine and a stim-
ulus for science education. Data now exist for building a
synthetic species-level TTOL of substantial size from the
growing knowledge (supplementary iz §1, Supplementary
Material online).

There are challenges in )synthesizing a global TTOL The Results
mast common approach for constructing a large timetree

. . s . . A iabad Timerres of Seyeciog
using a sequence alignment or super alignment is possible A Liohad Hinetres OF spedies
{Smith and O'Meara 2012; Tamura et al 2012}, but not Gur TTOL contains 50,632 species {fiz. 1). Nearly all (~99.5%)
generally practical because of data matrix  sparseness. of the 1.9 milion desaribed species of living organisms are
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Fio 1. (2 columns) A timetree of 50,622 species synthesized from times of divergence published in 2,274 studies. Evolitionary history is compressed into
2 narrow strip and then arranged in a spiral with one end in the middie and the other on the outside. Therefore, time progresses across the width of the
strip at all places, rather than along the spiral. Time is shown in billions of years on a log scale and indicated throughout by bands of gray. Major
raxonomic groups are labeled and the different color ranges correspond to the main taxonomic divisions of our tree.

eukaryates (Costelio et al 2013), and the proportion is similar
{(99.7%) in owr TTOL {fig 1). The naturally unbalanced shape
of the TTOL, for example, with more eukaryote than prokary-
ote species, allowed us to present it in a unique spiral format
to accomimodate its large size. A “timeline” can be envisioned
for each species in the TTOL, based on its sequence of branch-
ing events back in time to the origin of life. For example,
a timeline from humans {(hg 2} captures evolutionary
events that have received the most queries (74%) by
users of the TimeTree knowledgebase (Hedges st al 20636}
(supplemenzary  Materials and  Methods, Supplementary
Material online).

Linnaean taxonomic ranks exhibit temporal inconsisten-
cies {(fig. 3) as has been suggested in smaller surveys {Hedges
and Kumar 2009 Avise and Liu 2011). For example, a class
(higher rank) of angiosperm averages younger than an order
{lower rank) of fungus, and an order of animal averages youn-
ger than a genus (low rank} of basidiomycete fungus. Ranks
for prokaryotes are all older than the corresponding ranks of
eukaryotes, with a genus of eubacteria averaging
7157 & 1394 Ma compared with 126 1.2 Ma for a genus
of eudaryotes (g, 3 and supplementary Materials and
#erhads, Supplementary Material online). These inconsisten-
cies will cause difficudties in any scientific study comparing

207
,241

Motif Exhibit 1150, Page 421 of 1599



Timetree of Life - doi10.1093/molbevimsv037

Case No.:Ig/ng
U.S. Paten i R

"""')"'ago_/—(‘bimr‘a"uﬁm 6.7:£0.2(6
e Gorillas, 8.9 + 0.2 (47 g@

\’)rangurar\s 158402 (4
\
)

8

_\_-’Wv rnonke;s 293+0. 2
NW monkeys, 43.0 £ 6.2
Tarsiers, 86.1 £ 0.2 (20)@ %
Strepsirhines, 74.9 £ 0.2

(»F‘!ymg femurs, 81002 (15 @;’

—\ Tree shrews, 8 32 L N

_\-"oder"s&i ahbits, 91.9 £ 0.2 {58} Cwé

%

Afrotherians, 97.0 £ 0.2 {31)

- Q

L

X
Marsupials, 1582 0.2 (29} _ Y AW

Monotremes, 171 £ 0.2 (37} %%

Kenarthrans, 107 £ 0.2 {32}

S Birds & reptites, 292 + 0.2 (24) @ @&Wc

Armphibians, 350 £ 0.2 (23) @@

Lungfishes, 3731 0.2(12) g

| Coelacanths, 413 = 0.2 (16) S3E&
- Ray-finned fishes, 403 & 0.2 (33) 585

o — Cartifaginous fishes, 476 £ 0.2 8 -
: \,

Jawless fishes, 595 £ 0.2 (5) Q’@a

Tunicates, 684 1 0.2 (8)

SCALE CHANGES

Cephalochordates, 664 1. 0.2 (7)==E=
Echinoderms, 767 + 0.2 (8%,

.

22

77
i

7
.

7

17

7

C hnanoﬂaoeiiatﬂ, G222+,

Fungi, 1198+ 02 Ko-wég
Plants, 1434 £ 0.2 (15}
Amoebozoans, 147 Q‘%‘g
Haptophytes,

7

7

A
.

7
iz

.

Last universal common ancestar

Qrigin of life

Origin of Earth

Fis 2. (1 column) A timeline from the perspective of humans, showing
divergences with other groups of organisms. In each case, mean -k stan-
dard error (among studies) is shown, with number of studies in paren-
theses. Also shown are the times for the origin of life, eukaryotes, and
last universal common ancestor (Hedges and Kumar 2308).

different types of organisms, where Linnaean rank is assumed
to have a tempaoral equivalence.

The Eﬂrge TTDi afforded us the opportunity to examine pat-
terns of lineage splitting across the diversity of eukaryotes {we
omit prokaryotes in our TTOL analyses because they have an
arbitrary species definition). Under models of “expansion,”
diversity will continue to expand, either at an increasing di-
versification rate (hyper-expansion), the same rate {constant
expansion), or decreasing rate (hypo-expansion). Saturation,
on the other hand, refers to a drop in rate to zero as diversity
reaches 2 plateau {equilibrivm), possibly because of density-
dependent biotic factors such as spedies interactions {Morlon
2014). Most recent analyses, but not all (Venditd et al 2016,
ferz et al. 2012), have suggested that hypo-expansion is the
predominant pattern in the tree of life, although there has
been considerable debate as to the imporaance of timescales,
bictic or abiotic factors, and potential biases in the analyses
(Sepkoski 1984 Berwon 2009 Mordon et al 2070 Rabosky
er al 2012 Comell 2013 Rabosky 2013).

instead, we find that constant expansion and hyper-
expansion are the dominant patterns of lineage diversification
it the TTOL (fig 4o). Ouwr result was statistically significant
irrespective of the method used, including diversification rate
tests and simudations, a coalescent approach {not conducted
for the TTOL), gamima tests, a clade age-size relationship (see
Materials and Methods}, and branch length distribution anal-
ysis (supplernentary Materiabs and Methads, Supplementary
Material online). The rate of diversification did not decrease
aver the history of eukaryotes {fig. 4). The same results were
retrieved with another wmethod (supplementary fig. 53,
Supplementary Material online); we did not interpret the
data before 1,000 Ma because only 37 lineages were present
at this time, also explaining the large confidence intervals for
this period. The observed diversification closely matched a
simuiated pure birth—death (BD) model, increasing slightly
during the fast 200 My (fig, 4a and b). The terminal drop in
rate at ~1 Ma is a normal characteristic of diversification plots
{Eienne and Hosindell 2012) related to the taxonomic level
selected for the study, in this case species. This “taxonomic
bias” (rate drop) occurs at different times (Hedges and Kumar
100%) when genera, families, or other taxa are selected for
study, because lower fevel clades (in this case, populations
destined to become species) are omitted.

The TTOL was partitioned into 58 diverse Linnaegan clades
(Actinoprerygli,  Afrotheria,  Amazong,  Ambystoma,
Amphibia, Amphibolurinas, Amphisbaenia, angiosperms,
Anguimorpha,  Anolis,  Anseriformes,  birds,  Buoidae,
Bolitoglossa, Canidae, Cetardiodactyla, Chamaeleo,
Chondrichthyes, Ciconiiformes, Columbiformes, Cracidae,
Cuculidae, Fleutherodactylus, Erinaceidae, Falco, Feliformia,
Gymnophiona, gymnosperms, Hylarana, Hyloidea, Hynobius,
Hyperolius, Iguanidae, Kinyongia, Lacertidae, Liolaesmus, mam-
mals,  Megapodiidae, Metatheria,  Moniliformopses,
Musophagidae, Palaeognathae, Pelobatoidea, Perissodacryla,
Phaeophyceae, Phasianidae, Plethodon, Podicipedidae,
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F1c. 3. {1 column) Temporal relationships of Linnaean ranks of eukary-
otes, showing mode and 95% confidence intervals. Prokaryates are not
5

shown because of large differences in scale (supplemientary Materials
and Methods, Supplementary Materizl online).

Primates, Ranoidea, Squamata, Suncus, Thamnophis,
Tupaiidae, Ursidae, Varanus, Xenarthra, and Xenopus) for co-
alescence and gamma tests encompassing 44,958 total species
(supplemenzary  Materials and Merhods, Supplementary
Material online). The clades were chosen o represent taxo-
nomic diversity and a range of clade size, clade age, and tax-
onomic sampling. Species sampling levels were high, with a
median clade size of 66% of known species and 84% of the
clades having 40% or more of known spedies. Among the 16
largest dlades {Actinopterygii, Amphibia, angiosperms, birds,
Ciconiiformes, Hyloidea, mammals, Moniliformopses,
Ranoidea, Squamata), only one (angiosperms) showed
hypo-expansion using the coalescent method, while the
others were exclusively hyper-expanding Low levels of sam-
pling are known to bias toward hypo-expansion {Cusimana
and Renner 20M; Mosn and Marlon 2014), and the same
clade (angiosperms) was also the most poorly sampled (5%).
Alsa, there was no support in those clades for a dedine in
diversification rate using the gamma test. Although some
methods can account for incomplete random sampling,
the nonrandom sampling typically used by systernatists

&
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Fic. 4. (1 column) Patterns of lineage diversification. (@) Cumulative
lineages-through-time (LTT) curve for eukaryotes (56455 sp.}, in black,
showing the number of lineages through time {unsmoothed, dashed
smoothed, solid} and variance {red, 500 replicates). (b} Same LTT curve
{black fine}, but compared with a simulated constant-expansion LT
curve (A (speciation rate} =0073 and 4 {extinction rate} = 0.070)
shown as-£99% confidence intervals (red). (¢) Diversification rate
plot of same data showing only significant changes in rate as deter-
mined in maximum-likelihood tests; variance {red, 500 replicates)
shown as - 99% intervals.

{e.g, selecting for deeply branching lineages) is not accounted
for by current methods and will bias resules in favor of hypo-
expansion {(Cusimano and Renner 20703).

Focusing on the 48 smaller clades (e.g, genera and families)
of tetrapods, we found that these fikewise favored the ex-
panding models (84% of clades showing significant results)
rather than the saturation model {(see Materiab and
Methods). OF those, most {87%) were either expanding or
hyper-expanding with only 13% hypo-expanding Concerning
the gamma test, 67% of these smaller clades did not show a
dedine in diversification rate through dime, as was true for
eukaryotes as a whole (Aig 4 gamma statistic = 1364, P=1).
Hyper-expanding dades were significantly larger {fz 5a;
yPleasecheckupesium 831 ws, 91 species P < 005) and older
{fig, 5Sby xPlesscheckupesium 104 v, 57 Ma; P < 0.001) than
other clades (see Materials and Methods). We also found
that TTOL branch-lengrh distribution fits an exponential dis-
tribution significantly better than other models (see Materials
and Methods), agreeing with an earlier study (Vendi ex all
2010y using a small data set and approach.

Diversification by expansion predicts a significant correla-
tion between clade age and clade size (see Materials and
Methods). Therefore, we evaluate the expansion hypothesis
it two densely sampled groups: Mamimals (5,363 species) and
birds (9,879 species). We ako tested the effect of stem versus
crown age {(fig 5¢) on clade sizes (supplementary Marerials
and Methods, Supplementary Material online); stem age
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{1 column) Diversification anaiyses of major Linnaean dades in the timetree of life. (a—b) Results of coalescent analyses testing models of

diversification. Of 48 tetrapod C!a.des, 37 showed si o ificant model selected and they were used in these anaEVSQS( {a) Effect of clade size {(number of
&/ } W) \l
described 5 ecies). /b) Effect of clade age. {¢) Diagram illustrating difference between stem and crown age for two dades. (d-e) Reiati@n&hip of stem
5 80, } / E

branch and crown age in mammals {d = 0.07) and birds (& /* = 0.04).

includes the time elapsed on the branch leading to the crown.
We examined 1,990 dades in two separate analyses: Families
{153 and 113 nonnested dades for birds and mammals, re-
spectively) and genera {1,115 and 609 nonnested dlades for
birds and mammals, respectively). In each case, the relation-
ship was highly significant for crown age {r=043-047,
P <0001} but nonsignificant or weakly significant
{r=002-009, P=001-0.82) using stem age {see Materials
and Methods). These results demonstrate a significant rela-
tionship between clade age and dade size in major groups of
vertebrates, and provide an explanation why this was not
observed in past studies, as they used stem ages {crown
age + stemn branch time),

Our results show that it is best to avoid stem branch time,
because the length of any {stem) branch in the tree should
not be related ro the time depth of the descendant node
{crown age; Bz Sd and e). Therefore, the use of stem branch
timne will incroduce farge statistical noise and make the test
extrernely conservative. For example, when considering every
node in a timetree of species, the coefficient of variation of
stemn branch length relative to crown age is over 200% in the
best sampled groups, mammals (208%) and birds {224%).
That noise is further weighted by the pull of the present
{Nee et al 1994), which, we determined, adds 40% time
{median} to crown age at any given node (if stem age is
used instead of crown age), in separate analyses of birds,
mammals, and all eukaryotes. This is because the pull of the
present creates longer internal branches deeper in a tree, as
more lineages are pruned by extinction. Therefore, the use of
stem branches in diversification analyses adds noise {variance)}
and gives increased weight to that noise. We believe that the
stronger signal of constant expansion in owr resulis, com-
pared with earlier studies that have supported hypo-expan-
sion and saturation, is in part because we have identified and
avoided some biases {e.g, sampling effort, clade size, and stem
age) that can impact diversification analyses.

The rate of formation of new species is the primary input into
the diversification of life over time. This process starts as two

or more fineages split from an existing spedies at a node in the
tree. To learn more about the timing of speciation, we assem-
bled a separate data set of studies containing timetrees that
included populations and spedies of eukaryotes (supplemen-
fary Matenials and Methods, Supplemenzary Material online).
Considering a standard model of speciation based on geo-
graphic isolation, in the absence of gene flow (Sousa and Hey
2013), we estimated the time required for speciation to occur.
For a given spedies, the time-to-speciation {TT5), after isola-
tion, must fall between the crown and the stem age of the
species {fiz. 6a). All lineages younger than the crown age of a
species lead to populations that are still capable of interbreed-
ing and, therefore, must be younger than the TTS On the
other hand, the stem age is the time when a species joins its
closest relative and, therefore, it must be older than the TTS.
A sampling amission of either a population or spacies could
fower the crown age estimate or raise the stem age estimate,
but the resulting interval would still contain the TTS
Although coalescence of alleles may lead 1o overestimates
of time (el and Kumar 2000), those times were interpreted
as poputdation and spedies splits, not allelic splits, in the pub-
fished studies reporting them. Also, calibrations can amelio-
rate the effect of allelic coalescence because they are usually
based on population and species divergences, not coalescence
events. We conducted a simulation to test this approach
{supplementary Materiak and Methods, Supplementary
faterial online) finding that the true TTS is astimated pre-
cisely with a mode because of skewness of the statistical
distribution and it is robust to undersampling of lineages,
either younger {populations) or older (species). We also
found that the true TTS was not affected by the addition
of 10% noise (intervals that do not include the TTS) and only
weakly affected (2.5%) by adding a large amount {50%)
of noise.

Analyses of three disparate taxonomic groups {vertebrates,
arthropods, and plants) with greatly varving generation times
and life histories produced similar TTS of ~2 My (fiz. éb). For
comparison, divergence times among closely related species
of prokaryotes, which are defined in practical terms (Cohan
20023 are about 56-100 tmes older {supplemeniary
Materials and Methods, Supplementary Material ondine).
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Fio. 6. (2 columns) Estimation of dme-to-speciation. {a) Analytical design showing expected results. Intervals between stem age and crown age of seven
species contain time-to-speciation {dashed line represents the modal time-to-spediation}. Divergences among populations, and corresponding histo-
gram, are in red. (b) Colored histograms of observed time-to-speciation, showing modes (vertical lines) and confidence intervals (bars) in vertebrates
(N=213, 2.1 Ma, 1.74-255 Ma), arthropods (N =85, 22 Ma, 1.57-3.07 Ma), and plants (N =55, 2.7 Ma, 2.37-3.63 Ma). Black curves to the right are

histograms of population divergences.

The observed similarity of TTS in diverse groups of multi-
ceffular eukaryotes suggests a model of speciation that
places importance on the time that two populations are iso-
fared (fig. 7). If speciation is an outcome of the buildup of
genic incompatibilities (Gls} between isolated populations
{Coyne and Ovr 2004 Matste et al 2018), then the continu-
ous fixation of selectively neutral mutations in two popula-
tiorns (Zuckerkandi and Pauling 1965 Kimura 1988) will
accumutlate with time and eventually lead to a number, or
fraction, of Gls (here, "S-value”) that will cause postzygotic
reproductive isolation {fig. 7c). In essence, spediation—in the
strictest sense—can be defined as this specific moment in
time, a “point of no return,” because reproductive incompat-
ibility and isolation are inevitable at that point. The diverging
lineages will remain independent forever or until they
become extinct. If they do come back into contace (e 7a),
they might hybridize briefly but would then undergo rein-
forcernent, leading to prezygotic reproductive isolation. We
focus here on the major model, geographic isolation, but tme
constraings should be similar with ecological speciation, and
other models exist {Coyne and O 2004).

A speciation clock has been suggested previously {Cayne
and Orr 1989), where Gls buildup linearly over time in post-
zygotic reproductive isolation. However, current evidence
indicates a faster-than-linear {("snowball”) rate of buildup of
Gis in postzygotic reproductive isolation {Marute et al. 2010).
The snowball pattern of increase in Gls is not a problem for a
speciation clock as long as the time of attainment of the
S-value is simiar in different species. Our evidence from the
TTS analysis {fig 7b) suggests this to be the case.

Relatively few populations will remain isolated untl the
point of no retwrn because environments often change

840

rapidly in the short term, raising and lowering barriers to
gene flow (fig. 7a}). This is amplified by a preponderance of
fow indline landscapes (Strahler 1952), resulting in a greater
impact of climate and sea level change. Therefore, the buildup
of Gis will be reset many times before a successhul speciation
event occurs {fig. 7c}. This resetting, which results in failed
isolates, may explain “barcode gaps” (Puillandre e al 2011},
which we interpret as prespeciation loss of potential lineages.
We estimate that branches between nodes in well-sampled
{ > 20% coverage) groups of the TTOL are, on average, 4-5
My long using a slope merhod (4.92 4+ 0.32 My) and a coa-
fescent method {4214 078 My} (supplementary Materials
and Merhaods, Supplementary Material online). This indicates
that branch time is longer than TTS, and indludes a significant
“lag time,” referring to any time along a branch that is not part
of a successful speciation event, such as the resetting of the
speciation clock by reversal of the buildup of Gls. The high
variance of branch lengeh in trees (fig 5d and ) may reflect
the stochastic nature of environmental change and isolation
of populations, contributing to a "diversification dodk”
{fig. 4). This is consistent with the abserce of a strong corre-
fation berween reproductive isolation and diversification rate
in some taxa (Rabosky and Matute 2013).

In relaring this speciation model to a phyvlogeny {(Ag 7d), it
is evident that the split of two lineages in a tree is not the
speciation event but rather the moment of isolation of two or
rore populations that will rermnain isolated until the point of
no return. For example, if we assume a TTS of 2 My, then two
populations that only recentdy became species would have
split ~2 Ma {fig. 7d, species 1-2). Yet, much deeper in a tree,
where branches may be tens of millions of years fong, the TTS
i 2 relatively small fraction of total branch time, which makes
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Fioo. 7. (1 column) Summary model of speciation. (@) Biogeographic
history showing the contact and isolation of areas occupied by the
two popudations, (b) Phylogenetic lineages showing times of indepen-
dence (two lineages) and times of interbreeding (one lineage). (¢) Genic
incompatibilities between the two populations, showing how they
accrue at a time-dependent rate during geographic isolation, reset to
rero during contact (interbreeding), increase to the S-value (the number
of Gls that will cause speciation, the point of no return), and continue
increasing beyond the S-value despite later contact of the newly formed
species. (d) Hypothetical phylogeny, with numbered species, iilustrating
parameters of speciation in {(g-¢} to splits and branches in a tree.

a splitting event maore-or-less equivalent to the speciation
event. Furthermore, branch splitting leading to everitual spe-
cies formation can happen simultaneously, in many lineages,
as long as the resulting populations remain isolated until the
point of no return (Aig. 7d, species 5-9).

