United States Patent

AR TRRER LA KL 0 A

(12 aoy Patent No.:  US 11,464,243 Bl
Manchuliantsau (45) Date of Patent: Oct. 11, 2022
(34) SPENT BREWERS' YEAST BASED 4185123 A 11980 Wenger ot al,
ALTERNATIVE MEAT 4212799 A T IOR0 Nuzzoto of al.
4310558 A L1982 Nabm, 5.
; - . L ey {7 4315034 A 21982 devinson ¢ ol
{71} Applicant: ([E]:\)RIU_VI INCL San Francisco. CA A0 A 13 1951 Danermteind of al
N 4435319 A 31984 Pearce
5 ; 5 £ .
{72) Invenlor:  Aleh Manchuliantsau. San Francisco. :f(,jigz t E: :{i:j t;:;:;l"l(ahﬂ
CA(US) 4515818 A 51985 MacDonald ¢f al.
4.551.335 A L1985 Canella ¢ al
(73) Assipnee: USARIUM INC.. San Francisco. CA 474000 A 12 1988 Schumacher
(Us) 4901635 A 21990 Wilhans
4937085 A 6 1990 Chenry o al.
{*) Notice:  Subject 10 any discloimer. the term ol tus 4.9 :"3 490 A !l !?:}? l,]“lm‘f"q .
paient is extended or adjusted vnder 35 :{;‘;33;3 A 31992 Konwinski
N 8270002 A 12 1993 Buchs
US.C154(b) by O days. §$296.253 A 31994 [usas o al
S3IRS62 A 71994 Ralery o al
(21} Appl. No.: 17/571,995 5346714 A 91994 Putors
5391384 A 21995 Mazva
(22) Iaked: Jam, 1, 2022 5430023 A 71995 Avera
5685218 A L1997 Keinper
Related US. Application Duta 5702746 A 121997 Wiik
S723002 A 3998 Lesueur-Brymer of al.
{63y Contnation of application No. 17/475.664. filed on SHRR30T A 31999 Solheim
Sep. 15, 2021, 591203 A 61999 Marlin o al.
50976387 A 111999 [ligo o al.
(60)  Provisional application No. 637221753, {iled on Jul. 5976594 A LL 1999 LaFolictic
4. 2021. 630098 A 32000 Iakshi ol al.
645851 A 4 HEWY Cross
(G111 Int. €1, 6A32791 A 102000 Lox
6,165,349 A 12 2000 Madar
jg:; );j{f”} E%g?gg:; 6.197.081 BI 32001 Schemidi
H : 6,334,108 132 3203 Kanchner
A23F 3/22 (2006.01}) 6635300 131 102003 [lowsam
- ,;1-]2%?](..3[./26 (2006.01) (Continued)
2 e L
CPC L A23T I8 Oy A23F 3227 FORVIGN PATENT DOCUMIENTS
(2013.01): A23F 3/26 (2013.01):. A23L 31/10
{2016.08) BY 10488 'l 4 2008
{58) Ficld of Clussification Search €A 968214 \ ) 31975
CPC o A230 1718 A23) 372270 A23) 3/26: A231. {Contined)
A0
USPC e e 426/4Y OTHER BUBLICATIONS
See application file lor complete search history, .
Gibson ot al, Can Inst, Food Techrol, T3 113108 {Year: 1970)*
(56} References Cited Gibson, 12 Dwivedi, B Production of Meat Substituies From Spend

2062729
2235613
2 HRLO76
3142571
3.527.642
3586662
3723031
3754926

361353
3787583
3861203
3891774
3,904,769
3.908.025
RRINEN
395,564

3066971 -
3070306

4,024 2386
4052516

088 TIS

LS. PATENT DOCUMENTS

R R

G e e e e e e e e e e e e

1.evinson el al.
Cirelek

S

MoeAncily o al.
Harrison <l al,
{YConnor
Bixby ¢t al,

14939
1941
1959
1964
1970
1971
1973
1973

W e TS Y B T

91973
1 1974
11973
6 1975
91975
9 1975
10 1975
4 1976
61976
714976
51977
L 1977
51978

Nowe o al,
Hiuby

Buila ot al.
Baker of al.
Sair et al.
Miller

Barhain ¢t al,
Puski ¢l al,
Movchouse of al.
Wicse of al.
Comelius o ol
Mitchell

SUoimemer

Goodaight. Ir. el al.

A2313 26
426 453

Birewers” Yeasl and Soy Prolein, Can. Inst, Food Techrol, 1. 1970,
3.0 113-115
Pictwry Guidelines for Amwericans, Ninth edition. 2020, available al
hitps: www dictaryguidelines gov.

{Continued)

L {aimid i€ Badr
Ké&i. Gates T1.P

Primarv Exantiner

{74) Attorner, Agent. or Firm

(37 ABSTRACT

Alternative mweat irom o material compnsing spem brewoers”
yeast as the primary mpredient is provided herein. The
product contains {rom 20% w0 80% dry weight spent brow-
ers” veust has g meaty Tavor and wextuee. and 3 reduced
RNA coment. makmg it sale lor nman consuuption.

20 Claims, 4 Drawing Sheets



US 11,464,243 BI

Tage 2

(56)

6,800,308
69015600
G955 831
7575771
7071699
732065
7968760
TAROLL
7984592
8017071
8017820
8048652
8037639
LA RR X
8.192.769
8278081
8293297
8365433
8.372.464
8415122
8451677
856716
8529976
8.603.55%
8642109
685485
8728542
8733544
8820328
8945352
LRIRT W
886,774
9084 94y
919 18}
9125862
G.179.642
$.206.453
$.253.017
9370200
98566
98783358
94907322
13,039 36
13051878
10,172,380
HE214.751
1}, 264 RS
13,299,500
14,344 342
13,553,352
13,645 950
2002 0155206
02 017478}
2003 0064145
2004 DRGTIRG
2004 00%1742
2004 0185148
2004 0202771
2004 02240658
04 02378
JO05 DROS346
X5 0136162
2005 0249860
2006 0040022
2006 00U3TiR
6 0216397
JO07 DI 14896
2007 DOETIHT
2007 DROG L6

2007 0172540 7
2007 0269580
JO08 DOOSKLS
JO08 DOOSK LG -
JO08 DOORKLT -
2008 0OU8RK20 7

LS. PATENT

132
132
B2
B2
B2
132
132
132
B2
B2
B2
B2
132
132
132
B2
B