Discussion

These results have implications for patterns of species diver-
sification and the interpretation of timetrees. if adaptation is
largely decoupled from speciation, we should not expect it to
be a driver of speciation as is frequently assumed. Also, we
should not expect 1o see major diversification rate increases

following mass extinction events, even though large adaptive
changes took place at those times. That expectation is realized
in our analyses {fig. 4} where we see constant splitting
through tirne across the two major Phanerozoic extinction
events (251 and 66 Ma). Likewise, our diversification analyses
of smaller groups, such as birds and mammals (supplemer-
tary fig, 34, Supplementary Material online), and past studies
of those groups (Bininda-Emonds et al 2007 Meredith et al.
2014 Jetz et ak 2012) have not found rate increases immedi-
ately following the end-Cretaceous mass extinction event
(66 Ma). Rate decreases from the extinction events them-
selves are not expected because of the inability to detect, in
trees, 3 large proportion of species extinctions that occurred
(Nee and May 1997).

The consistency in TTS among groups found here suggests
that the time-based acquisition of Gls, and not adaptive
change, is driving reproductive isolation, almost in a neutral
process. By implication, geographically isolated populations,
even if morphologically different and diagnosable, are not
expected to be species until they have reached the point of
no return. This is because some differendation and adaptive
change should occur in isolation, and many isolates will be
ephemeral (Rosenblum et al 2012), merging with other iso-
lates or disappearing and never becoming species that enter
the tree of life. More population data are needed before it is
possible to identify the point of no return with precision.
Nonetheless, these data suggest that, in most cases, described
species separated by only tens of thousands of years are not
real species. The Linnaean rank of subspecies, which has
dedined in use for decades, might be appropriate for such
diagnosable isolates that have not yet reached the point of no
return. Oversplitting of species by taxonomists may explain
the sharp peak in diversification (hyper-expansion) in the fast
10 My of eukaryote history {fig. 4b). On the other hand, it
could also result from stanistical (small sample) artifacts that
were published in many different studies {summarized in the
TTOL). Therefore, further analysis of that unusual rate spike is
warranted.

in summary, the diversification of life as a whole is expand-
g at a constant rate and only in some small clades (<500
species) is there evidence of decline or saturation in diversi-
fication rate. We believe these results can be explained as
many different groups of organisms undergoing expansion
and contraction through time, with those patterns captured
i different stages (expanding slowing or in equilibrium).
i wue, the predominant pattern of expansion in large
clades is expected from the law of large numbers, where
such smaller, random events would average to a constant
rate. Constant expansion also follows from random environ-
mental changes leading to isolation and speciarion. Rate con-
stancy is consistent with the fossit record (Benton 2009} and
does not deny the importance of biotic factors in evolution
(Rickiefs 2007), but it suggests an uncoupling of speciation
and adaptation. Cases where the phenotype has changed
licthe {e.g. crypric species) or greatly during the TTS are inter-
preted here as evidence of uncoupling. The lineage splitting
seen in trees probably reflects, in most instances, random
environmental events leading to isolation of populations,
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and potentially many in a short time. However, the relatively
fong TTS {(~2 My), a process resulting from random genetic
events, will limit the number of isolates that eventually
become species. Under this model, diversification is the prod-
uct of those two random processes, abiotic and genetic, and
rate increases (bursts of speciation) are more likely to be as-
sociated with long-term changes in the physical environment
{eg, climate, sea level) causing extended isolation rather than
with short-term ecological interactions. However, reductions
in extinction rate could also explain increases in diversifica-
tion rate. Adaptive change that characterizes the phenotypic
diversity of life would appear to be a separate process from
speciation. Although a full understanding of these processes
remains a challenge, determining how specarion and
adaptation are temnporally related would be an important
“next step.”

farerials and Methods

Detailed methods are described in supplementary Materials
and Methods, Supplementary Materad online.

We synthesizes
primary research on the TTOL is published. We first identified
and collected all peer-reviewed publications in molecular evo-
lution and phylogenetics that reported estimates of time of
divergence amang species. These included phylogenetic trees
scaled to time {timetrees) and occasionally tables of
tirme estimates and regular text. We assembled timetree
data from 2,274 studies (http/fwww dimetreeorgfreference
fistphp )} thar bave been published between 1987 and
Aprilt 2013, as well as two tmetrees estimated herein
{(supplermentary able 51, Supplementary Material online).
Maost (96%) of nodal times used were published in the last
decade.

ANABTICS anda dynthess

We used a hierarchical average linkage method of estimating
divergence times (T} of clade pairs to build a Super Timetree,
along with a procedure for testing and updating topological
partitions to ensure the highest degree of consistency with
individual tirmetrees in every study. For the TTOL, uncertainty
derived from individual studies is available for each node
{(supplementary table $2, Supplementary Mazerial online).
Branch time modes of different Linnaean categories were es-
timated (supplemenzary table 53, Supplementary Material
ontine).

.
3

Y
>

kS

Al diversification analyses were performed in R (httgnf fvwnw,
r-projectorgf) with the APE package {Paradis et al 2013).
The gamma statistic was employed to detect decrease in
speciation rate over the history of the tree. To test if diversi-
fication is saturated or expanding we used a coalescent
method as well as the relationship between the ages of dif-
ferent clades and their sizes {(numbers of species). The
numiber and locaton of shifts in diversification rates were

842

also tested. We also estimated among-study uncertainty
in both the lineages-through-time {LTT) curve and rate test
by producing 500 replicates of the TTOL, sampling acrual
study times at each node randomly. These replicates were
then used in the analysis of rate shifts to estimate and test rate
change. Results of all diversification analyses were summa-
rized (supplementary tables  $4-310, Supplementary
AMaterial online).

The gamma statistic (Pybus and Harvey 2000) was employed
on 59 dades {2l eukarvotes plus 58 dades listad in supple-
mentary table 55 Supplementary Material online) to detect
decrease in speciation rate over the history of the tree (LASER
package; Rabosky and Schliep 2012). These 58 groups were
chosen 1o have an overview of the diversification processes on
a diversity of clades across fife, in terms of size, sampling effort
{above 5%; median 66%, with 84% of the clades having more
than 40% coverage), and clade age. Included in the 58 clades
are 10 nonnested groups over the major Linnaean groups,
which aliowed us to draw conclusions about high-level and
fow-level dades. We further selected 10 nonnested clades
from within each of the four well-sampled groups of tetra-
pads {amphibians, birds, mammals, and squarnares). We also
analyzed separately the Eukaryote clade because all the other
groups are nested within this one.

A negative gamma value reveals a concentration of
branching tirmes near the root, meaning a decelerated diver-
sification. Incomplete lineage sampling can affect the result of
this test because soime tips will be pruned, thus lengthening
the branch length in the more recent past (Nee et al. 1994).
An incomplete sampling could therefore lead to an ervonecus
detection of slowdown. To avoid this bias, the Monte Carlo
constant rate test (MCCR tasty (Pybus and Harvey 2000} was
also performed on clades with a significant negative gamma
value (LASER package). Here, the critical value for rejecting a
constant rate {0 =0.05) was calculated by examining the
distribution of garmma for sirulated trees with the same in-
complete lineage sampling proportion as the observed tree.
We conducted 5000 Monte Carlo simulations for each
MCCR test. If the MCCR test finds that the detection of
slowdown is erroneous, then there is no support for dedine
in speciation rate for this clade.

To test if diversification is saturated or expanding we used a
coalescent method {Morlon et al 2013 on 58 clades
{supplementary table 55, Supplementary Material online).
We defined two sets of models: Saturated diversity (models
1 and 2) and expanded diversity {models 3, 43, 4b, 4¢, 44, 5,
and 6). As recommmended by the author of the method, we
first selected the model with the lowest second-order Akaike's
Information Criterion in each subset {saturated vs. expanding
models). We then evaluated the relative probability of these
two models based of their Akaike weights. The relative prob-
abilities of two madels {f and k) were calculated as —#— and

. . S . wi -k
lwkw with wl {the wmodels [ Akake weight) as
W A
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exp(— A2
El

wi = and R the number of candidate models.

=

Feeeuar=1

This method can account for missing species. We therefore
used the number of described species (supplementary table
55, Supplernentary Material online) as the number of tips of
the phylogenies {N). When neither of the two relative prob-
ahilities obtained exceeded 0.6, we did not draw a conclusion
on this specific dade (referred as “nonsignificant” in supple-
mentary table $5, Supplementary Material online) and the
(between the best expanding ard saturating
model) was used (supplementary table S4, Supplementary
Mareriz] online). Statistical tests were performed (supplemen-
tary table $6, Supplernentary Material online) o compare the
four models, saturated {sat), hyper-expanding {exp+), ex-
panding (exp), and hypo-expanding {exp-), at the same
time {Kruskall-Wallis rank-sum test) and by pair {Wilcoxon
rank-suim test). Another test was performed {t-test) to com-
pare the means (described number of species and crown age)
berween the clades under hyper-expansion and the others
{(satuwated, hypo-expanding, and expanding). We confirmed
for all clades that the BD polytomy resolution did not change
the results, although a different model was selected for 3 of
the 58 clades (5%). This method was compurtationally unfea-
sible with the entire TTOL

xp{—Ar/2)

mean A

To test, in ancther way, for expansion (hyper-, constant-, and
hypo-} versus saturation of the diversification curve, we
evaluated the relationship between the ages of different
clades and their sizes {numbers of species) (Tomell 2013).
Under the saturated diversity model, no relationship should
be observed, in contrast to a positive relationship under
maodels of expanding diversity. For this test, we chose the
two best sampled groups, birds and mammals, and per-
formed comparative analyses on clades (all nonnested) of
genera {1,115 and 609 for birds and mammals respectively}
and families {153 and 113 for birds and rmammals, respec-
tively), accounting for phvlogeny {phylogenetic generalized
linear models) with the CAPER package {CUrme et ab 2013}
In one set of analvses, we used stem age and in another set,
crown age (supplementary table 57, Supplementary Material
online) was used.

the number of changes in diversibcation rate under a BD
maodel and to abtain estimates of the corresponding diversi-
fication rate (A—u) and the extinction fraction (u/A). To
analyze our eukaryote timetree, as well as the individual com-
ponent timetrees of birds and mammals, we used the greedy
approach, as described in Stadler {2011}, We estirnated rates
in 0.1 My steps between 2 and 70 Ma and in 10 My steps
between 2 and 3,500 My for eukaryotes. The BD shift model
{without mass extinction) was used and we obtained maxi-
mum-likelihood rate estimates for the different dara sets for
zero, one, two, three, four, five, six, and seven rate shifts,

The likelthood ratio test was used to select the best model
i each case at the 9%% level.

For the TTOL, we estimated node time uncertainty in both
the LTT curve and rate test by producing 500 replicates of the
TTOL sampling a time between the confidence intervals at
each node under a uniform distribution. These replicates were
then used in the TREEPAR analysis to estimate and test rate
change, with the uncertainty shown in fgure 4 and the
significant shifts by dme interval {20 My} shown in supple-
mentary table 58, Supplementary Material online.

Cur diversification resuits for birds are similar to an earlier
analysis {letz et al. 2012), with a strong increase in diversifica-
tion fram ~45 Ma to the present. The mammal results are
also generally similar to past mammal analyses in showing the
absence of any rate increase immediately after the end-
Cretaceous  extinctions  {(Bininda-fmonds et al 2007
Meredith st al 2011). We did not find a sharp mid-
Cenozoic increase in rate that was found in one other analysis
{Stadler 2011), although we determined that the cause of that
rate increase was from a pobvtomy in the mammal timetree
used in that study {(Stadier 2011); otherwise our results are
comparable.

For the bird tree (supplementary fig. S4g, Supplementary
Matarial online), the models with zero, one, twao, three, four,
and fve rate shifts are rejected in favor of a model with six
rate shifts (P < 0.05) (supplementary table $9, Supplementary
Material online). A model with six rate shifts is not rejected in
favor of a model with seven rate shifts (P = 0.091). The 6 shifts
are detected at 1, 34, 144, 482, 733, and 844 Ma
{supplementary table 510, Supplementary Matersl online).
The parameters obtained for the 6 shifts model between
73.3 and 482 Ma {A-—-p = 004058 and p/A = 0.0395) were
used 1o plot the confidence interval of the null distribution
(supplementary hg S4a, Supplementary Material online).

For the mammal tree (supplementary by S8b,
Supplementary Material online), the models with zero, one,
two, or three rate shifts are rejected in favor of 2 model with
four rate shifts (P<005) (supplemmentary teble 33
Supplementary Material online). A model with four rare
shifts is not rejected in favor of a model with five rate shifs
(P =0.123}. The 4 shifts are detected, at 2.1, 9.6, 42.4 and 105
Ma (supplernentary table 510, Supplementary  Material
online}. The parameters obtained for the 4 shifts model be-
tween 105 and 424 Ma (A—p =0.05186 and /i = 0.3528)
were used to plot the confidence interval of the null distri-
bution (supplernentary fig 54b, Supplementary Material
online}.

For the eukaryote tree (g 4), the models with zerc, one,
two, three, four, and five rate shifts are rejected in favor of a
model with six rate shifts (P < 0.05) {supplementary table §9,
Supplemnentary Materiad onling). A rhodel with six rate shifts is
not rejected in favor of a model with seven rate shifts
{P =0.055). Six shifts are thus detected at 1, 11, 21, 121, 14,1
and 151 Ma (supplementary table 510, Supplementary
Material online). The parameters obtained for the 6
shifts model between 2,100 and 151 Ma {A—p = 000307
and pfh = 09581) were used to plot the confidence interval
of the null distribution {fig. 4).
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In addition, we used the BAMMtcols package (Rabosky
2014) in order to detect the diversification rate differences
across lineages. The function “setBAMMpriors” was used to
generate a prior block that matched the “scale” {e.g, depth of
the tree) of our data. Both the speciation and the extinction
rare were allowed to vary through time and across lineages,
and 50,000,000 generations of MCMC simulation were per-
formed. The sampling fraction (0.02635422) was specified by
setting the “globalSamplingFraction” parameter. A burnin of
0.5 was applied and a diversification rate plot was obtained
with the function “plotRateThroughTime” (supplementary
fig. §3, Supplementary Material online).

In addition to our species-level TTOL data collection de-
scribed above, we collected a separate data set on TT5
from published molecdar timetrees that induded timed
nodes among populations and closely relared species of
three major groups: Vertebrates, arthropods, and plants
(supplementary tables 5171-513, Supplementary Material
oniine). To test the robustness of our approach for estimating
TTS, we used simulations. A BD tree was simulated using the
function "dmbdiaxa” (TreeSim in R).

Supplementary Material

Supplementary figures 5154, tables 51-513, and Materials
and  Merhods are available at Molecular  Biology and
Fvolution online (hitp/ fwwwinbeoxfordiournalsorg/).
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Amendments to the Claims:

Please cancel claims 1-30 without prejudice to continued examination, and please add

new claims 31-53 as follows. The claims and their status are shown below.

1-30. (Cancelled)

31. (New) A meat-like food product produced by a method comprising:
providing one or more plant proteins; and
combining, with the one or more plant proteins:
a source of a heme-containing protein, wherein the source of the heme-
containing protein comprises at least 60% of the heme-containing protein on a dry weight basis;
a compound selected from glucose, ribose, fructose, lactose, xylose,
arabinose, glucose-6-phosphate, maltose, and galactose, and mixtures of two or more thereof;
a compound selected from cysteine, cystine, thiamine, methionine, and
mixtures of two or more thereof in to a concentration of at least 1.5 mM; and
wherein cooking the meat-like food product results in the production of at least two

volatile compounds which have a meat-associated aroma.

32. (New) The meat-like food product of claim 31, wherein the one or more plant

proteins comprises a textured vegetable protein.

33. (New) The meat-like food product of claim 31, wherein the texture vegetable protein

is textured soy protein.

34. (New) The meat-like food product of claim 31, wherein the source of the heme-

containing protein comprises at least 70% of the heme-containing protein on a dry weight basis.

35. (New) The meat-like food product of claim 31, wherein the source of the heme-

containing protein comprises at least 80% of the heme-containing protein on a dry weight basis.
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36. (New) The meat-like food product of claim 31, wherein the heme-containing protein

is a globin.

37. (New) The meat-like food product of claim 31, wherein the heme-containing protein
comprises an amino acid sequence having at least 80% sequence identity to a polypeptide set

forth in SEQ ID NOs. 1-26.

38. (New) The meat-like food product of claim 31, wherein the glucose, ribose, fructose,
lactose, xylose, arabinose, glucose-6-phosphate, maltose, and galactose, or mixtures of two or

more thereof is added to a concentration of about 5.6 to about 20 mM.

39. (New) The meat-like food product of claim 31, wherein the cysteine, cystine,
thiamine, methionine, and mixtures of two or more thereof is added to a concentration of at least

10 mM.

40. (New) The meat-like food product of claim 31, wherein the cysteine is added to a

concentration of about 0.8 mM to about 10 mM.

41. (New) The meat-like food product of claim 31, wherein the thiamine is added to a

concentration of about 0.1 mM to about 2 mM.

42. (New) The meat-like food product of claim 31, further comprising adding one or
more of inosine, inosine monophosphate (IMP), guanosine, guanosine monophosphate (GMP),

and adenosine monophosphate (AMP).
43. (New) The meat-like food product of claim 31, further comprising adding one or

more of beta-carotene, alpha-tocopherol, cafteic acid, propyl gallate, and epigallocatechin

gallate.
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44. (New) The meat-like food product of claim 31, further comprising adding one or
more of a vegetable oil, an algal oil, sunflower oil, corn oil, soybean oil, palm fruit oil, palm
kernel oil, safflower oil, flaxseed oil, rice bran oil, cottonseed oil, olive oil, canola oil, flaxseed

oil, coconut oil, and mango oil.

45. (New) The meat-like food product of claim 31, further comprising adding one or
more of acetic acid, lactic acid, glycolic acid, citric acid, succinic acid, tartaric acid, caprylic
acid, capric acid, lauric acid, myristic acid, palmitic acid, palmitoleic acid, stearic acid, oleic
acid, linoleic acid, alpha linolenic acid, gamma linolenic acid, arachidic acid, arachidonic acid,

behenic acid, and erucic acid.

46. (New) The meat-like food product of claim 31, wherein cooking comprises heating

the meat-like food product at 150°C for about 3 to about 5 minutes.

47. (New) The meat-like food product of claim 31, wherein the meat-like food product

has a pink to red color before cooking to indicate a raw or uncooked state.

48. (New) The meat-like food product of claim 31, wherein at least a portion of the
meat-like food product, upon cooking, transitions in color from a pink to red color in a raw or

uncooked state to a lighter pink to brown color in a partially cooked to fully cooked state.

49. (New) The meat-like food product of claim 31, wherein cooking the meat-like food
product results in the production of at least five volatile compounds which have a meat-

associated aroma.
50. (New) The meat-like food product of claim 31, wherein cooking the meat-like food

product results in the production of at least ten volatile compounds which have a meat-associated

aroma.
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51. (New) The meat-like food product of claim 31, wherein cooking the meat-like food
product results in the production of at least twenty volatile compounds which have a meat-

associated aroma.

52. (New) The meat-like food product of claim 31, wherein the at least two volatile
compounds are selected from 2-methyl-furan, bis(2-methyl-3-furyl)disulfide, 2-pentyl- furan,
3,3 -dithiobis-2-methyl-furan, 2,5-dimethyl-pyrazine, 2-methyl-3-furanthiol, dihydro-3- (2H)-
thiophenone, 5-methyl-2-thiophenecarboxaldehyde, 3-methyl-2-thiophenecarboxaldehyde, 2-
methyl-thiazole, dimethyl sulfide, decanal, 5-ethyldihydro-2(3H)-furanone, dihydro-5-pentyl-

2(3H)-furanone, 2-octanone, 3,5-octadien-2-one, p-Cresol, and hexanoic acid.

53. (New) The meat-like food product of claim 31, wherein the at least two volatile

compounds are 2-methyl-furan and bis(2-methyl-3-furyl)disulfide.
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REMARKS

Claims 1-30 have been canceled without prejudice, and new claims 31-53 have been
added. Support for these amendments is found throughout the original specification, based at

least on the disclosure cited below in Table 1.

Table 1

Claim Claim Language Representative support in application
as filed

page 4, lines 9-10; page 9, lines 5-7,
page 28, line 26 - page 29, line 8;
31 | “meat-like food product” page 43, line 2 - page 50 (Example
10); page 59, line 3 - page 62, line 1
(Example 12)

“one or more plant proteins” Example 1, page 30, lines 6-8 (e.g.,

Table 4)
“a source of a heme-containing protein” page 17, lines 14-20
“the source of the heme-containing protein
comprises at least 60% of the heme-containing page 17, lines 18-22

protein on a dry weight basis”

page 11, lines 23-27; page 12 (Table
1, row 1); Example 1 (e.g., page 29,
lines 15-17); Example 4 (e.g., page

35, lines 3-11); Example 5 (e.g., page

“a compound selected from glucose, ribose, 38, lines 8-10); Example 6 (e.g., page
fructose, lactose, xylose, arabinose, glucose-6- 39, lines 4-6); Example 7 (e.g., page
phosphate, maltose, and galactose, and mixtures 39, lines 28-30); Example 8 (e.g.,
of two or more thereof” page 40, lines 20-21); Example 9

(e.g., page 41, lines 13-17); Example
10 (e.g., page 43, lines 7-10);
Example 11 (e.g., page 53, lines 12-
14 and Table 13)

page 12 (Table 1, rows 4 and 6);
Example 1 (e.g., page 29, lines 15-
17); Example 4 (e.g., page 35, lines

3-11); Example 5 (e.g., page 38, lines

8-10); Example 6 (e.g., page 39, lines

4-6); Example 7 (e.g., page 39, lines
28-30); Example 8 (e.g., page 40,

“a compound selected from cysteine, cystine,
thiamine, methionine, and mixtures of two or
more thereof in to a concentration of at least 1.5
mM”
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lines 20-21); Example 9 (e.g., page
41 lines 13-17); Example 10 (e.g.,
page 43, lines 7-10); Example 11
(e.g., page 53, lines 12-14 and Table
13)

“cooking the meat-like food product results in
the production of at least two volatile
compounds”

page 21 — page 25, line 7; page 36-38
(Table 8)

“which have a meat-associated aroma”

page 19, line 23 — page 20, line 1;
Tables 2, 7 and 11

32 | “textured vegetable protein” page 26, line 21
33 | “textured soy protein” page 26, line 22
“the source of the heme-containing protein
34 | comprises at least 70% of the heme-containing page 17, lines 18-22
protein on a dry weight basis”
“the source of the heme-containing protein
35 | comprises at least 80% of the heme-containing page 17, lines 18-22
protein on a dry weight basis”
36 | “the heme-containing protein is a globin” page 13, lines 157_12(}’ page 14, lines
“the heme-containing protein comprises an
amino acid sequence having at least 80% . )
37 sequence idenctlity toa polyf)%eptide set forth in page 15, line 10 — page 16, line 2
SEQ ID NOs. 1-26”
“the glucose, ribose, fructose, lactose, xylose,
arabinose, glucose-6-phosphate, maltose, and page 29, lines 15-17: Table 7: page
38 galactose, and mixtures of two or more thereof 35 lines 3-11 Table 13
is added to a concentration of about 5.6 to about ’ ’
20 mM”
page 12 (Table 1, rows 4 and 6);
Example 1 (e.g., page 29, lines 15-
17); Example 4 (e.g., page 35, lines
3-11); Example 5 (e.g., page 38, lines
“the cysteine, cystine, thiamine, methionine, 8_10?’ Example 6 (e.g, page 39, !mes
39 | and mixtures of two or more thereof is added to 4-6); Exgmple 7 (e.g., page 39, lines
a concentration of at least 10 mM” 28-30); Example 8 (e.g, page 40,
lines 20-21); Example 9 (e.g., page
41 lines 13-17); Example 10 (e.g.,
page 43, lines 7-10); Example 11
(e.g., page 53, lines 12-14 and Table
13)
40 “the cysteine is added to a concentration of page 29, lines 15-17; Table 7; page
about 0.8 mM to about 10 mM” 42, line 9; Table 13
41 | “the thiamine is added to a concentration of page 29, lines 15-17; Table 7; page
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about 0.1 mM to about 2 mM”

42 line 10; Table 13

42

“inosine, inosine monophosphate (IMP),
guanosine, guanosine monophosphate (GMP),
and adenosine monophosphate (AMP)”

page 12 (Table 1, row 5)

43

“beta-carotene, alpha-tocopherol, caffeic acid,
propyl gallate, and epigallocatechin gallate”

page 25, lines 29-30

44

“a vegetable oil, an algal oil, sunflower oil, corn
oil, soybean oil, palm fruit oil, palm kernel oil,
safflower oil, flaxseed oil, rice bran oil,
cottonseed oil, olive oil, canola oil, flaxseed oil,
coconut oil, and mango oil”

page 3, lines 28-30

45

“acetic acid, lactic acid, glycolic acid, citric
acid, succinic acid, tartaric acid, caprylic acid,
capric acid, lauric acid, myristic acid, palmitic
acid, palmitoleic acid, stearic acid, oleic acid,
linoleic acid, alpha linolenic acid, gamma
linolenic acid, arachidic acid, arachidonic acid
behenic acid, and erucic acid”

2

Page 12, Table 1 (row 3)

46

“cooking comprises heating the meat-like food
product at 150°C for about 3 to about 5
minutes”

page 29, line 21; page 35, lines 3-11

47

“a pink to red color before cooking to indicate a
raw or uncooked state”

page 4, lines 6-16; page 28, lines 8-
12

48

“upon cooking, transitions in color from a pink
to red color in a raw or uncooked state to a
lighter pink to brown color in a partially cooked
to fully cooked state”

page 4, lines 6-16; page 28, lines 8-
12

49

“cooking the meat-like food product results in
the production of at least five volatile
compounds”

page 21 — page 25, line 7; page 36-38
(Table 8)

50

“cooking the meat-like food product results in
the production of at least ten volatile
compounds”

page 21 — page 25, line 7; page 36-38
(Table 8)

51

“cooking the meat-like food product results in
the production of at least twenty volatile
compounds”

page 21 — page 25, line 7; page 36-38
(Table 8)

52

“at least two volatile compounds are selected
from 2-methyl-furan, bis(2-methyl-3-
furyl)disulfide, 2-pentyl-furan, 3,3’-dithiobis-2-
methyl-furan, 2,5-dimethyl-pyrazine, 2-methyl-
3-furanthiol, dihydro-3-(2H)-thiophenone, 5-
methyl-2-thiophenecarboxaldehyde, 3-methyl-
2-thiophenecarboxaldehyde, 2-methyl-thiazole,
dimethyl sulfide, decanal, 5-ethyldihydro-

Tables 3, 8,9, 12 and 14
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Page : 90f9

2(3H)-furanone, dihydro-5-pentyl-2(3H)-
furanone, 2-octanone, 3,5-octadien-2-one, p-
Cresol, and hexanoic acid”

“ wherein the at least two volatile compounds
53 | are 2-methyl-furan and bis(2-methyl-3- Tables 3, 8,9, 12 and 14
furyl)disulfide”

No new matter has been added.

A number of Declarations under 37 CFR § 1.132, which were previously filed in U.S.
Application No. 14/797,006, now issued as U.S. Patent No. 9,800,067, were filed with the
application as Exhibits 1-7.

Applicant asks that all claims be examined in view of the amendments herein.

The fees in the amount of $200 for excess claims fees will be paid to Deposit Account
No. 06-1050. Ifthis is incorrect, please apply any additional charges, or credits, to Deposit
Account No. 06-1050, referencing the above-indicated Attorney Docket Number.

Respectfully submitted,

Date: /March 13, 2018/ /M. Angela Parsons/

M. Angela Parsons, Ph.D.
Reg. No. 44,282

Customer Number 26191
Fish & Richardson P.C.
Telephone: (612)335-5070
Facsimile: (877) 769-7945

61644821.doc
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Rachel Fraser
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26191
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Filer Authorized By:

M. Angela Parsons

Attorney Docket Number:
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Payment Type DA
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RAM confirmation Number

031318INTEFSW00009468061050

Deposit Account
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The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:
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Number Message Digest | Part/.zip| (ifappl.)
89855
1 PreliminaryAmendment.pdf yes 9
c36a77c7%ab1128ae4f221c7efaBd22a2a69]
543
Multipart Description/PDF files in .zip description
Document Description Start End
Preliminary Amendment 1 1
Claims 2 5
Applicant Arguments/Remarks Made in an Amendment 6 9
Warnings:
Information:
30509
2 Fee Worksheet (SB06) fee-info.pdf no 2
b3a4cb0212e4326019c6463093dfdf27adb)
04f7c
Warnings:
Information:
Total Files Size (in bytes): 120364
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U.S. Patent No. 11,224,241

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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First Named Inventor : Rachel Fraser Art Unit - Unknown
Serial No. . 15/913,090 Examiner - Unknown
Filed : March 06, 2018

Title . METHODS AND COMPOSITIONS FOR AFFECTING THE

FLAVOR AND AROMA PROFILE OF CONSUMABLES

MAIL STOP AMENDMENT
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Please consider the references listed on the enclosed PTO-1449 Form. Foreign patent
documents and non-patent literature are enclosed; U.S. patents and patent application
publications will be provided upon request.

Under 35 U.S.C. § 120, this application relies on the earlier filing date of U.S.
Application Number 15/398,479, filed on January 04, 2017. The references corresponding to
Desig. ID Nos. 47, 52, 117, 118, 158, 163, 175, 213, 260, 261, 345, 359, 360,361, 404 and 417
have not been considered in the prior application and copies are enclosed herewith. All other
references listed on the enclosed PTO-1449 were submitted to and/or cited by the Office in the
earlier-filed application, and copies of those references are nof provided in this application.

This statement is being filed before receipt of a first Office Action on the merits.
Therefore, no fees are believed due. If this is incorrect, please apply any charges, or credits, to
Deposit Account No. 06-1050, referencing the above-indicated Attorney Docket Number.

Please contact the undersigned if there are any questions regarding this statement.

Respectfully submitted,

Date: /March 13, 2018/ /M. Angela Parsons/

M. Angela Parsons, Ph.D.
Reg. No. 44,282

Customer Number 26191
Fish & Richardson P.C.
Telephone: (612)335-5070
Facsimile: (877) 769-7945

61645028.doc
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723£359944dff, 1 page (Video Submission)
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"Veggic burgers that look, taste, and bleed like real meat," CBS News, August 9, 2016, retrieved
200. August 25, 2016 <http://www.cbsnews.com/news/food-trend-veggic-burgers-that-look-bleed-taste-
like-real-meat/>, 4 pages

"Watch Momofuku Cook Impossible Foods' Plant-Based Burger that 'Bleeds'," Vice, July 27, 2016,
201. retrieved August 25, 2016, <https://munchies.vice.com/en/videos/watch-momofuku-cook-
impossible-foods-plant-based-burger-that-bleeds>, 3 pages

“Acidified Milk Products and Protein Stabilisation,” Herbstreith & Fox, retrieved on 3/3/2014,
202. http://www.herbstreith-fox.de/en/informative-literature/informative-literature-from-rd-and-tech-
application. html, 15 pages

“Ice Cream and Ice Cream Desserts,” Herbstreith & Fox, retrieved on 3/3/2014,
203. http://www.herbstreith-fox.de/en/informative-literature/informative-literature-from-rd-and-tech-
application.html, 5 pages

“Innovation at Its Best: 5 Years of Food Valley Awards,” Food Valley, retrieved on 3/7/2014,
204, http://www.foodvalley.nl/English/Afbeeldingen/FV Ajubileumuitgave/Innovation%e20at%201ts%20B
©5t%20-%205%20Y ears%200f%20F00d%20Valley%20 Awards.pdf, 51 pages

“Low Methylester Amidated Pectins,” Herbstreith & Fox, retrieved on 3/3/2014,
205. http://www.herbstreith-fox.de/en/informative-literature/informative-literature-from-rd-and-tech-
application. html, 13 pages

“Stabilisation of Whey and Whey Mix Products with Pectin,” Herbstreith & Fox, retrieved on
206. 3/3/2014, http://www herbstreith-fox.de/en/informative-literature/informative-literature-from-rd-
and-tech-application.html, 6 Pages

“Texturising of Fermented Milk Products,” Herbstreith & Fox, retrieved on 3/3/2014,
207. http://www.herbstreith-fox.de/en/informative-literature/informative-literature-from-rd-and-tech-
application.html, 6 pages

Asgar et al., "Nonmeat Protein Alternatives as Meat Extenders and Meat Analogs," Comprehensive

208. Reviews in Food Science and Food Safety, 2010, 9:513-529
Aubrey, "Food For Thought: Saving The Planet, One Burger At A Time: This Juicy Patty Is Meat-
209 Free," The Salt, February 11, 2017, retrieved on February 14, 2017, retrieved from
’ <http://www.npr.org/sections/thesalt/2017/02/11/514544431/saving-the-planet-one-burger-at-a-
time-this-juicy-patty-is-meat-free>, 14 pages
210 Australian Patent Examination Report No. 1 in Australian Application No. 2012281064, dated
) January 25, 2016, 5 pages
Australian Patent Examination Report No. 1 in Australian Application No. 2012281069, dated
211.
September 25, 2015, 5 pages
Back, “Process Flavors,” Handbook of Meat, Poultry and Seafood Quality, Second Edition, 2012,
212.
Chapter 7, 91-104
13 Bastide et al., "Heme Iron from Meat and Risk of Colorecttal Cancer: A Meta-analysis and a Review
) of the Mechanisms Involved," Cancer Prevention Research, 2011, Vol. 4, pp 177-184
214 Battaglia et al., “The Enigmatic LEA Proteins and Other HydroPhilins1[W],” Plant Physiology,

September 2008, 148:6-24

215. Belitz et al., "Aroma Compounds," Food Chemistry, Springer 2009, pp. 340-402
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216. Belitz et al., Food Chemistry, 3rd revised edition. Springer-Verlag, Berlin (2006), p. 368

Beuchat et al., "Fermentation of Peanut Milk with Lactobacillus bulgaricus and L. acidophilus," J.

217, Food Sci, 1978, 43:1109-1112

Beyond Better Order page and Nutritional Facts, retrieved on 2/6/2014, http://www beyond-

218. better.com/order. html, 8 pages

219. Beyond Meat, posted on or before 2/24/2001, accessed 1/7/2014, http://beyondmeat.com/, 2 pages

Boca Bruschetta Tomato Basil Parmesan Veggie Patties Package Ingredients, posted on or before
220. 7/22/2008, accessed on 1/7/2014, http://www bocaburger.com/products/nutrition-
info.aspx?product=5928360103, 1 page

Boca Flame Grilled Meatless Burgers Package Ingredients, posted on or before 7/14/2008, accessed

221. on 1/7/2014, http://www bocaburger.com/products/nutrition-info.aspx?product=5928367321, 1 page

Boca Original Meatless Chik’n Nuggets Package Ingredients, posted on or before7/22/2008,
222. accessed 1/7/2014, http://www .bocaburger.com/products/nutrition-info.aspx?product=5928360012,

1 page

Boca Original Vegan Meatless Burgers Package Ingredients, posted on or before 7/14/2008,
223. accessed 1/7/2014, http://www .bocaburger.com/products/nutrition-info.aspx?product=5928333445,

1 page

Boral and Bohidar , “Effect Of Ionic Strength On Surface-Selective Patch Binding-Induced Phase
224, Separation And Coacervation In Similarly Charged Gelatin-Agar Molecular Systems,” Journal of
Physical Chemistry B, 2010, 114(37): 12027-35

Bradshaw, “Food 2.0: the future of what we eat,” FT Magazine, October 31, 2014, retrieved on
225. 11/11/2014, http://www.ft.com/cms/s/2/bfacfca0-5fbb-11e¢4-8c27-
00144fcabdc0.html#axzz3InGaCIdL, 6 pages

Brewer, "The Chemistry of Beef Flavor," December, 2006, retrieved on August 30, 2016,
226. <http://beefresearch.org/CMDocs/BeefResearch/The%20Chemistry%200f%20Beef%20Flavor.pdf>,
16 pages

Brooks et al., "Prediction of beef flavor by precursor and volatile compounds Principal Investigators:
Funded by The Beef Checkoff," Texas Tech University, May 31, 2012, retrieved August 30, 2016,

227. <http://www .beefresearch.org/CMDocs/BeefResearch/PE_Project Summaries FY 11Prediction of
beef flavor.pdf>
278 Bunge et al., "Quest Heats up for Alternatives to Beef," The Wall Street Journal, Business News,

November 4, 2016, page BS

229. Burdock, "Fenaroli's handbook of flavor ingredients," CRC press, 17 pages (2016)

Bute Island Foods, “Cheese,” posted on or before 12/5/2006, retrieved on 2/6/2014,

230. http://www.buteisland.com/a_sheese _home.htm, 2 pages

Cadwallader and Macleod, "16 Instrumental methods for analyzing the flavor of muscle foods,"

231. Flavor of Meat, Meat Products and Seafoods, 18 pages (1998)

232. Calkins et al., "A fresh look at meat flavor," Meat Science, 77(1):63-80 (2007)

Cerny et al., "Formation of Aroma Compounds from Ribose and Cysteine during the Maillard

233. Reaction," J. Agric. Food Chem., 2003, 51, pp. 2714-2721
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Chamlee, "Why Do People Want Veggie Burgers That Bleed?," Eater, July 25, 2016, retrieved
234, August 25, 2016, <http://www.eater.com/2016/7/25/12270698/1ab-grown-meat-beyond-burger-
impossible-foods>, 11 pages

Chau, "Uncanny Patty," The Ringer, February 27, 2017, retrieved on February 28, 2017, retrieved
235. | from <https://theringer.com/impossible-burger-last-meal-on-earth-week-food-
f9f14acdb99d#.vocb2hi6e>, 19 pages

236. Chaudhari et al., "The cell biology of taste," 190(3):285-296 (August 2010)

Chen et al., "Effect of Urea on Volatile Generation from Maillard Reaction of Cysteine and Ribose,"

237, J. Agric. Food Chem., 48:3512-3516 (2000)
38 Chen etal, "Inﬂuepce of DNA on Volati.le Generaﬁon from Maillard Reaction of Cysteine and

" | Ribose," Nutraceutical Beverages, American Chemical Society, pp. 427-442 (December 2003)
239, Chicago Vegan Foods, accessed on 1/7/2014, http://chicagoveganfoods.com/products/teese-vegan-

cheese/, 8 pages

Clare et al., "Effects of Transglutaminase Catalysis on the Functional and Immunoglobulin Binding
240. Properties of Peanut Flour Dispersions Containing Casein," J. Agric. Food Chem., 2008,
56(22):10913-10921

241. Connelly and Piper, “Person of the Year: Tal Ronnen,” VegNews, November/December 2013, 29-32

Cott et al., "The 'Impossible’ Veggic Burger: A Tech Industry Answer to the Big Mac," Business
Day, January 13, 2017, retrieved on 01/17/2017,
<https://mobile.nytimes.com/2017/01/13/business/veggie-burger-impossible-

burger html?referer=http://www.drudgereport.com/>, 7 pages

242.

Dai, "David Chang Adds Plant Based Tmpossible Burger' to Nishi Menu," July 26, 2016, retrieved
243. July 27, 2016 <http://ny.eater.com/2016/7/26/12277310/david-chang-impossible-burger-nishi>, 6

pages

Daiya, Deliciously Dairy Free, “Say Cheese, Dairy-Free cheesy deliciousness,” posted on or before

244. 1/26/2010, accessed 1/7/2014, http://www .daiyafoods.com, 6 pages

245 Davis et al., "Some Rheological Properties of Aqueous Peanut Flour Dispersions," J. Texture
) Studies, 2007, 38:253-272

246 Deliciously Healthy Nacheez, Products and Nutrition Facts, posted on or before 1/23/2011, retrieved
) on 2/7/2014, http://nacheez.com/, 9 pages

247, Dixie Diner’s Club, Cheese (Not!) Sauce Nutrition Facts, posted on or before 9/3/2009, retrieved on

2/7/2014, http://www.dixiediner.com/cheese-notA™-sauce-regular-cheese-p-69.html, 2 pages

D'Onfro, "I tried the plant-based meat that Google wanted to buy and I never want to eat a 'real'
248. hamburger again" Business Insider, June 12, 2016, retrieved June 14, 2016,
<http://www .businessinsider.com/impossible-burgers-taste-test-2016-6>, 14 pages

Donnelly, "Meet the Impossible Burger: It Looks and Tastes Like the Real Thing But Is Totally
249. Meat-Free," Vogue, August 1, 2016, retrieved August 25, 2016
<http://www.vogue.com/13462891/impossible-burger-meat-free-vegan-david-chang/>, 6 pages
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Dr. Cow, Natural Living & Organic Foods, “Aged Cashew & Brazil Nut Cheese,” posted on or
251. before 9/22/2008, accessed 2/7/2014, http://www.dr-cow.com/products/aged-cashew-brazil. html, 1
page
Dr. Cow, Natural Living & Organic Foods, “Aged Cashew & Crystal Algac Cheese,” posted on or
252. before 9/22/2008, accessed 2/7/2014, http://www.dr-cow.com/products/aged-cashew-crystal. html, 1
page
253 Dr. Cow, Natural Living & Organic Foods, “Aged Cashew & Dulse Cheese,” posted on or before
) 9/22/2008, accessed 2/7/2014, http://www.dr-cow.com/products/aged-cashew-dulse.html, 1 page
Dr. Cow, Natural Living & Organic Foods, “Aged Cashew & Hemp Seeds Cheese,” posted on or
254, before 9/22/2008, accessed 2/7/2014, http://www.dr-cow.com/products/aged-cashew-hemp. html, 1
page
Dr. Cow, Natural Living & Organic Foods, “Aged Cashew Nut Cheese,” posted on or before
255. 9/22/2008, accessed 2/7/2014, http://www.dr-cow.com/products/aged-cashew-nut-cheese. html, 1
page
Dr. Cow, Natural Living & Organic Foods, “Aged Macadamia & Hemp Seeds Cheese,” posted on or
256. before 9/22/2008, accessed 2/7/2014, http://www.dr-cow.com/products/aged-macadam-hemp.html,
1 page
Dr. Cow, Natural Living & Organic Foods, “Aged Macadamia Nut Cheese,” posted on or before
257. 9/22/2008, accessed 2/7/2014, http://www.dr-cow.com/products/aged-macadam-nut-cheese. html, 1
page
Dr. Cow, Natural Living & Organic Foods, “Cashew Nut Cream Cheese,” posted on or before
258. 9/22/2008, accessed 1/7/2014, http://www.dr-cow.com/products/cashew-nut-cream-cheese.html, 1
page
259 Duane, “Engineering the Future of Artisanal Vegan Cheese,” Food & Wine, November 2013,
) http://www.foodandwine.com/articles/engineering-the-future-of-artisanal-vegan-cheese, 5 pages
260. DuFosse et al., "Importance of lactones in food flavours," Sciences Des Aliments, 14:17-25 (1994)
Elise, "Classic Meatloaf Recipe," Simply Recipes, 2009,
261. https://web.archive.org/web/20090518183257/http://
www.simplyrecipes.com/recipes/classic meatloaf, downloaded 22 November 2017, 11 pages
262 Ellis et al., "Structure of ferric soybean leghemoglobin a nicotinate at 2.3 A resolution," Acta
) Crystallographica, May 1997, Section D, 53(3):302-310
263 Elmore et al., "Effect of the Polyunsaturated Fatty Acid Composition of Beef Muscle on the Profile
) of Aroma Volatiles," J. Agric. Food Chem. 47:1619-1625 (1999)
Etienne, "Eating the plant-derived Impossible Burger cooked by Momofuku's David Chang," Tech
264. Crunch, July 26, 2016, retrieved August 25, 2016, <https://techcrunch.com/2016/07/26/cating-the-
plant-derived-impossible-burger-cooked-by-momofukus-david-chang/>, 9 pages
265 European Search Report (Supplementary) in European Application No. 12810661.4, dated March
) 12, 2015, 14 pages
266 European Search Report (Supplementary) in European Application No. 12811683.7, dated March
) 12, 2015, 9 pages
267 European Search Report for International Application No. EP 14737766, dated July 15, 2016, 11

pages
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268 Fang et al., "Food Nutrition health theory and technology," China light industry press, p. 448,
) January 31, 1997 (English Translation)

Fantastic World Foods, “Fantastic Foods Nature’s Burger (Meatless Burger Mix),” posted on or
269. before 1/6/2009, accessed on 1/7/2014,
http://fantasticfoods.clsstore.com/view/product/?id=8715&cid=1967, 2 pages

Felt, "Raw Vegan Almond Ricotta Cheese," FeedYourSkull, March 12, 2012,

270. https://Afeedyourskull.com/2012/03/12/raw-vegan-almond-ricotta-cheese/, 15 pages

271 Field et al., "Heme Pigment Content of Bovine Hemopoictic Marrow and Muscle," J. Food Sci.,
' 45:1109-1112, 1980

277 Follow Your Heart Homepage, posted on or before 11/28/1999, accessed 1/7/2014,
) http://www.followyourheart.com, 3 pages

73 Follow Your Heart, Products and Nutrition Facts, posted on or before 11/28/1999, accessed
) 2/7/2014, http://www followyourheart.com/products/, 26 pages

274 Foo, "Beef and Scallop Stir-Fry," Food & Wine, July 2001, retrieved on 9/10/2015,
) http://www.foodandwine.com/recipes/beef-and-scallop-stir-fry/print, 3 pages

275 Food for Lovers, Vegan Queso Original & Vegan Queso Mild, posted on or before 10/27/2011,
) retrieved 2/7/2014, http.//www foodforlovers.com/products, 3 pages

276 Fourth Chinese Office Action in Chinese Application No. 201280041713.1, dated 11/11/2016, 18

pages (with translation)

Free & Easy Dairy Free Cheese Flavour Sauce Mix, Holland & Barrett, posted on or before
277. | 6/22/2013, retrieved 2/7/2014,
http://www.hollandandbarrett.com/pages/product _detail.asp?pid=2686, 2 pages

Fromson, "The Race to Build a Fake-Meat Burger That Just Might Save the World, Free the cows!"

278. New York Magazine, June 1-7, 2015, 46-48

Galaxy Foods Vegan Soy Grated Parmesan, ShopRite, retrieved 2/7/2014,
279. http://www.shoprite.com/pd/Galaxy-Nutritional-Foods/Vegan-Grated-Soy-Topping-Parmesan-
Flavor/4-0z/077172640006/, 6 pages

Gardein The Ultimate Beefless Burger Package Ingredients, posted on or before 2013, accessed

280. 1/7/2014, http://gardein.com/products/becfless-burger/, 12 pages

Gardenburger The Original Veggie Burger Package Ingredients, posted on or before 10/5/2008,

281. accessed 1/7/2014, http://www.gardenburger.com/product.aspx?id=11630, 1 page

282. GenBank Accession No. AFK42304.1, "unknown [Medicago truncatula], May 25, 2012, 1 page

283. GenBank Accession No. AAA02168.1, May 21, 1993, 1 page

GHARST, "Biochemical and Rheological Characteristics of Peanut Proteins Crosslinked with
284. | Microbial Transglutaminase," A dissertation submitted to the Graduate Faculty of North Carolina
State University, Raleigh NC, 2007, 149 pages

Gharst, "Effects of Transglutaminase Catalysis on the Functional and Immunoglobulin Binding
285. Properties of Peanut Flour Dispersions Containing Casein," J. Agric. Food Chem., 2008, 56:10913-
10921

Gharst, "The Effect of Transglutaminase Crosslinking on the Rheological Characteristics of Heated

286. Peanut Flour Dispersions," J. Food Sci., 2007, 72(7):C369-C375
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Gilbert et al., "The revolutionary meatless burger from Impossible Foods is perfect for vegetarians
287. and carnivores alike," Tech Insider, August 4, 2016, retrieved on August 25, 2016,
<http://www.techinsider.io/the-impossible-foods-burger-review-vegetarian-2016-8>, 9 pages
788 Go Veggie!, “O% Dairy. 100% Yum.,” posted on or before 2013, accessed 1/7/2014,
) http://goveggiefoods.com/our-products/dairy-free-cheese-alternative-products/, 1 page
789 Go Veggie!, Dairy Free Products and Nutrition Facts, posted on or before 2013, accessed 2/7/2014,
) http://goveggiefoods.com/our-products/dairy-free-cheese-alternative-products/, 13 pages
Gordinier, “Masters of Disguise Among Meatless Burgers,” The New York Times, 3/22/2011,
290. accessed 1/7/2014,
http://www.nytimes.com/2011/03/23/dining/23meatless. html?pagewanted=all& r=0, 5 pages
291 Griffths, "XCIII. The Action of Gastric Juice on Beef Muscle-Globulin, With References to
) Anaemia," Biochemistry Journal, 28:671-675 (1934)
Grigorakis et al., "Organoleptic and volatile aroma compounds comparison of wild and cultured
292. gilthead sea bream (Sparus aurata). sensory differences and possible chemical basis," Aquaculture
225:109-119 (2003)
Grobart, "Making a Steak Without a Cow," Bloomberg Technology, June 21, 2016, retrieved June
293. 23, 2016 <http://www.bloomberg.com/news/articles/2016-06-2 1/making-a-steak-without-the-cow>,
2 pages
294 Grosch, "Evaluation of the Key Odorants of Food by Dilution Experiments, Aroma Models and
] Omission," Chem. Senses 26:533-545 (June 2001)
Hanlon, “Fake Meat: is science fiction on the verge of becoming fact?,” The Guardian, June 22,
295. 2012, http://www.theguardian.com/science/2012/jun/22/fake-meat-scientific-breakthroughs-
research, 7 pages
296 Hannah, "A fermented feast," Bittersweet, retriecved on November 3, 2016, retrieved from
) <https://bittersweetblog.com/2010/06/09/a-fermented-feast/>, 2 pages
297 Heller, "Barbecued Soybeans," Vegetarian Soybean Recipes, Mother Earth News, January/February
) 1985, http://motherearthnews.com/real-food/vegetarian-soybean-recipes-zmaz85asic.aspx
298 Heme Protein Database, “Welcome to the Heme Protein Database,” posted on or before 4/14/2013,
) accessed 12/18/2013, http://hemeprotein.info/heme.php, 1 page
Heritage Health Food Creamy Veeta Cheese Sauce Mix, Vegan Essentials, posted on or before
299. 8/13/2013, retrieved 2/7/2014, http://store.veganessentials.com/creamy-veeta-cheeze-sauce-mix-by-
heritage-health-food-p3945.aspx, 1 page
Herper, "Mission Impossible Burger: Tasting The Fake Meat That Wants To Save The World,"
300 Forbes, July 28, 2016, retrieved on August 25, 2016,
‘ <http://www forbes.com/sites/matthewherper/2016/07/28/mission-impossible-burger-tasting-the-
fake-meat-that-wants-to-save-the-world/#57781d823¢43>, 6 pages
Herper, “Drop that Burger,” Forbes Online, November 12, 2009,
301. http://www.forbes.com/forbes/2009/1130/thought-leaders-mcdonalds-global-warming-drop-that-
burger.html, 4 pages
300 Homma et al. “Cheese-like food production from various nuts,” Food Preservation Science, Japan

2009, ABSTRACT

Examiner Signature

Date Considered

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.

Substitute Disclosure Form

Motif Exhibit 1150, Page 470 of 1599




Case No.: IPR2023-00207
U.S. Patent No. 11,224,241

Sheet _15 of _21

Substitute Disclosure Form U.S. Department of Commerce | Attorney Docket No. Application No.
Patent and Trademark Office | 38767-0015008 15/913.090
2
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.
(Use several sheets if necessary) Filing Date Group Art Unit
(37 CFR §1.98(b)) March 06, 2018

Other Documents (include Author, Title, Date, and Place of Publication)

Examiner | Desig.
Initial ID Document

Hoshaw, "Silicon Valley's Bloody Plant Burger Smells, Tastes and Sizzles Like Meat" the salt, June
21, 2016, retrieved June 21, 2016
<http://www.npr.org/sections/thesalt/2016/06/21/482322571/silicon-valley-s-bloody-plant-burger-
smells-tastes-and-sizzles-like-meat>, 8 pages

303.

Hui et al., "Handbook of meat and meat processing," CRC Press, 2012, retrieved on December 05,
304. 2016, retrieved from <https://www.crcpress.com/Handbook-of-Meat-and-Meat-Processing-Second-
Edition/Hui/p/book/9781439836835>, 3 pages

International Preliminary Report on Patentability in International Application No.

303. PCT/US2014/011361, dated July 14, 2015, 13 pages
306 International Preliminary Report on Patentability in International Application No. PCT/US
© | 2012/046560, mailed 1/23/2014, 12 pages
307 International Preliminary Report on Patentability in International Application No. PCT/US
© | 2012/46552, mailed 1/23/2014, 9 pages
International Preliminary Report on Patentability in International Application No. PCT/US14/11347,
308.
dated July 14, 2015, 10 pages
309 International Preliminary Report on Patentability in International Application No. PCT/US14/11362,
' dated July 23, 2015, 10 pages
310 International Search Report and Written Opinion in International Application No. PCT/US
© | 2012/046560, mailed 12/14/2012, 11 pages
311 International Search Report and Written Opinion in International Application No. PCT/US
© | 2012/46552, mailed 11/19/2012, 12 pages
International Search Report and Written Opinion in International Application No. PCT/US14/11347,
312.
dated July 3, 2014, 20 pages
International Search Report and Written Opinion in International Application No. PCT/US14/11361,
313.
dated June 16, 2014, 26 pages
International Search Report and Written Opinion in International Application No. PCT/US14/11362,
314.
dated June 13, 2014, 19 pages
315 International Search Report and Written Opinion in International Application No.
"~ | PCT/US2015/017147, dated May 01, 2015, 15 pages
316 International Search Report and Written Opinion in International Application No.
) PCT/US2015/023679, dated August 28, 2015, 26 pages
317 Invitation to Pay Fees in International Application No. PCT/US14/11361, dated April 10, 2014, 4

pages

Jamieson, "Iroquois Stew with Beef, Chicken and Pork," Epicurious, November 1995, retrieved on
318. 9/10/2015, http://www epicurious.com/recipes/food/printerfriendly/iroquois-stew-with-beef-
chicken-and-pork-865, 2 pages

Jensen, "Comparative Analysis of Autoxidation of Haemoglobin," J. Experimental Biology, 2001,

319. 204:2029-2033
320 Ju and Kilara, “Textqral Properties of Cold-set Gels Induced from Heat-denatured Whey Protein
) Isolates,” J. Food Science, 1998, 63(2): 288-292
391 qulot etal, "nglr}ﬁtaﬁon of su}phur aroma gompgunds in maillard model reaction systems of
' different composition," Expression of Multidisciplinary Flavour Science, 4 pages (2010)
Examiner Signature Date Considered

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.

Substitute Disclosure Form

Motif Exhibit 1150, Page 471 of 1599



Case No.: IPR2023-00207
U.S. Patent No. 11,224,241

Sheet _16 _of _21

Substitute Disclosure Form U.S. Department of Commerce | Attorney Docket No. Application No.
Patent and Trademark Office | 38767-0015008 15/913.090
2
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.
(Use several sheets if necessary) Filing Date Group Art Unit
(37 CFR §1.98(b)) March 06, 2018

Other Documents (include Author, Title, Date, and Place of Publication)

Examiner | Desig.
Initial ID Document

Kanani, “The Future of Meat is Meatless, Just as Tasty, And About to Change the World,” Forbes,
322. 3/6/2014, retrieved on 9/11/2015, http://www.forbes.com/sites/rahimkanani/2014/03/06/the-future-
of-meat-is-meatless-just-as-tasty -and-about-to-change-the-world/, 8 pages

Karahadian et al., "Action of Tocopherol-Type Compounds in Directing Reactions Forming Flavor

323. Compounds in Autoxidizing Fish Oils," J. Amer. Oil Chem. Soc., 66:1302-8 (1989)

394 Kerscher et al., "Quantification of 2-Methyl-3-furnathiol, 2-Furfurylthiol, 3-Mercapto-2-pentanone
) in Heated Meat," J. Agric. Food Chem. 46:1954-1958 (1996)

325 Kerth and Miller, "Beef flavor: a review from chemistry to consumer," White Paper: Product
) Quality, Texas A&M University Dept of Animal Sciences, 25 pages (2013)

326 Khan et al., "Meat flavor precursors and factors influencing flavor precursors- A systematic review,"
) Meat Science, 110:278-284 (December 2010)

307 Koutsidis et al., "Water-soluble precursors of beef flavor: 1. Effect of diet and breed," Meat Science,

79:124-130, 2008

Kraft American Singles Package Ingredients, posted on or before 6/27/2012, accessed on 1/7/2014,
328. http://www kraftrecipes.com/Products/ProductInfoDisplay.aspx?Siteld=1&Product=2100060473, 1

page

Kummer, “The Problem with Fake Meat,” MIT Technology Review, March 31, 2015, retrieved
329. April 20, 2016, <https://www.technologyreview.com/s/536296/the-problem-with-fake-meat/>, 11

pages

Kung et al., “Tobacco as a Potential Food Source and Smoke Material: Nutritional Evaluation of

330. Tobacco Leaf Protein,” J. Food Sci., 1980, 45(2):320-322, 327

Lane et al., "The Variety of Odors Produced in Maillard Model Systems and How They are
331. Influenced by Reaction Conditions," The Maillard Reaction in Foods and Nutrition, American
Chemical Society, pp. 141-158 (April 1983)

Leahy Gardens Vegan & Delicious, Macaroni & Cheese and Cheese Flavored Sauce Mix Product
332. and Nutrition Facts, posted on or before 2/8/2010, retrieved 2/7/2014,
http://www.leaheyfoods.com/products/MacCheese.aspx, 3 pages

Leduc et al., "Differentiation of fresh and frozen/thawed fish, European sea bass (Dicentrarchus
333. labrax), gilthead seabream (Sparus aurata), cod (Gadus morhua) and salmon (Salmo salar), using
volatile compounds by SPME/GC/MS," J. Sci. Food Agric., 92:2560-80 (2012)

Lisanatti Foods, Vegan Cheese Products and Nutrition Facts, posted on or before 3/26/2013,

334 retrieved 2/7/2014,
‘ http://www.lisanatti.com/index.php?option=com_zoo&view=category&layout=category&Itemid=22
, 5 pages
335 Liu et al., “Intermolecular Interactions During Complex Coacervation Of Pea Protein Isolate And
' Gum Arabic,” Journal of Agricultural and Food Chemistry, 2010, 58:552-556
336 Lombardi et al., "Total Heme and Non-heme Iron in Raw and Cooked Meats," Journal of Food

Science, 67(5):1738-1741 (2002)

Lopez, "We just tried the Tmpossible Burger' - the meatless burger NYC has been waiting for,"
337. Business Insider, July 27, 2016, retrieved on August 25, 2016,
<http://www .businessinsider.com/what-the-impossible-burger-tastes-like-2016-7>, 5 pages

Examiner Signature Date Considered

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.

Substitute Disclosure Form

Motif Exhibit 1150, Page 472 of 1599



Case No.: IPR2023-00207
U.S. Patent No. 11,224,241

Sheet _17 of 21

Substitute Disclosure Form U.S. Department of Commerce | Attorney Docket No. Application No.
Patent and Trademark Office | 38767-0015008 15/913.090
2
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.
(Use several sheets if necessary) Filing Date Group Art Unit
(37 CFR §1.98(b)) March 06, 2018

Other Documents (include Author, Title, Date, and Place of Publication)

Examiner | Desig.
Initial ID Document

338 Lugay and Kim, “Freeze alignment: A novel method for protein texturization,” Utilization of Protein
) Resources, 1981, Page 177-187

339. Luteness, “The Richest Source of Protein,” MOSAIC, May/June 1979, 39-45

Maltais et al., “Formation of Soy Protein Isolate Cold-Set Gels: Proteins and Salt Effects,” J. Food

340. Science, 2005, 70 (1): C67-C73

Marshall et al., "We Tried the "Bleeding" Vegetarian Burger And It Was Actually Good," July 27,
341. 2016, retrieved July 28, 2016 <https://www.buzzfeed.com/chelseamarshall/bleeding-vegetable-
burger?utm_term=jaa03Kyo7#.0gVOmM7MAW>, 10 pages

McGorrin, "Advances in Dairy Flavor Chemistry," Food Flavors and Chemistry: Advances of the
342, New Millennium, Spanier, A. M.; Shahidi,F.; Parliment, T. H.; Mussinan, C. J.; Ho, C.-T.; Contis,
E. T, Eds., RovalSociety of Chemistry, Cambridge, pp. 67-84 (2001)

McGorrin, "Character-impact flavor and off-flavor compounds in foods," Flavor, Fragrance, and

38| Odor Analysis, 2nd, 207-262 (2012).

McGorrin, "The significance of volatile sulfur compounds in food flavors," Volatile sulfur

344. compounds in food 1068, 29 pages (2011).

Mercola, "Controversy over fake meat burger," 2011,
345. https://articles.mercola.com/sites/articles/archive/2017/08/21/impossible-burger-meat-substi. ...
(Year: 2011), 9 pages

Moon et al., "Odour-active components of simulated beef flavour analyzed by solid phase
346. microextraction and gas chromatography-mass spectrometry and -olfactometry," Food Research
International, 39:294-308 (April 2006)

Morita, "Comparison of aroma characteristics of 16 fish species by sensory evaluation and gas

347. chromatographic analysis," J. Sci. Food Agric., 83:289-297 (2003)

Morningstar Farms Garden Veggie Patties Package Ingredients, posted on or before 6/26/2013,
348. accessed 1/7/2014, https://www.morningstarfarms.com/products/burgers/garden-veggie-patties, 6

pages

Mottram et al., "Formation of Sulfur Aroma Compounds in Reaction Mixtures Containing Cysteine

349. and Three Different Forms of Ribose," J. Agric. Food Chem., 50:4080-4086 (2002)

Mottram, "Flavour formation in meat and meat products: a review," Food Chemistry, 62(4):415-24

330 1 (August 1998)

Mottram," An Overview of the Contribution of Sulfur-Containing Compounds to the Aroma in
351. | Heated Foods," Heteroatomic Aroma Compounds, American Chemical Society, pp. 73-92 (August

2002)

Naike, "Food Flavor Chemistry," 1st Edition China Light Industry Press, pages 236-243 (1996)
352. : X

(English Translation)
353 Nacho Mom’s Vegan Queso, Products and Nutrition Facts, posted on or before 9/20/2010, retrieved

on 2/7/2014, http://fatgoblin.com/Home html, 6 pages

354, Nielson, Introduction to the Chemical Analysis of Foods, Jones & Bartlett Publishers, 1994

Nutty Cow Nut Cheeses, Products and Nutrition Facts, posted on or before 7/23/2012, retrieved

353. 2/7/2014, http://www.nuttycow.com/, 6 pages

Examiner Signature Date Considered

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.

Substitute Disclosure Form

Motif Exhibit 1150, Page 473 of 1599



Case No.: IPR2023-00207
U.S. Patent No. 11,224,241

Sheet _18 of 21

Substitute Disclosure Form U.S. Department of Commerce | Attorney Docket No. Application No.
Patent and Trademark Office | 38767-0015008 15/913.090
2
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.
(Use several sheets if necessary) Filing Date Group Art Unit
(37 CFR §1.98(b)) March 06, 2018

Other Documents (include Author, Title, Date, and Place of Publication)

Examiner | Desig.

Initial ID Document
356 Office Action in Chinese Application No. 201480014349.9, dated July 24, 2017, 52 pages (English
) Translation)
357 Office Action in Chinese Application No. 201280041713.1, dated July 13, 2017, 28 pages (English
) Translation)
Office Action in Chinese Application No. 201480013778.4, dated August 08, 2017, 24 pages
358. : )
(English Translation)
359 Office Action in Japanese Patent Application No. 2015552865, dated October 24, 2017, 15 pages
) (English Translation)
360 Office Action in Russian Patent Application No. 2014104812, dated May 23, 2017, 8 pages (English
) Translation)

PancakeNinja, "Beef and chicken cheese burgers" — Pancake Ninja, 2011, http://pancake-
361. ninja.blogspot.com/2011/06/
beef-and-chicken-cheese-burgers.html, downloaded 22 November 2017, 8 pages

Parmela Parmesan Style Aged Nut Cheese, Product and Nutrition Facts, 2012, retrieved 2/7/2014,

362. http://www.parmelafoods.com/your-health. html, 4 pages

Peace Cheese 100% Plant-based Cheese Alternative, Product and Nutrition Facts, posted on or
363. before 6/6/2012, retrieved 2/7/2014, http://www ilovepeacecheese.com/#/products/4571642621, 3

pages

Proulx et al., "Iron Bioavailability of Hemoglobin from Soy Root Nodules Using a Caco-2 Cell

364. Culture Model," J. Agricultural and Food Chemistry, February 2006, 54(4):1518-1522

Proulx, "Diversified strategies for improving iron bioavailability of maize," Iowa State University -
365. Retrospective Theses and Dissertations, 2007 retrieved on September 19, 2016, retrieved from
<http://lib.dr.iastate.edu/rtd/15852/>, 144 pages

Punk Rawk Labs: an ongoing experiment in optimal health, Nut Milk Cheese Products, posted on or

366. before 6/8/2011, retrieved 2/7/2014, http://www.punkrawklabs.net/cheeses.html, 4 pages
367 Ramos et al., "What is Masa? - Ingredient Intelligence," The Kitchen, retrieved on 12/01/2016,
) http://www.thekitchn.com/whats-the-difference-between-masa-and-masa-harina-226434, 5 pages
368 Reedy et al., “Development of a heme protein structure-electrochemical function database,” Nucleic
"~ | Acids Research, 2008, 36:307-313
369 Richins et al., "Effect of Iron Source on Color and Appearance of Micronutrient-Fortified Com
) Flour Tortillas," Cereal Chem., 85:561-5 (2008)
370 Road’s End Organics, Cheese Sauce Mix Products and Nutrition Facts, posted on or before
) 10/28/2009, retrieved 2/7/2014, http://www.edwardandsons.com/reo_shop chreese.itml, 6 pages
371 Road’s End Organics, Mac & Cheese Products and Nutrition Facts, posted on or before 10/28/2009,
) retrieved 2/7/2014, http.//www.edwardandsons.com/reo_shop pastas.itml, 7 pages
372 Rochet and Chaintreau, "Carbonyl Odorants Contributing to the In-Oven Roast Beef Top Note," J.

Agric. Food Chem., 53:9578-9585 (November 2005)

373. Rowe, "Chemistry and technology of flavors and fragrances," Oxford:: Blackwell; 2005, 351 pages

Rusli, “The Secret of These New Veggie Burgers: Plant Blood,” The Wall Street Journal, October 7,
374. 2014, retrieved on 10/9/2014, http://online. wsj.com/articles/the-secret-of-these-new-veggie-burgers-
plant-blood-1412725267, 5 pages

Examiner Signature Date Considered

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.

Substitute Disclosure Form

Motif Exhibit 1150, Page 474 of 1599



Case No.: IPR2023-00207
U.S. Patent No. 11,224,241

Sheet _19 of 21

Substitute Disclosure Form U.S. Department of Commerce | Attorney Docket No. Application No.
Patent and Trademark Office | 38767-0015008 15/913.090
2
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.
(Use several sheets if necessary) Filing Date Group Art Unit
(37 CFR §1.98(b)) March 06, 2018

Other Documents (include Author, Title, Date, and Place of Publication)

Examiner | Desig.
Initial ID Document

Schieberle et al., "Characterization of Key Odorants in Dry-Heated Cysteine-Carbohydrate
375. Mixtures: Comparison with Aqueous Reaction Systems," Flavor Analysis, American Chemical
Society, pp. 320-330 (September 1998)

Schwartz, “Meet the Silicon Valley-Backed Vegan Cheese That You Might Actually Eat,” Fast
376. Company, February 26, 2014, retrieved 9/11/2015, http://www.fastcoexist.com/3025648/meet-the-
silicon-valley-backed-vegan-cheese-that-you-might-actually-cat, 6 pages

Segner, "Meatless burger made possible with local effort," July 29, 2016, retrieved August 1, 2016
377. <http://www.southernminn.com/owatonna_peoples_press/news/article 3d414149-1040-534d-b1af-
bf4£8c486788.html>, 5 pages

Selli et al., "Odour-active and off-odour components in rainbow trout (Oncorhynchus mykiss)
378. extracts obtained by microwave assisted distillation-solvent extraction," Food Chemistry, 114:317-
322 (2009)

Shahidi et al., "Meat flavor volatiles: A review of the composition, techniques of analysis, and
379. sensory evaluation," CRC Critical Reviews in Food Science and Nutrition, 24(2):141-243 (January
1986)

Shi et al., "Identification of characteristic flavour precursors from enzymatic hydrolysis-mild
380. thermal oxidation tallow by descriptive sensory analysis and gas chromatography—olfactometry and
partial least squares regression," Journal of Chromatography B, 913-914:96-76 (January 2013)

Shimbayashi et al.,"Free Amino Acids and Phosphorylethanolamine in Milk Whey of Cow" Agr.

381 Biol. Chem, 29(1):13-19, 1965

Shu et al., "Parameter Effects on the Thermal Reaction of Cystine and 2,5-Dimethyl-4-hydroxy-
382. 3(2H)-furanone," Thermal Generation of Aromas, American Chemical Society, pp. 229-241
(October 1989)

Sister River Foods Parma!, Products and Nutrition Facts, Posted on or before 6/2/2012, retrieved
383. 2/11/2014, http://www .veganstore.com/product/parma-vegan-parmesan/vegan-cheese-and-dairy-
alternatives, 6 pages

Soller, "The Impossible Burger is Ready for Its (Meatless) Close-Up," The Wall Street Journal, June
384. 14, 2016, retrieved June 21, 2016 <http://www.wsj.com/articles/the-impossible-burger-is-ready-for-
its-meatless-close-up-1465912323>, 8 pages

Song, et al., "Contribution of oxidized tallow to aroma characteristics of beeflike process flavour
385. assessed by gas chromatography-mass spectrometry and partial least squares regression," Journal of
Chromatography A, 1254:115-124 (September 2012)

Soy Kaas, Products, posted on or before 1/20/2011, retrieved 2/11/2014,

386. http://www .soykaas.com/products, 1 page

Soyco Cheese Products, Natural Pantry, retrieved 2/11/2014, http://www.natural-
387. pantry.com/search_results.asp?ct=All&site_search_qu=soyco&storeID=D92VLAQVMPDLIL5UH
TS2WLU67NADEHUA, 10 pages

Soymage Cheese Products, Good Earth Natural Foods, retrieved on 2/11/2014,
388. http://www.goodearthnaturalfoods.com/shop/brand2.asp?storeID=PJ102JRNHNGT8 GOQMPEQ7L
DC7GX6C2W2&alpha=S&brand=Soymage&brand id=805, 6 pages

389. Spence et al., "Multisensory Flavor Perception," Cell 161: 24-35 (2015)

Examiner Signature Date Considered

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.

Substitute Disclosure Form

Motif Exhibit 1150, Page 475 of 1599



Case No.: IPR2023-00207
U.S. Patent No. 11,224,241

Sheet _20 of 21

Substitute Disclosure Form U.S. Department of Commerce | Attorney Docket No. Application No.
Patent and Trademark Office | 38767-0015008 15/913.090
2
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.
(Use several sheets if necessary) Filing Date Group Art Unit
(37 CFR §1.98(b)) March 06, 2018

Other Documents (include Author, Title, Date, and Place of Publication)

Examiner | Desig.
Initial ID Document

Ste Martaen Cheese, Products and Nutrition Facts, posted on or before 5/28/2009, retrieved

390. 2/11/2014, http://stemartacn.bigcartel.com/, 14 pages

391 Sterling, “Welcome to the Era of Plant -Based Meat,” Food & Wine, April 13, 2016, Retrieved April
) 20, 2016, <http://www foodandwine.com/blogs/welcome-era-plant-based-meat>, 3 pages

397 Supplementary European Search Report for International No. EP 14737909.3, dated October 07,
) 2016, 10 pages

393 Supplementary Partial European Search Report in European Application No. 14738061 dated
) November 7, 2016, 11 pages

304, Supplementary European Search Report in European Application No. 15774164, dated October 27,

2017, 11 pages

Swanson, "Patenting the Quest for a More Perfect Veggie Burger," JDSUPRA Business Advisor,
395. June 21, 2016, retrieved June 23, 2016 <http://www.jdsupra.com/legalnews/patenting-the-quest-for-
a-more-perfect-72212/>, 13 pages

Tang et al., "Flavor chemistry of 2-methyl-3-furanthiol, an intense meaty aroma compound," Journal

396, of Sulfur Chemistry, 11 pages, (2012)
397 The Daiya Advantage, Products and Nutrition Facts, posted on or before 1/26/2010, retrieved on
) 2/7/2014, http://us.daivafoods.com/our-products, 126 pages
398 The Good Scents Company, "The Good Scents Company Information System," 2015, retrieved on
) December 1, 2016, http://www.thegoodscentscompany.com/, 2 pages
399 The Vegetarian Express Parma Zaan Sprinkles, posted on or about 10/17/2009, retrieved 2/11/2014,

http://www.thevegetarianexpress.com/cart/home. php?cat=250, 2 pages

Tofu Rella Mozzarella Cheese, Natural Pantry, retrieved 2/11/2014, http://www.natural-
400. | pantry.com/shop/product view.asp?id=24684&StoreID=D92VLAQVMPDLILSUHTS2WLU67NA
DEHUA&private product=0, 2 pages

Tofutti Cheese Products and Nutrition, posted on or before 6/26/2013, retrieved 2/11/2014,

401. http://www.tofutti.com/dairy-free-cheeses/, 18 pages
102 Tofutti Milk Free, “Premium Dairy Free Cheeses,”, posted on or before 6/26/2013, accessed
) 1/7/2014, http://www.tofutti.com/dairy-free-cheeses/, 2 pages
Tong et al. ,"Blood Composition of Different Beef Breed Types" Can. J. Anim. Sci, 66:915-924
403.
(December 1986)
404 TOPUNOV, AF., et al,, "Hemoglobins: Evolution, Abundance, and Heterogeneity," Uspekhi
) Biologicheskoi Khimii, vol. 41, 2001, page 207, partial translation, 1 page
405 Trader Joe’s Sliced Soy Cheese Alternative, Fotki, posted 10/27/2008, retrieved 2/11/2014,
) http://public.fotki.com/harwons/food/tj-sliced-soy-cheese.html, 1 pages
106 Trader Joe’s Vegan Mozzarella, A(soy) Bean, posted 6/7/2013, retrieved 2/11/2014, http://a-soy-
) bean.blogspot.com/2013/06/showdown-trader-joes-vegan-mozzarella. html, 13 pages
407, Treeline Treenut Cheese, Products and Nutrition Facts, posted on or before 12/10/2013, retrieved on

2/11/2014, http://www treelinecheese.com/treeline-cheese-products. html, 3 pages

Tressl et al., "Formation of Amino Acid Specific Maillard Products and Their Contribution to
408. Thermally Generated Aromas," Thermal Generation of Aromas, American Chemical Society, pp.
156-171 (October 1989)

Examiner Signature Date Considered

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.

Substitute Disclosure Form

Motif Exhibit 1150, Page 476 of 1599



Case No.: IPR2023-00207
U.S. Patent No. 11,224,241

Sheet _21 of 21

Substitute Disclosure Form U.S. Department of Commerce | Attorney Docket No. Application No.
Patent and Trademark Office | 38767-0015008 15/913.090
2
Information Disclosure Statement Applicant
by Applicant Impossible Foods Inc.
(Use several sheets if necessary) Filing Date Group Art Unit
(37 CFR §1.98(b)) March 06, 2018

Other Documents (include Author, Title, Date, and Place of Publication)

Examiner | Desig.
Initial ID Document

409 Uauy et al., "Iron Fortification of Foods: Overcoming Technical and Practical Barriers," J. Nutr.
' 132:849S-852S (2002)

Van Ba et al., “Principles of Meat Aroma flavors and Future Prospect,” INTECH Open Science,

0. Open Minds, 2012, Chapter 7, 145-176

Van Den Ouweland et al., “Process Meat Flavor Development and the Maillard Reaction,” In
411. Thermal Generation of Aromas, ACS Symposium Series, American Chemical Society, 1989, 433-
441

VBites, “Cheezly,” posted on or before 2013 , accessed 1/7/2014, http://www .vbitesfoods.com/meat-

2. free/cheezly.html, 2 pages
413 Vegan Sun Artisan Aged Raw Cheese, Vegan Essentials, retrieved 2/11/2014,

) http://store . veganessentials.com/vegan-sun-artisan-aged-raw-cheese-p4201.aspx, 3 pages
414 VegCuisine Soy Cheese Products, The Vegan Store, retrieved on 2/11/2014,

) http://www.veganstore.com/category/s?keyword=vegcuisine, 5 pages
415 Veggie Brothers Mozzarella Sticks, Vegan Essentials, 11/9/2013, retrieved 2/11/2014,

) http://store. veganessentials.com/vegan-mozzarella-sticks-by-veggic-brothers-p3761.aspx, 2 pages
116 Victoria Vegan Sauces, Products and Nutrition Facts, posted on or about 9/16/2012, retrieved

) 2/11/2014, http://www victoriafinefoods.com/products/specialty -sauces/victoria-vegan, 9 pages
417 Walter et al, "Effect of bovine-hemoglobin-fortified cookies on iron status of schoolchildren: a

) nationwide program in Child', Am J Clin Nutr, 1993, 57, pp. 190-194.
418 Wayfare We Can’t say It’s Cheese Spread, Products and Nutrition Facts, posted on or about

' 10/12/2013, retrieved 2/11/2014, http://www.wayfarefoods.com/we-cant-say-its-cheese/, 5 pages
419, Withycombe et al., "Identification of 2-Methyl-3-Furanthiol in the Steam Distillate from Canned

Tuna Fish," Journal of Food Science, 53(2):658-660 (1988)

Wortham and Miller, “Venture Capitalists Are Making Bigger Bets on Food Start-Ups,” The New
420. York Times Online, April 28, 2013, http://www.nytimes.com/2013/04/29/business/venture-
capitalists-are-making-bigger-bets-on-food-start-ups.html?pagewanted=all& r=1&, 4 pages

Xiaoling, "Practical Technology and Quality Management of Deep Processing of Meat Products,"

421 China Textile & Apparel Press, pages 9 and 10 (English Translation), 10 pages

Yancey et al., "Effects of total iron, myoglobin, hemoglobin, and lipid oxidation of uncooked
422, muscles on livery flavor development and volatiles of cooked beef steaks," Meat Science, 73:680-
686 (2006)

Yves Veggie Cuisine The Good Slice, ShopWell, retrieved on 2/11/2014,
423, http://www.shopwell.com/yves-veggie-cuisine-the-good-slice-cheese-alternative-cheddar-style/soy-
foods/p/6082260001, 1 page

Zhengnong et al., "Cihai biological fascicle," Shanghai Lexicographical Publishing House, P.243,

424. December 31, 1987 (English Translation)

Examiner Signature Date Considered

EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.

Substitute Disclosure Form

Motif Exhibit 1150, Page 477 of 1599



Case No.: IPR2023-00207
U.S. Patent No. 11,224,241

@B AES %R (JP) @ % T M BE 4 B8
oIS HFALE A Ee2 — 83842
@Int_Cl 1 e FAREES @B FEFN62E(1987) 4 A 178
A 23 C /127 8114—4B
9/18 8114—4B

EHEER KIER REOK 2 (£8H)

QRPOLHE  HEEEI - b LEnBERE
@4 FE PFE60—223987
GH BA PFB60(1985)10H 8 H

@% W EF @# A F Zz B BERTEHEAFEITRIEIS
o B A B A F z B BERGIEAFE1ITHIEIS
afe B A FELX NI B— 2%

HE #H 25 POoBHREIATHEL., O &, LEMEH

1. R OEE oTE. Moo THil &ETH S,

s — st roBMBENE FE. RN T ChALBRERTH L &S0

2. MR OHEMHE PgE. 22— A MFOLOIEHA A - P &

. ¥ 7A7PRE LA RORMEBRMTHY . MHHENY . bHAEOALSTERHEIIEVT .

AOREEBRENERNEKRTHE LI LM HLLWIATORBALLLTY 72747 ~0HL
LT aMsEEERa vt RMIEEE TS,

2. HHuHyvATHASF-—F-AEBELTE Lil. 20@EWbhhbody. a -7

- EuEL. Bohkz—- 0 EAR Vit EShsIBRBAMM ORI LI
Rt LI LB ET A ERI - L REFr 247D TR. LTLOBESER

o sE R, HEaATHWLEEBT MR,

3. RUEOHMNEH Blir 747 BRARFCIZONTRE
(W o558 w0, ARELTHABAEELEH S & bl
ARPITHEBERTI - IV E0BBEFE b BREEsE LT IRETH » K.
wBL. AR ENME. RELTIRET (%o EH)

B iMTEAIRGEDI - LEFE. FOH ARBRREBIL -5y 24 70X BEEDL

BHHEMET 5. C0; ODREULIIBFTHRAEOLRALL (. &BE-
(PR BE#H) MEMNEREZREKa -7 z0oBBHE
VIEPHEBEERIIC BT, 2~ A ALK ERM{T A LEBMET A LOTH S,
ETREHETREBL 7247 (Kefin) A ¢ (R oOHBR)

—199—

Motif Exhibit 1150, Page 478 of 1599



Case No.: IPR2023-00207
S. Patent No. 11,224,241
e~ 38&2(2)

FTHRENTERT ARV O LG Ra - o433 A ey - FdAPSF = L(leucona-
Wby A TRHICLEAEALORRBAEBRY T stoc dextranicum) BT A P L7 P2 o #A
By hoEMERSIhIBEIKTHA S LA T EF S5 S F A A(Sri.diacetilactis) B O
HBiedsb0THL. FEEBRBHKEL AT S,

FREARVOMMEREI -2 FOBEN oA THMERBICEER. AT FY 7
. SRy TATREHAY - - EHELT BUA L7 bR 7Y 7HODBEHEAAIET
F - FAEMEL. Fohia -2t 2H MEBELTWEA., TASOR UGS A EH
WERT AL ERMETELOTH B, DOAF —F—dizldE L K,

F7ATHE., EHFHC L 20EEKELT WEDBEEARP T EL. 32 - A ERMY
ASZEIFHMMEYHIH XKoL 2L T HDT SHIZHMBRUTERERMLEOGMEBNA
5. Wi, I - ARMMBIESOMTII L

F o4 TRHBEYD B MR E . TR E TR TEOVHEETHY . ¥ 74 7HEI0BRRT
BRECIEE B BEMEBALSFEGSENTNS, TLEE L& MEWHOEM LS. ¥

Ehs F 747 A5 —F DI AMEWEKE MEBRBERIDLDET E2HNOTH S,
B E. »y74ATHREYEDO —EA2RAOD A7 ATHEHBEDBEOMKIC A S EERE .
EHMSELL. REOHEDHBEMbO R 7 — FOMABMBLRTH LT EF AT F LT E£F
- OBELARECEHLIANLT RO AR (Acetobacteraceti) 2 B AU - T. BWEALA XMW 2
- 5054 A (Str, lactis) BT A FLT PO EIEHL. XANMF-PHELTAMEAAT
B A -2 LEY A{Str,cremoris). T A4 I3/ A ARENEDTULAE, THOEDNRITF YT HY

F22 - & F s L {Louconostoce citrovarum). 7ATHEHBEDHFROMHMBICEETLI L. F 74

FoAY -5 - OWEHEORIFK F L WRHO KT BYEBE oo M+ S 4 B
A —RUKCEETEA L. BEMETE oo %%~&ﬁm
7 ATEOFREMEYE X E L BT
LBMIBEANA AN T b,
LEo@EEHIE» L. a2 UmodmHE
ki FEL T ERLE T A,
Y74 T - AF P~ InlhDERBEDER
oMol ERTETHDOELITH S,
$%%MW%&%&Emwmwﬁgﬁitm

7471 e 0l MBERMESER TR
EIEKFLALA. MRSEXIEHIIZT25T 78
RIS FELAMABEDBE . L g B9 1.6 x107
TH o7,

(FELTH8)

kT ST AP TR B+
e e BT F ~ e
ﬁ#{ﬂ: ............................................ ﬁ-*—}']‘
g B B~ %

Fho r7AT7THHMUKELEEY) RTFBERIFX
HF 4 -2 FTHEE. 20 1nihOEEhE
PEROFYEFERITROEENTH S,

TSROSO VE RSN ER G o B s
%ty 1

FERMBAEAREE - RTHER

Fo T e e 7 ~ B
A fis

— 200~
Motif Exhibit 1150, Page 479 of 1599



#$ 1 %
£ B & i bE:2 Sk B &
Bp - 3T'cT28Ef | 1, 000BATF
BIE E BESE - 3TCT2ERT | 1, 000BIT
= PP - 30C4BEER | 1.000LAF
8755 - 25 ¢ THRE | 1,000B1F
TR - STCT2RHE | 1,000B0F
WS - 3TCT2REME] | 1,00084TF
s & X K7 - NTABIER | 100054
B¥ - 25 THRM | 1.6x107
BCPIET L~ bAr ey Y FIEE | AP - STCTZREET | 1,00024F
BFSR - 37 CT2REE | 1L 000BLTF
b7 b a—ATER
WS - 3TCT20EME | 1,000 F
HRAEFLRER WP, - 30°CA9RERA | 1, CO0LLT
EllikerZTEX R - 25¢ THRE| 1.6x10°
7a—2A - BRIy AJEL | 5K - 25'C THE | 6.0x10°
SI E X 315, - 25TC20HAT | 2.2x 10
# 2 #
W oo R
HNIEE i a b [ d e
¥ Om ox 1O e R WA
7S5 LR B MG M| B MR
HE - - - - - =
R B DL DL L L DL
15CTOEE + + + + +
BCTOEE - - - - -
Hh1-ALOHAORELE + + + + +
ARt EnEAOREE + + + + +
YEo FEHE
TIFEYV - - - - -
THE/) —RA - - - - +
ot —RA - - - - -
2?54 F—A + + + + +
2Nna—2 + + + + +
rnax—+ + + + + +
2748 R + + + + +
“IWEh—A + + + - +
v b — — - + +
VA - - - - -
ANT =R - - - - -
AYAg-—-2 + + + + +
57472 - - - - -
SL)—A - - - - -
K- + ) - + +
e b - - i - -
Foro—A - - - - -
bl —R - - - - -
Foa—2A - - - — —
EYFS - - - - -

Case No.: IPR2023-00207
. Patent No 11324,241
(3

u.s
HrAg62-83842

MRSTER (4 BiMa,b). EllikerZFEX (48
BWe) - 77— -HEBIFAEEX (FBH
d) HLUSIEX (FH8BEe) FRELD. €1
Fnl~WOoBELHEHL. SEBE L LR,
Tfiﬁ'iﬁi!.\ﬁ’&ﬁott:?)\ SEHEBEUET T~
DROAMELERETH 2. HEFHa, b, d F
el 32 PR - T LY X (Lactobaci-
us brevis) EEESNIc. KK L. HEitHa,
BB LT AWDIVTRHTSE, —RELVEZ
M- AO0RBMCHEIMERLIERL DL AN
Bvmohtk. £ HFHBcCIL20TE. VK
—AORMUEIEETRE . OERE
h, 52 r LR - 7TLEAOHBEESED
no, BREKBWEREE2EREIFT,

HE. 74 THKE., TEEHAKRBRAEDT
HEWWRAMICEAMEIEIIA T R HFEL
AW X - TFEEEA > .

(AEETHA)

REFARBMOEFER2 -7 L +OUETE
oW Til~ b,

FT.r A TREGRLLT 5.

oA TPHEMER~/NBEH K. BE. S Y
759 —-HFOBBET. TOMBMBEKRIRKAEC
B 5.

ZoTCHREXERRCTEHL. —EHRHA
- EOHBEEEFLET IS CERILT A4
EMNDH5B.

ERLoFER. BRCREALRTr 247
BA0~2TTHEL. HERIKT A LK
DiERE NG,

EMILOBEM 1P ETRCRT.

B i e - URTH B4 9L (130C 2 ¥ B ED
WEOBE WM -~ ~217C.24 FRHIER
F7ATHORERBEC L ZAATE L SR

wrtdsEme.

BREBRIr2ATHOBEE., BEKE LT
WmEEHEERKCweHMEMERP L. B
wHLT. L sERSENMT .

—201—

Motif Exhibit 1150, Page 480 of 1599



Eh. KB r7ATHOGG . EEAEE
kT L. WihioHd L TH L SERSENT
5,

2HHPHoRKETHEEFE L LRERLC T, Bibiz
HLTHTSHRBRMSOYr 74 7HEEMT 5.,
WABMTHEAFRBES LI LA E. &
PEfL LT3 &0 HMTEANS.,

B CET A EBRITREERYy 24 THT
0B M E. KBSy 214 7HTALA~5HTHS.

WIZEHL Ly 74 TRDPSF 247« A
-7 - %xPEYYT S,

THbb, EHALLLYyr 74 7 EEAI~
S0 L LlOBET (F4bb. 1 bk
D¥20~30g) Ah. HERYT L. BERAZTETE
HTRIE~25T Ca Y. HELLBENTIS~
20C . AMTIF~22TTH S, HEAL~ANRT
oIS~ 16IFRIEREHC 3 ~4 HRBRHEL. £
DRETE2LHI S~ THHEEEHRERIEL.
ENVLWLER~LHABLTERBT S,

AT ELTHOGNAWBELEY 747 -

FlomETF#HIZB5~53Ccicms L CHRET A,
IOMBMBERMIE S ~303 TR,
BEECHEATIAY -7 -0 HUAE LA
CHRE (15~25T) wHHL. RELANRG.
WAy — —kEHEYT 5.
Ay —-F —iEHEBR. BREKORE100 BF
el T, A —F -3~ HBETHD.
2F - —EHEEE. ElLELAY -2 —D
MBI LR AT CHE s BELUNSIEET
I
COBEBREBOTR. 2 -2 bR
BN LAMAMEMTERNY . ARBLTT
wa - VREOI OO 7O AMNEFLTES
2.
COMBUEHAEIZ~UBRHTAT T 5.
BEEATHIZIO~ISTR AL, COBET
5 ~20050). MEBLAFOBKES LS,
MIEBRTHRE. 2~5CcwuwiiLT. l4
ik s,
HFohiR@BA-yr717otiko—HET

Case No.: IPR2023-00207
U.S. Patent No. 11,224,241

B 62~83842(4)

AF—F—THD. piE L 0~4 6D0EHECD
B, AF WV EESENEHT. L EES
HiUzzfl~ANn. BRExBEBLTHRONILE (&
PAT AT —F =) A7 ATRBEERY
5,
CoEICLTAS - -—FHYUOEBERCIR
AEWH4EMEES 5.
kuuBonkh2agy -2 —-FHOTRENL
7AT7AMETE. RECEELD 2 L4 E
CIRUTHLMMEEML-bOEH W5, £
wiMGKEEMT s2BEE. LA EBRALE L
HEARE TR WA, REERBR. @ T A
HOI0ERS IS L TARNG 2 ~I0EEACH
5.

I, COREPELCRIBELUASE0~T0
clwmBmL. Bt nmeiTiad.,
COHBEALBE. REDHZ0IHERT S
BRMECEE AL ICTE2ADTH
. —mIW 100~150 kA HET L&
wEhiTubh s,

BEIRIZIRT.,
® 3 #

LG
=R 92.4%
b LR 2.9 %
Tra-BRE-¥~ 4. 7 %

F 0
I RILF — 6 8 Kcal
oA 86.1¢g
Q= 3.9¢g
¥ = 328
v H 59 ¢
HiHEE 0.0 g
K % 0.9 g
b R s N 128 mg
v 116 meg
3 0.1 mg
FFY YL 6 5 meg
Y H L 199 mg
v¥FI - 29 ug

Motif Exhibit 1150, Page 481 of 1599



s oaF o 11 ug
AR 111 IC
Vv - Bl 0.0 bmg
V-B2 0.1 Sme
FAT Y 0.1 mg
vV-=cC 0 me

TOLESELTBONLERBAY 7ATER
B LAMEPLARREL. —25~-35CUH
MLTHEFSES.

codicLoTHLEHBROBEDNB O
3.

o Nl BEEYAEIS~40C TUMA. BHE
O 1~1.0mnllgTHIsEEBRT S,
Bonsdipggia—sritik. AALARA
oREFET. LRRoFEEAL TN S.
BohrdigEREs - OB SHRO—~
BAEBEIBCRT.

(ZEMUTHE)

(ZTH i)

AR ModBEEs - s, BRMER
Thh. REVWAERETH > & Hz . RUR.
TR ERCRET AL LN TE S,

£, BERC-HEEFCHNId S EbTE.

POHBOFEEAETLIOCHNALFETDH L.

W TRBHOBMBERI - b £ &
AiudEgwe sy, ABLARKBETCHEREMRS L
THMmikT s EMNTE L.

koG RAOr 74A7ICROoNZED
B RTFERERELRC: WLE2EFEHEAREO L
Ruaa(loniit,

Wit~ tRERHodBEgERs —
S, TRT AL HSHNENHEHBEEDR
583 5.

4. FiIEBE

(R HE)

MR x—Y v k-

R : JCL-ICR 7% &

oA DY : -9 »E -

AW -7
(2 .54,20-23g)

hs S =7

Case No.: IPR2023-00207
U.S. Patent No. 11,224,241

%R 62-83842 (5)

# " oo
™ o F &
& ﬁﬁ’ﬂﬁ 2 S:
Y u_,sﬂp ’g e
811 + o2 W R
= e d e o
1 Mﬂ A%w LS
w M = 3 =W = 5
B - 2 Ha Sow elm
®|FI 0l B= TR g
ginax Ba 2 LE AP
Eap®E < EEK 2~
H2 | s cam B DS Q
Fracm S 282 g 1)
HEBEkKS
Kb&w@
o X Q
2 s s T
T ga Eozgwm
* = - % sl ol 3 0
tEtais

a5 og ap w yg R"e
B SSRN SR X358 THEme vy
mmw cwehdp LSS | &) mB R
e o w0 HHA Nx % x | wE K
1 o o SHWEH Seow Dy, HER
P | BE-BOR
WSS K
yiEemEe
m o = S
= L ET SEWE T
% vo Y TUELED
45 o SY W W o ME 0B i
E | cavmEcE S EnRE &5 | N deEs
K| = SHERESEE | . . . .
2 HEE SRy |~ 0
XU EFKEIHEK | CBms | Hay

(6§ xX10* 2/ 7% 2) EERBHH

M (EIR)

RUkoits  EBEIELYIOEMYER 1 H

I mEOREL L.

HROHE : BHALBELB2ADCERE &)

OBEBELXWUEL. £ (2 bo—n)
DHEEFZELFWTELOHEELL L.
X. MM (IR: Inhibition rate) i+
B ENo EEERE (T & ARF
(RO HEE5E) oFBBEHREAC &%
AuTxoRILyFHBL L.
IR=1(1~-T/C) x 100%
B HE &
— sl A HIHEREOD
AL 2BULUTOLOD
£ 25~50%DIRERT HD
+ :50% B EOMMERT D
EREPETAEES ZLFT,
mESEAOPWOAME I KFEV DU

wiRa - ki, 500mg/ kg £ 100ma/ ke D X

—203—

Motif Exhibit 1150, Page 482 of 1599

h (BMEREESHEITR) Kot

st 25 THR

i 6.



Case No.: IPR2023-00207
U.S. Patent No. 11,224,241
MR 62-83842 (6)

S b o TRLMCREREAFED O S, [

ja=}
) - + o+ + I
CREBUTF % 8) "
i‘i oo [d=) [an) o
= 03 el @ @ o=
=
IC) - & = I=2) o
~ M = = — =
o Fw = O o = =}
@, @ HoHoH gl £
G e+ Z &8 2 e et
©
- — === =] =
="y — — —t —_— —_
w BF I S { t
'f:)E — — — — —
o
=
i 3
=
o
(%]
=1 .
E?n)g e g g —
= =
E
i C OO % jnt
B B W W
Ay
Y =
= ~ 1
[ i o
~ - e
¥ n N A
& < ir n

ko ine., BAETRESL T4 2
— I P T . 500me/ ke & 100me/ ke & K
o LEATEIMR B TIIES L, MRREHER LK,
MR EELERIRT.

Ml iRmL . AWM. 74 7Y 2 - v
. 7orur e B, 707y VARE
R MEL 2.

(&

#® 6 * BoRLFTELHW. EFHFICI Y F P+
vryEBET AL, MEMFNERE AL AR

A=A = Il 8 (%) B, 7240707 - yrERAEDPL. T7atbo
A # 20.5 YEVIBRHAERL . FOPEMNMMLU . X
B & 15 REOEHEERE 2 - L PIRSBREEECD
c # 25 WMo LEHEMWML . T4 E. 200-
D i 15 500me/ ke @ % b5 B T 33 75 BU ML #2 AE 78 B A% ER

HLeERrhoWHodhADEIWw., Hlka -2
FOWInichb, HBEHEERRIALED S
nE e,

i A F A
(F )

DAY —FS5 u L 74 7500me/ ke,
200mg/ke X RO G | BHSI T v F b+ + o
¥ 0.5 mg ke (MLBRIBBEA) TMHEL. 4K

~-204 —

moht, ERMEREBRTRECRT,
(AEIUTHE)

Motif Exhibit 1150, Page 483 of 1599



Case No.: IPR2023-00207

U.S. Patent Ng. 11,224,241
PRI 60~ B3842 (7Y

5 AL BRI BN MY S Wt
E = o A (MW R ED R 20 T)
ROw + 4 +1 +1 .
P! prc B S k. ARLORBOBAERZY A &
= i B BB L & D & W WIS TR A R
= @ @ & W s, OEBEZ /0T 7 - U OMAMM
33 T e & & = EAROMMETH A, SEIE. BWELTH
= [ ~g o~ uwy .
= v —HvEMRABASHE. TORO BRY IR
L2 T | : DEAE. Mo O — & il kiK% IS
N ~ P2y — — - :
W 23| 3% &8 & g REIEELE. © OEERE. EEBBEIS
B % EBRHTAMELCHAENRERTTY — F
- =5~ " . < v (Freedman) 0 W & - THIFEE N2~ K
’1% ”E — ! c‘f‘: o’é: ey
1R T o= HoH H H = VIOYT S UAETH B,
~ E [=8 ] [F] w3 8
g < - (R )
E g ddy RiEPE<» A (4hE20~255) % 1BK
: R I Mgy - V@ THEL K@ ABRR) -
= = RMIRL D H — & VIEBERHEEAL ~Y Y
w2 g B = ~T by FEMTEBVCEBLL. 675
* = E e B ARREASCEHA K v RELS
— o i o
9 ] Iggi-q = FRL. kX kb h — £ EFHEREME
5 % #EE E 5
4 2 R KB @ Hwb .
(tz-ty) X 4.,20D¢t, E L 200 0 10 10.99*+0.42
t =
” 0Dt —O0Dt: FE93 50¢i.0.) {0 10.72%0.29
tz/|=¥ﬁ?ﬁ9‘in#ﬁ=ﬂ (57
t, =5 (4 ® 3ABEs5opea (1HI1E
ty =10%F /2 XI5 (43 ik ks Naof Clearance rate
(mg/keg) mouse of Carbon
0dt, = 5 v OBRNEE .
Tvho-i - (&1 10 12.84 £0.57

Odt,=10F 7z X155 B DB RE

k58 0
BBk, 500meg/ke 100mg/dg  20mg/ke aﬁ;&;;ﬁzm 500 (1) 10 10.70+0.56
I-4)
ORBHEBML Gz AE Bt b
H L 100 (82 10) 10 11.41+0.52
O — L FEY v50mg/keli.p.) THWLT3
' | IS 20020) 10 12.28%0.63
Bil. 20 h — A Y HEI05mCEOIE
FE¥s 50(i.p.) 10 8.31%0.34=
H L.
ERER T TRHBIRCIRT . N
* 2wt —ntDHEE:P <0.05THE
= 8 #
=#H Y
@ 1mMikxsonés N N . )
FegEHhoHoIULDIWE. KEHOEFE
i 5B Noof Clearance rate . ,
(mg/kg) mouse of Carbon Ba—s bk, 1 BIRE TH20me/ke WZHEH W
Ivbo-i - (&) 10 11.83x0.37 EMMNBFONLEK T TH - M. IHER ST
AR\ 5 £500 me/ke & 100me/kels HELEHEAR
@aE e S00(EEO) 10 11.32+0.29
I-44 b HEhil,
BE L 100 1) 10 11.73%0.42 PTF. XN oxIEHERT.

—205—
Motif Exhibit 1150, Page 484 of 1599



Case No.: IPR2023-00207
U.S. Patent No. 11,224,241

HReE 62-83842(8)

(8 8 BN EHEWMAIS~40CTO0. 1 ~ 1. 0nnlig
AL ITkex 140Cc T 2R L foik. 21z TEHBRL. ARHOEBGIREI -2 P4k &

|
B

&

mRL. ThitEBELELAEY 74 THLL6kE
[ERHL. 21Cc CISHERIREL /2.
I~4A5MEEL.2IcCTECEEL. BE

-y

BIBLABIE. L50THEBL. A3 TF &L €A FrEHLT Ao Eg -
THONALBEREEITREY Z7AT - AF -4 #FHE+ B oO B MK
—ELTHRWE. I+ T+ H T M =
ABWERIEIERILY 74 TH L 2 wAH S

FARN

—FH. BEGALIOw EEH 323w ERAEL .
L BEBLAASTOT ML . 150ke/ef 100
ELTHELBRB LA, & T0T TL1045 M H
WlhEw2icwmiHIL. RBLEMS EREY
TAT RS —F - 1Tk IEHEL. 2lCTH X
MIBLAMNGISIEMW. BEL AL ISTKERHL.
COBRETIBRIBM Y. STICHLT 3
S0k D4 7 4 7 A,

SO T7ATEFLACHEILTHRBL.
=25~ —35TIWHWHL THESE .

Motif Exhibit 1150, Page 485 of 1599



United States Patent ;9

Tokumaru et al.

Case No.: IPR2023-00207
U.S. Patent No. 11,224,241

4,702,923
Oct. 27, 1987

(111 Patent Number:
(451 Date of Patent:

[54] LYOPHILIZED KEFIR YOGHURT HEALTH
FOOD

Sennosuke Tokumaru, 10-3, Tsujido
Taiheidai 1, Fujisawa-shi,
Kanagawa-ken; Michinori Kubo,
Sakai; Mari Nogami, Suita, all of
Japan

[75] Inventors:

[73] Assignee: Sennosuke Tokumaru, Kanagawa,

Japan

[21] Appl. No.: 914,835

[22] Filed: Oct. 2, 1986

[30] Foreign Application Priority Data
Oct. 8, 1985 [JP] Japan ....ceeieeeeniieecnin, 60-223987
Feb. 12, 1986 [JP]  JaPAN .oocvrerereeeieensnermenesenenes 61-26671
[51] Imt. Cl4 .iiiiiiiiiiiieaeee A23C 9/12; A23L 1/29
[52] US. Cl e 426/61; 426/648;
426/800; 426/34; 426/583
[58] Field of Search ................... 426/43, 615, 34, 640,

426/583, 524, 444, 384, 385, 61, 648, 800-801;
424/95, 195.1

[56] References Cited
U.S. PATENT DOCUMENTS
3,321,319 5/1967 Hackenberg et al. .............. 426/385

FOREIGN PATENT DOCUMENTS

2907538 10/1979 Fed. Rep. of Germany ...... 426/583
0205938 11/1984 Japan ......c..cecvimeiiiencens 426/583

Primary Examiner—Raymond N. Jones
Assistant Examiner—Marianne M. Cintins
Attorney, Agent, or Firm—Armstrong, Nikaido,
Marmelstein & Kubovcik

[57] ABSTRACT

A lyophilized kefir yoghurt health food is disclosed.
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LYOPHILIZED KEFIR YOGHURT HEALTH
FOOD

BACKGROUND

This invention relates to a lyophilized kefir yoghurt,
a process for the production of the same and a health
food containing the same as a main ingredient.

It has been known in the art that 37 kefir”, which is a
fermented milk originating in Caucasus, has been habit-
ually taken in the Soviet Union and Eastern Europe.
Recently the kefir has been rapidly attracting public
attention since fermented milk is recognized as an excel-
lent health food and Caucasus is world-famous for lon-
gevity.

However, examinations on the kefir, which is differ-
ent from single-type lactic fermented milk such as yo-
ghurt, are yet insufficient in spite of the recent increase
in the attention thereto.

Kefir would form CO3 as ripening is prolonged to
thereby elevate the internal pressure of a container,
which is an obstacle to the marketing of the same.

On the other hand, there are marketed various health
foods riding the crest of the recent health food boom.

However many of these health foods contain vegeta-
ble or animal components as active ingredients and
there are few solid health foods containing fermented
milk as an active ingredient.

SUMMARY

It is a first object of the present invention to provide
a powdery lyophilized kefir yoghurt, which will be
sometimes called merely a lyophilized yoghurt herein-
after, obtained by lyophilizing kefir.

It is a second object of the present invention to pro-
vide a process for the production of the lyophilized
kefir yoghurt. :

Further it is a third object of the present invention to
provide a health food containing the lyophilized kefir
yoghurt as a main active ingredient.

The first object of the present invention as described
above can be achieved by a powdery lyophilized kefir
yoghurt which is prepared by lyophilizing a fermenta-
tion product obtained from milk with the use of kefir
fungi.

The second object of the present invention can be
achieved by inoculating milk with a kefir fungi starter,
culturing the kefir fungi therein to thereby produce
yoghurt and lyophilizing the obtained yoghurt.

Further the third object of the present invention can
be achieved by a health food comprising the lyophilized
yoghurt, assistants and excipients.

THE DRAWINGS

The sole appended FIGURE is a flow diagram of a
process for the production of the lyophilized yoghurt of
the present invention.

THE PREFERRED EMBODIMENTS

The lyophilized kefir yoghurt of the present inven-
tion is a fermentation product obtained from milk with
the use of kefir fungi and in the form of a lyophilized
powder. This lyophilized yoghurt may be produced by
inoculating milk with a kefir fungi starter to thereby
produce yoghurt which is then lyophilized.

The kefir fungi as described above, which have been
obtained from Licensing Organization USSR by us and
called YK-1, are a natural symbion which comprises
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various microorganisms and behaves as a single organ-
ism from a biological viewpoint. The kefir fungi are
generally in the form of a white cauliflower as large as
from an adzuki bean to the head of a little finger and
supplied as lyophilized or water-immersed kefir grains.

It is generally very difficult to directly examine the
organized bacteria of these grains since the organized
bacteria therein are in the dormant state and form a
rigid structure together with polysaccharides and prote-
ins.

Thus the organized bacteria of the grains are assumed
by culturing the grains in an appropriate medium such
as milk at 20° to 25° C. to thereby activate the same and
examining the microbes liberated in the medium. The
following Table 1 shows the organized bacteria.

TABLE 1
Yeast
Candida pseudotropicalis 10°-10¢/ml
Candida Krusei < 10%/ml
Torulopsis holmii <105/m}
Lactic acid bacteria
Streptococcus lactis 108-10%/ml

Lactobacillus brevis

Lactobacillus fermentum

Several species, which are highly
symbiotical and can be hardly
separated, are further observed.
Acetic acid bacteria

Highly symbiotical and

hardly separated.

As shown above, S. lactis is the most predominant
bacterium and the lactic acid in the medium is mostly
produced thereby. Among the yeasts, only C. pseudo-
tropicalis ferments lactose to thereby form ethanol and
COa3.

Now a process for the production of a lyophilized
yoghurt will be described by reference to the appended
FIGURE.

In the present invention, the kefir grains as described
above are first activated. Since the organized bacteria in
the kefir grains are in the dormant state, it is required to
activate the same to thereby make them sufficiently
active in a medium to make a definite number of colo-
nies with in a given period of time.

The activation may be usually achieved by subcultur-
ing the kefir grains several times, i.e., by culturing the
kefir grains in milk at 20° to 25° C., separating the grains
and culturing the same again.

An example of the activation process is as follows:
medium: UHT pasteurized milk (pasteurized at 130° C.

for two seconds); and
culture condition: 21° C. and 24 hours.

The kefir grains are subjected to a pretreatment and
added to a medium depending on the storage condition.

Lyophilized kefir grains are immersed in sterilized
water or a sterilized physiological saline solution for
approximately six hours and washed. Then they are
added to a medium in an amount of approximately 7.5%
by weight based on the medium.

Water-immersed kefir grains are washed with a phys-
iological saline solution and added to a medium in an
amount of approximately 7.5% by weight based on the
medium.

Both kefir grains are treated in the same manner after
the second subculture. Namely, approximately 7.5% by
weight of the kefir grains are added to a medium. The
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kefir grains capable of coagulating milk in about 20
hours are judged to be activated.

The activation of lyophilized kefir grains and water-
immersed ones requires 10 days or longer and four to
five days, respectively.

Then a kefir starter is prepared from the kefir grains
thus activated.

Namely, one part by weight of the activated kefir
grains are added to 30 to 50 parts by weight of fresh
milk, i.e., 20 to 30 g of the grains per liter of the milk,
and cultured therein. The culture may be usually per-
formed at 15° to 25° C., preferably at 15 to 20° C. in
summer and 18° to 22° C. in winter. After culturing the
grains in the milk for 15 to 16 hours, the culturing broth
is stirred for three or four minutes. The culture is per-
formed for additional five to seven hours followed by
stirring again. Then the culturing broth is filtered into a
clean container.

The obtained filtrate, which has a pH value of 4.0 to
4.6, is the aimed kefir starter. The grains on the filter is
introduced into fresh pasteurized cold milk again. The
solution obtained by filtering the grains off, i.e., the
kefir starter is used in the production of kefir.

Thus the whole process for the preparation of the
starter usually required 24 hours.

Table 2 shows the organized bacteria of the kefir
starter.

TABLE 2

Homofermentation mesophilic lactic acid streptococci (a)
Homofermentation thermophilic lactic acid bacilli
Perfume forming bacteria

Yeasts (b)

Acetic acid bacterium (c)

The streptococci (a) include perfume forming strep-
tococci which rapidly elevate the acidity of the starter,
e.g., Streptococcus lactis, S. cremoris, Louconostoc ci-
trovarum, L. dextranicum and 8. diacetilactis.

The yeasts (b) include those fermenting lactose as
well as those not fermenting the same. The acetic acid
bacterium (c) has fiagellums all over the surface and is
capable of utilizing lactic acid as an energic material,
different from Acetobacter aceti.

Then a fermented miltk 37 kefir” is produced with the
use of the starter. Fresh milk optionally containing milk
product(s) is employed as the raw material. The milk
products to be added to the fresh milk are powdered or
condensed milk. Usually two to ten parts by weight of
the milk products are added to 100 parts by weight of
the fresh milk.

Then the mixture is heated to 60° to 70° C. under
thoroughly stirring and subjected to further homogeni-
zation.

This homogenization is carried out in order to pre-
vent the separation of fat during the fermentation or
before the drying, as will be described hereinbelow. It is
generally performed by applying a pressure of 100 to
150 kg/cm? and passing the mixture through, for exam-
ple, a screen. After applying the pressure, the mixture is
pasteurized by heating the same to 85° to 95° C. for five
to 30 minutes.

After the pasteurization, the mixture is cooled to the
same temperature (15° to 25° C.) as that of the starter to
be used and inoculated with said starter under stirring.

100 parts by weight of the pasteurized material is
inoculated with three to five parts by weight of the
starter.
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After inoculating with the starter, the material is
cultured at the same temperature as that of the starter
used under occasional stirring.

During this culture step, two processes, i.e., lactic
fermentation and alcohol fermentation, proceed in par-
allel with each other, different from single-type lactic
fermentation as typically observed in the production of
yoghurt.

The culture usually completes within 12 to 24 hours.

After the completion of the culture, the mixture is
cooled to 10° to 15° C. and allowed to ripen at this
temperature for five to 20 hours.

After the completion of the ripening, it is cooled to 2°
to 5° C. to thereby cease the fermentation.

Table 3 shows the properties of the fermented milk 37
kefir” thus obtained.

Table 4 shows the result of the counting of the lactic
acid bacteria per gram of the kefir. Table 4 indicates
that a sample obtained by culturing the material in an
MRS agar medium at 25° C. for seven days shows the
largest count, i.e., 1.6 107/g.

TABLE 3

Composition

milk 92.4%
milk products 2.9%
kefir starter 4.7%
Nutritional components (per 100 g):
energy 68 Kcal
water 86.1 g
protein 39 g
lipid 32 g
sugar 59 g
fiber 00 g
ash 09 g
calcium 129 mg
phosphorus 116 mg
iron 0.1 mg
sodium 65 mg
potassium 199 mg
retinol 29 ug
carotenc il ug
A activity 111 U
vitamin Bl 0.05 mg
vitamin B2 0.19 mg
niacin 0.1 mg
vitamin C 0 mg
TABLE 4
Lactic acid
bacteria count
Medium Culture condition )
BL agar aerobic, 37° C., 72 hr < 1,000
anaerobic, 37° C,, 72 hr < 1,000
aerobic, 30° C., 48 hr < 1,000
aerobic, 25° C., 7 days < 1,000
MRS agar aerobic, 37° C., 72 hr < 1,000
anaerobic, 37° C., 72 hr < 1,000
aerobic, 30° C., 48 hr < 1,000
aerobic, 25° C., 7 days 1.6 x 107
BCP containing aerobic, 37° C., 72 hr < 1,000
plate count agar
tomato juice aerobic, 37° C., 72 hr < 1,000
agar anaerobic, 37° C., 72 hr < 1,000
skim milk agar aerobic, 30° C., 48 hr < 1,000
Elliker agar aerobic, 25° C., 7 days 1.6 x 10°
glucose/yeast aerobic, 25° C., 7 days 6.0 X 10°
extract agar
SI agar aerobic, 25° C., 20 days 2.2 x 10°

Bacteria are taken from one or two colonies on each
of the MRS agar (separated bacteria a and b), Elliker
agar (separated bacterium c), glucose/yeast extract agar
(separated bacterium d) and SI agar (separated bacte-
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rium e) media. Then the characteristics of the separated
bacteria are examined. As a result, it is turned out that
every separated bacterium is a hetero-type lactic acid
bacillus.

The separated bacteria a, b, d and e are identified with
Lactobacillus brevis. However the a, b and d show arabi-
nose or maltose fermentabilities somewhat different
from those typically observed. The properties of the
separated bacterium c suggest that it might relate to
Lactebacillus brevis, though it is negative in ribose fer-
mentation. Table 5 shows the result of the characteristic
test on these bacteria.

TABLE 5
Separated bacterium
Result

Test item a b c d e
morphology ba- ba- ba- ba- ba-

cillus cillus cillus cillus cillus
gram-stain pos- pos- pos- pos- pos-

itive itive itive itive itive
catalasc — — — — —
formed lactic acid DL DL DL DL DL
growth at 15° C. + + + + +
growth at 45° C. — — — — —
gas production + + + + +
from glucose
gas production -+ + + + +
from gluconate
sugar fermentability
amygdaline - — —
arabinose — — — — +
cellobicse — - — — —
fructose + + + + +
glucose -+ -+ -+ + +
gluconate -+ + + + +
lactose + + + + -+
maltose + + + — =+
mannitol — - — + +
mannose — - — — —
melezitose — — — —
melibiose + + + + +
raffinose — — - —
rhamnose — — - - —
ribose + slight — + +
sorbitol — - - - —_
sucrose — - - — —_
trehalose - — - - —
xylose — — — — -

The fermented milk kefir thus obtained is introduced
into a container such as a tray and cooled to —25° to
—35° C. to thereby freeze the same.

Thus a milk white frozen product is obtained.

The obtained frozen product is maintained at a tem-
perature of 35° to 40° C. or below and dried under a
reduced pressure of 0.1 to 1.0 mm Hg.

The lyophilized yoghurt thus obtained is in the form
of a white or milk white powder having a milk-like
odor.

Table 6 shows the composition of the lyophilized
yoghurt thus obtained.

The obtained lyophilized yoghurt of the present in-
vention is in the form of a white powder which can be
readily handled and stably stored at room temperature
for a prolonged period of time.

Further it may be readily formulated into granules. In
addition, the milk-like odor thereof makes the intake
thereof easy.

Accordingly the lyophilized yoghurt of the present
invention per se can be marketed as a health food by
appropriately dividing and packaging.

The lyophilized yoghurt of the present invention
shows no increase in the inner pressure within a con-
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tainer caused by the formation of COj, which is ob-
served in conventional unlyophilized kefir.

It is further noteworthy that the lyophilized yoghurt
of the present invention has the following excellent
physiological effects.

TABLE 6
Lower
limits of
Analysis item Result detection Note Analytical method
water 1.7% heat-drying in
vacuo
protein 26.3% ! Kjeldahl method
lipid 27.4% Rose-Gottlieb
method
fiber 0% modified
Henneberg-
Stohmann method
ash 6.0% direct ashing
sugar 38.6% 2
arsenic (as undetected 0.1 ppm DDTC-Ag
Asy03) absorptiometry
heavy metal undetected 1 ppm sodium sulfide
(as Pb) colorimetric
method
coliform bacilli negative 3 BGLB method
general viable <300/g 4
bacterial count
except lactic
acid bacteria
yeast count 3.7 x 10%/g potato dextrose
(10%) agar plate
culture
lactic acid 2.8 x 109%g 5  BCP-containing
bacteria count agar plate culture
lactic acid 8.2 x 10%¢ 6  BL agar plate
bacteria count anaerobic culture
Notes:
1: nitrogen/protein coefficient = 6.38.

2: 100 — (water + protein + lipid + fiber + ash).

3: According 1o the Coliform Bacilli Test, Food Sanitation Guidance, Ministry of
Heaith and Welfare.

4: According to the Bacterial Counting in Powdery Refreshing Beverage Contain-
ing Lactic Acid Bacteria, Provision Food-D: Standard for Food and Food additive
(Notification No. 307 of the Ministry of Health and Welfare, 1959).

5: According to Test Mcthod for Composition of Milk, Accompanying Table 2-(7)
of Ministeral Ordinance on Specification for Milk and Milk Product (Notification
No. 17 of the Ministry of Health and Welfare. 1979).

6: Cultured at 25° C. for seven days.

Now the health food of the present invention will be
described in detail.

This health food comprises the lyophilized yoghurt as
described above as well as assistants and excipients.

The assistants are added in order to impart to the
product various physiological effects in addition to
those brought about by the main ingredient, i.e., the
lyophilized yoghurt to thereby enlarge the availability
of the product as a health food. Animal or vegetable
substances conventionally marketed as health foods or
folk medicines are available therefor.

Preferable examples of these assistants include an
extract of Acanthopanax senticosus Harms. (Eleu-
therococus senticosus Maxim.), that of Cichorium Intylous
L. and antlers of a reindeer, though they are not re-
stricted thereby.

One of these assistants or a mixture thereof may be
added.

The extract of A. senticosus Harms. may be replaced
by that of ginseng or calcium L(+)-lactate.

The extract of A. senticosus Harms., which has been
used to accelerate blood circulation for a long time, may
be obtained in the following manner.

Roots and stems of 4. senticosus Harms., which be-
longs to Araliaceae and mainly occurs in Siberia and
North East China, are cut into pieces. 500 1 of water is
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added to, for example, 100 kg of the finely divided
product which is thus extracted for three hours at 90° to
100° C. After filtering, approximately 400 g of an ex-
tract is obtained.

To the extraction residue, 300 1 of water is added
again followed by extracting the same at 90° to 100° C.
for one hour. After filtering, approximately 300 1 of an
extract is obtained.

These extracts are combined and concentrated to
approximately 20 1 at 60° C. or below in vacuo. The
obtained concentrate is spray-dried and the dry product
is passed through a screen to thereby give approxi-
mately 5 kg of a homogeneous powder.

A powder of reindeer antlers, which has been consid-
ered as a tonic, may be prepared by finely dividing
reindeer antlers imported from Finland, further ham-
mer-milling the same and filtering the same through a
100-mesh screen to give a homogeneous powder. A
sterilization step may be optionally performed during
the preparation.

The ginseng dried extract to be used in stead of the 4.
senticosus Harms. extract may be prepared by subjecting
root of Panax Ginseng C. A. Meyer in a two-time repeti-
tion, concentrating the liguid extract under reduced
pressure, and spray drying the concentrate. It may be
added in the same amount as that of the A. senticosus
Harms. as will be defined hereinbelow. Calcium L(+)-
lactate may be prepared through a neutralizing reaction
between fermented L(4) lactic acid and lime. It is
added in an amount of 0.5 to 1% by weight of the total
health food.

Further the C. Intylous L. extract, which has been
used in immunoinvigoration in Europe for a long time,
may be prepared in the following manner.

Namely, leaves and roots of Cichorium Intylous L.,
which belongs to Conpositge and mainly occurs in Eu-
rope, are cut into pieces. 800 1 of water is added to, for
example, 100 kg of the finely divided product which is
thus extracted at 90° to 100,°. C. for three hours. After
filtering, approximately 700 1 of an extract is obtained.

500 1 of water is added to the extraction residue
which is thus further extracted at 90° to 100° C. for one
hour. After filtering, approximately 400 1 of an extract is
obtained.

These extracts are combined and concentrated to
approximately 35 kg at 60° C. or below in vacuo to
thereby give a soft syrup.

The excipients as used in the present invention in-
clude lactose and starch. One of these excipients or a
mixture thereof may be employed.

In the health food of the present invention, the kefir,
assistants and excipients are blended in the proportions
as shown in the following Table 11.

TABLE 11

Lyophilized kefir usually 30 to 50% by weight,

preferably 35 to 45% by weight

Assistant usually 7 to 159 by weight,
preferably 9 to 14% by weight
Excipient usually 40to 55% by weight,

preferably 45 to 55% by weight

Table 12 shows the composition of an example of the
health food of the present invention which comprises an
A. senticosus Harms. extract, a reindeer antler powder
anc a C. Intylous L. extract as the assistants and lactose
and starch as the excipients.
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TABLE 12

usually 30 to 50% by weight,
preferably 35 to 45% by weight
usually 1.5 to 4.0% by weight,
preferably 2.0 to 3.5% by weight
usually 0.3 to 1.0% by weight,
preferably 0.4 to 0.8% by weight
usually 5.5 to 10% by weight,
preferably 6.5 to 9.5% by weight

Lyophilized kefir

A. senticosus
Harms. extract
Reindeer antler
powder

C. Intylous L.
extract

Lactose usually 30 to 389 by weight,
preferably 32 to 37% by weight
Starch usually 10 to 18% by weight,

preferably 12 to 17% by weight

When the reindeer antler powder is contained in an
amount less than 0.3% by weight, it shows no tonic
effect. On the other hand, when it is contained in an
amount exceeding 1.0% by weight, no significant in-
crease in said effect is observed.

When the lactose is contained in an amount less than
30% by weight, it shows a poor excipient property for
formulating granules or tablets, as will be shown herein-
below. On the other hand, an amount of the same ex-
ceeding 38% by weight is excessive for the lyophilized
yoghurt or the assistants.

The starch would accelerate the dissolution of other
ingredients taken in the body while at the same time it
acts as an assistant and as an excipients. When it is con-
tained in an amount less than 10% by weight, the bulk-
ing and excipient effect of the same is insufficient. On
the other hand, when it is contained in an amount ex-
ceeding 18% by weight, no significant difference in said
effects is observed.

The health food of the present invention may further
contain sweeteners such as sugar, colorants and preser-
vatives if required.

Now a process for the production of the health food
of the present invention in granular form will be de-
scribed.

The assistants and excipients as described above are
weighed and mixed together. Then water and ethanol
are added thereto and the obtained mixture is kneaded.

The kneaded mixture is passed through a screen of 1
mm in diameter and the particles thus obtained are dried
at 60° to 80° C. for one hour. The dried particles are
arranged by passing through a 12-mesh screen and fur-
ther passed through a 12-mesh screen.

Separately a lyophilized kefir is prepared in the
abovementioned manner and formulated into granules
by, for example, the same procedure as the one used in
the granulation of the assistants and excipients.

Finaily the lyophilized kefir and other ingredients,
each formulated in granules as described above, are
weighed and mixed together to thereby give the health
food of the present invention.

Further the presence of coliform bacilli and general
viable bacteria therein is optionally examined.

In addition, the obtained health food may be weighed
out in a given amount and singly packaged with, for
example, a plastics film, if required. Thus a product
suitable for marketing and intake may be obtained.

Thus a process for the production of the health food
of the present invention in granular form has been de-
scribed. However it is to be understood that the present
invention is not restricted thereby. Therefore it may be
formulated into tablets or provided as a powder by
omitting the granulation step.

The health food of the present invention may be
generally taken in a dose of 2.5 to 3.0 g a day. The singly
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packaged granules as mentioned above is preferable
since it would not scatter at the intake.

Alternately the granules may be packed in a bottle
and taken in a given amount with the use of, for exam-
ple, a measuring spoon.

The health food of the present invention is in a gray-
ish white or grayish brown color depending on the
types and amounts of the added assistants and has a
milk-like odor and taste. Thus it can be easily taken.
Further it shows no change even when stored for a
prolonged period of time.

As described above, the health food of the present
invention contains the lyophilized kefir.

Furthermore, the health food of the present invent
contains assistants in addition to the lyophilized yo-
ghurt.

In addition, the health food of the present invention
may be formulated into, for example, granules by add-
ing excipients. Thus the milk-like odor and taste of the
lyophilized kefir are maintained as such, which makes
the intake of a given amount of the product easy.

To further illustrate the present invention, the follow-
ing Examples will be given.

EXAMPLE 1

17 kg of fresh milk was pasteurized at 140° C. for two
seconds and cooled to 21° C. Then the milk was inocu-
lated with 0.6 kg of activated kefir grains which were
thus cultured therein at 21° C. for 15 hours.

After stirring for three to four minutes, the culture
was further performed at 21° C. After stirring again, the
culture broth was filtered through a screen and 17 kg of
the obtained culture filtrate was used as a kefir starter.

Thus 1.2 kg of the activated kefir grains remained on
the screen.

Separately 10 kg of skim milk was mixed with 323 kg
of fresh milk and the mixture was heated to 70° C. under
thorough stirring. Then it was homogenized under an
elevated pressure of 150 kg/cm?2. After pasteurizing at
90° C. for ten minutes, it was cooled to 21° C. and inocu-
lIated with 17 kg of the above kefir starter under stirring
followed by culturing at 21° C. under occasional stir-
ring. Then the culture was cooled to 15° C. and allowed
to ripen at this temperature for five hours. After cooling
to 5° C., 350 kg of kefir was obtained.

The obtained kefir was divided, placed on a tray and
frozen at —25° to —35° C.
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The frozen product was dried at 35° to 40° C. under
a pressure of 0.1 to 1.0 mmHg to thereby give 49 kg of
the lyophilized yoghurt of the present invention.

EXAMPLE 2

A health food of the composition as shown in the
following Table 13 was produced.

TABLE 13
lyophilized kefir 1000 mg
A. senticosus Harms. extract 81.90 mg
reindeer antler powder 17.55 mg
C. lntylous L. extract 234.00 mg
lactose 833.275 mg
starch 333.275 mg

Thus these ingredients in amounts as shown in Table
13 were thorougly mixed together and the obtained
mixture was granulated.

The granules thus obtained, which were in a pale
brown color and showed a milk-like odor and flavor,
were tasty and could be easily taken.

We claim:

1. A health food which comprises 30 to 50% by
weight lyophilized kefir yoghurt, 7 to 15% by weight at
least one ingredient selected from the group consisting
of an extract of Acanthopanax senticosus Harms., an
extract of Cichorium Intylous L. and a powder of rein-
deer antlers, and 40 to 55% by weight of at least one
excipient.

2. A health food as set forth in claim 1, which com-
prises 35 to 45% by weight of the lyophilized kefir
yoghurt, 9 to 14% by weight of the assistant(s) and 45 to
55% by weight of the excipient(s).

3. A health food as set forth in claim 1, wherein said
lyophilized kefir yoghurt is a fermentation product
obtained from milk and kefir fungi and wherein the kefir
yogurt fermentation product is in the form of a lyophi-
lized powder.

4. A health food as set forth in claim 1, wherein said
excipients are selected from the group consisting of
lactose and starch.

5. A health food as set forth in claim 2, which com-
prises 1.5 to 4.0% by weight of an extract of 4. sen-
ticosus Harms., 0.3 to 1.0% by weight of a powder of
reindeer antlers and 5.5 to 10% by weight of an extract
of C. Intylous L.

* * * * b
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SUBIECT MATTER OF THE INVENTION

1. & method for preparing & product capable of imparting 3 taste of mest, by mixing
organi carborylic acids with a Bould medium, characterized in that in order to impart the taste
and aroma of fried meat, a sulfur-containing compound is introduced o the mivture, the sulfur-
containing compound being selected fronvthe group conyprising 3-acetyl-3-mercaptopropanal-1
and thismine, whereits the whode misture & heated to initiate reaction,

2. The methed according to claim 1, cheracterized in that the heating of the mixture is
carried put at 3 temperature of from 1800F [B2.3%C) to 350°F {176,780},

3. The method according to daims 1 and 2, characterized in that the pH of the medium
during the reaction is maintained withina pH range of 3.5 to 700

4. The method according to dlalmes 1-3, characterized in that 3 nonsubstituted aliphatic
acid, an amino-substituted and an oxy-substituted acid, predomdnantly acetic, lactie, glutamic
and tartaric acid, are used as the ovganic carboxylic acids.

5. The method according to clalms 1-3, characterized in that the acids are a product of
protein hydrolysis,

6. The method according to oelms 1-5, characterized in that in order to accelerate the
reaction, additional sulfur-cordaining compounds are introduced inte the misture, whereln the
additional sulhur-rentaining compeunds are selecied froum the group comprising amino acids that
refease hydrogen sulfide during the reaction, lower alkyl mercaptans, lower alkyd sulfides, lower
alkyl disulfides, hydrogen sulfide, and inorganic compounds having the formula MS,, wherein M
i= selected from the group comprising an alkall metal, an alkaline earth metal and ammonium,

and S, is selected from the group comprising sulfide and hydrosulfide,
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DXATNARE  FELILI0EE WL B, JVFELIIZ0EER L, LS H T 5D
DTHD,

7R AT, LRTEM RS O a7k ERIOZ) RICERELY 52
TRUNRY | M ZER T AT OMOERE RS Bl AR AT — V1, VR
« EDMDARNER, EDMDIRIER LIS NI Z|'IR | P VRIR R UE/
TUVERIRENEEN TV THRYY,

¥, n—3R DR ERMFNEIHE R O XIXZ DA T AREE A+ 58545
W RE S ELDT DT TN OE BRI T LT8R EL, BRILAAERD IF1E
WCHRHZHIBRIZA DS, ED—F &L TNMBEGLER D 3 1 OIS, MNEMLBED J5 15T
IR IS | BR LB IE A2 TSR B 1370< . X, IR LRV A-4% PR T T
HIMLEH IR, BABGCRIZE W T, @H . 40°C—200°CIZEVT0. 1REE—240/K¢H]
MBS BHERDY, IFELLIL, 80°C—180°CIZINTO. SHFHE— 7 2MREfmEL4
Do

X, n—6RDEHEERFIIEIIE R Y, I ZD=AT NARDE) B % R4
DD IR GAVER I B2 IR LAV T 22 LI k> T, FOR—JEgH
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[0042] i, ARFEBH DRSS ERRFIENIR A, O T E D= AT ARG S 2 7 K ]
EHI, FENEEETHRLE RRICNBEEOBVLIRETZ8IZE>TH FH
RO FA BT DT E RS,

[0043] i, =RATIUARD T THRHT 7V Y AT )V OGAICIL, B8R B R fafu gl
BIIENDDZRTIARIZH AR THBEMER SV OT, L B CAFEH O RES
DTEMHIRD, LT, AT /ARITHRRIEM: A3 EL K — 7 TR I AL T
WHD T, ZAT ARG S TSI IR EH G &R <25,

[0044] B, AFINL, Bl EomsiRn ERZ S ARSI H S b O TH D, Z
T N—RERDMEHMIELL TR, HEE ITAMIMEROLDEHE N5 823
HikD, ZOX57 MR DFIE LT, HlZIE, KEh, 3, =— o, OFb
D, HOS., K, T, AV —7 M, RO/ S—AWEEZH T8 URD, Z0
HCH, FRT, 7700072 OMBGRERIC FICHIAS D R E M, FREM, =
— U RO — LB AR Oa 7R R AR 5281285 T, A%
DO REFRNCER T DIERH KD, [EROEEHU Lo yiE2EERAL
THEATHIELHRS,

[0045]  A3h2AEM AR T DO R85 BB ENI BRIZ TN D= RT NVARDER
B, RS R AFIIRISRR OFEEE. LI IERLY) O R E G T TY A
W EIRI T HTE M RED ., aZkH m_ LU MABRL ) TH D701, &
S R A B AR L LGl R . 10—100, 000ppm, FELLiZ. 10—20, 000p
pm, XVFFELLiZ10—5000ppm, FIZFELLIX20—1000ppmTH D, FFiZ,

y UL PRSE OOFE ) FE SR 5= 85 5 BE R R IR UG R 2 5 Lo i I HEL S A0 2
WoDRLT T ALV ST AR L SRR S IFF R O — A& L LU THE AT
BEAITIE A ISR T D v VL TR B8 s AR R R RR TR -5 B
X BH . 0. 06—10%. #FELLIT0. 1—5%EHT D,

[0046] i, BRICEEHR L 72512, RT—T (RUP) 1, A REW, o—Xby 7, RUTZ
7T MIIZITRIB % —22% BRED v VL A BBBEITEH TS, 6o T, 2
oD, FRCRE S EARFIEEBRII TN D RT AR AT D B
MUK ED 3 B IERARFEHADHED IR L. TERIAER 5286 RS
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[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

(o]

X, AFEPE L AR CHEA TR S ER BB A O XITEnA
TIAREIRA SN DY AR DRI B 5 SR 2T TV B RO 7RIG AT,
JOBRBIC= %o ERRMELNDIEE R LI,

NS | AR ORI AR BT, a UL RO B EDS5%LLT ., FilxiE
v a UL URROEEDS0. 01% —5%. IELLIE0. 05% —3% T oI fEHE
DB EL, FIZ, AL AR B 32086 % K U8 X3V /— VB E B’ 3
—25% CHOLOBIVIFFELLY,

BEICREaR L 728012 A AR AL 2 3617 2 Re B i BE R Fn iR MR B OF X
TDZRT NARD GBI, el m B fafElEgEL TER . 10—100, 000ppm
L HFFELLIE, 1020, 000ppm, LVEFFELLIZ10—5000ppm, FIZHFFLLIE20
—1000ppm TH D, . ZDLHREIIEFEL T I NT, BRI TR IS 1
FTLLE FILTODRLETR,

M, RT7—Y (RID) MR PT I A5 MBI a VIV RN RE IS B S
NTELT, FLABE B LRI THD, fit> T ZhHDMIITDHNLL
T AR IERL A L L CTHRE R b D TH D,

ZHLTHRLNDARZFEBH ORI IL . AR % 72 INEGRBRE, #1121, 80—3
00C. JV4F£LLIZ110—300CITMBET SIHBHEICAE AT 52 L3 TES, ZDX
SRR EEGIIH TMB T DL AR O m B 2 AV CGRELI- Mo
BRSEEL . B DWE — @5 &7 8 D e HIRD,

Bz, ARFHIT, ARFHO= 2z A &, 3 m IR S % & tea 7 RS
Al B L7 5 ICHARD, 2T MR ERD R OB AT HIRIT2RL B2, &
FEZ FA B &h K OO EOMFAR M, WONZ, HL— & T-. R OBE5EEDOMAR
WNELZBTHZEN RS, ARFORMLIZ. TIUCEENDIARIIARD2Y
i) BRI G2 E T oA AR S Lo T BB R I 7R ) R RIE ) 23
frEEN TS, ZhbD R ihid, BEICFRdk L2k Eh A 2812 ko T,
TIZEDazBMAnb T2,

PEoT, ARRHIXFIZ, AR O Zbkm EHIS T AR S E2 R E A
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[0054]

[0055]

[0056]

[0057]

EHBHIEDDD, BiDaZkE n EXW5 FEICED, 22T, ARP Oz 7k
M EFNCEH ENSRHEEERBFIRIR KR O X3E O AT AR NC a7 bk
HEEEANIL, K BB RMICHEINTHIEIC k> TH R R 2152 kD
o e T, AFPNT, I, RS ERRFNEIIR KR O, XIIE DT AT AR, K&
a7 2 B BN RS (ZEINT 5280305 . RamDarkizh ESw5
FFETHERD, W, ZOLTEBUIHEIMNTDERIT, R ORI ERfafufg
IR R O AT % D AT AR UNZ 2 7 R B SR A D B i B 72 Bl d . AR
azkE ERIZRMUISE LRRRLDOE2DEICTHIENEFEL, H, b
B B 57 DESINEFH NEFFF T A ORI F TG U T, HEE P EERIRT 528
Hik2,

RS FICERENDARH O RN EFI I3 E S Tetid sk oo &
CHRFICHIRIZZ2N 23, s R R R 8 & B R R R . O8 XU3E D= R
FIARDOBIZHHEIL T, 0. 1—100, 000ppm, LVEHFELLIZ0. 1—10, 000ppm
EOAIEHILICE- T BMDOaZlkn ERIRBPH/LND, HlZIT, B, 2A—7
BOWARELDITH LT, BAERHICRE S ERRER A O/ X3 DT RT
NARD BlZ R LT, #HFLLIE1—1, 200ppm, EVEFFELLIT1—500ppmE & H
SHEBHILIZEST, BT RA ERIRBELND, X, N S—T OIS [ER
RMITBWTIL, RS E A RIBEE R Y AT E DT AT NARD B THAH L
T, FELLIE20—2, 500ppm, LVEFFELLIZ20—1, 000ppmEHAHIEHZ LI
XoT BaDaZEN LB RBIBLID,

LUFIZ, EHEFNCIOARFEI 2SI BAARRIZER T 2235, AFEY D EAIHGEH
T ENITIRESNDE D TRV, W, ABHIE . FFHTErHOO 20 RY | T9% 113 T
HE%EBEWRTD,
AR T, har mo— VR B HE M AR ATk (H AL am)
2.4.10-19961ZHE> THtT T 5T e R D, X, Aol Eld EIEWMAR S04k (H
AT Mm) 2.4.2.2-1996 12 K-S & ST BT LD RS,
<'BEHEFAIE >

LUF OB REFIC W T Ia sk pifb k45 ) L1345 K O FHtE B (255 [0
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[0058]

[0059]

[0060]

[0061]

[0062]
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DFRE ], TEBRODOIRE )| [BRDIRE | L N EZ RO IRE | B3 ENENDFODLFELE
I TERBRDOFELE || THROGFELE ) K OTHRROFELE ) ZH LS5 ELIIHE
ROZERRTDILETHD,
2RIV n=7
UTOEBHFIOFRERERLICRIZBITIDAESOERIZLLTOLEBYTHD,
X A b — L IOV ERITF FLL2V Y A ar b — L L& O ar br—r
KOFRWEIZIILTEL; @z hr— L XD BAMIEVVETZ IR AFEL
E L
<fEHUI= RS fafufis g >
TR EARRNZVEIR (AATG #iEA0—45% :: F T AT 227 (BK) I5e., 3
YR — () i) . RT—T My VL U BR20% - StatfoldthBY) | K o U /L 2R3
F&EH (Low Linolenic Canola Oil, LA T, TLLCJ. BkO R (BK)) . M (LLTF. T
COJ. TRORBLH (BR) ) . &AL A BRIEHLAE M (High Oleic Safflower Oil, BLF, T
HOS ], BB HEh () 2L,

(1]

ReimssRk (%)

Ci6 C18:0 C18:1 C18:2 | C18:3 (n-3)

CcO 3.9 1.9 62.5 19.5 88

HOS 4.6 1.9 76.3 14.2 0.2

LLC 3.3 1.7 73.5 15.4 2.4
[#2]

P27 2o NVBHRUSE

NMNe4#3>>E5—67 1 ADMxt

a G ¥ o)
=8 (mglg) 707 16 4 3

< abazxoo—LOaZREEMEkSE L TORR >

LUF DR TR i B R ARG K O/ F7213 Z D AT AR L R a ba 7z
— VELR| S R AR A L 7 ukin _ERIZ FREIL -,
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[0063]

[0064]

(1)LLC

(2) 1%AATG.”LLC(AAO. 4%)

(3)0. 5%AATG/LLC (AAO. 2%)

(4) 1%AATG+0. 002% o b= 7 =z— LHHI/LLC

(AAO. 4%, a hm7=x—/114.1ppm)

(5) 1% AATG+0. 01% o b7 — )LBIF|/LLC

(AAO. 4%, o P27 =2—)170.7ppm)

(6) 1% AATG+0. 02% o b= 7 =m— LRI /LLC

(AAO. 4%, o b=27=xr1—/)L141ppm)

(7) 1%AATG+0. 2% o b= 7 mor— ) LBIF| /LLC

(AAO. 4%, o ;a7 xr—11410ppm)

(8) 1% AATG+2% a ha 7z — LBIFI/1LLC

(AAO. 4%, o b7 =r1—/114100ppm)

(9)0. 5%AATGH+0. 02% o b7 =r— )LHELEI/LLC

(AAO. 2%, o bz 7=x1z—)L141ppm)

PRI 152 I 15 TR A L120°C T30 72 I —# (TR Hle 2 —
HL— | EAE A dh (BK) ) 3gB TRIMNLELIZ 1055 MB L ZL—n—Z R B 7=
o TAVVAR—T (Tl YA Bk (BR) 1. 7%%HK) 500mIZHRANUMEBL = A
A—TEPRBILT-, I — N —FaL Y AR TCHE R — A — BRI,
[#3]

(1) (a>ro—i) & (2) okbsk
B (T 2 kA EFD (1) (2)

AA L ARHEE (ppm) 0 112.5
HFEHOBERS -
FEOOHFTLE —
R (DR X -
JABOIFE L X -
FIOY: = -
TR FE L X —
kDX —
BHOIFE LS —

©|0|0|0|0|0|0|©
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[0065] [F4]

(2) (@rra—=)) & (3) (4). (5) (8), (7). (8). (9) Otk

EES (2) (3) (4) (5) (6) (7) (8) (9)
WPaltar=p—) 0 0 14 71 141 1410 14100 141
BE (ppm)

AA BIEERE (ppm) 112.5 56.3 112.5 112.5 112.5 112.5 112.5 56.3
T hOMX — X A O @) © @ O

HHOFFELE — X A © © [©) © O

JATR Do X — X A O O @ © O

BHOFE LS — X A O ® © ©) O

LR S — X A © © ©) © O

HROHFE LS — x A © © © O O

ek DM & — X A © ©) ©) © O

kD FE L X — X A O O O O @)

[0066]  EFERAITRLIEHERIZEBWT, (2) (Brba—)b: a had=ma— L2 EHLR)
L(4). (). (6). (7). (8) DIEEIZIVT, AATGHE I —HIZ[FIRE TH. (5).
(6). (7). (B) DRED a baT =1 — L EEHHTHIEICLYr RN EE)RIHE R
SN EVHIBAL 72, Bz, (2) & (3) DEEIZIBVT, a7k m L RITZAATGHE
FEDARN (3) 1T (2) ITH_EDH, a haZ = — L EHMNLI= (9) 1Z (3) LAATGHE
ERFEIC TS (2) LA Eoazikm E3REARBEL I ERHPI L,

[0067] <kpksr DR ST EL CTORFE >
2.5%AATG/LLCITXL ., AR 18k - T/KHi%0.00005—0.1% (Fe: 0.1—200ppm) %%
MU TH—Z S 72, 0.8% R /KIZ0.1%EMLT=,
(1) 2.5%AATG/LLC
(2) HEFEES 185 - 77K 0.00005% % (Fe:0.1ppm) /2.5%AATG/LLC

3 0.00025% (Fe:0.5ppm) /2.5%AATG/LLC
4 0.005% (Fe:10ppm) /2.5%AATG/LLC
B) » 0.05% (Fe:100ppm) /2.5%AATG/LLC
() » 0.1% (Fe:200ppm) /2.5%AATG/LLC

[0068] [35]
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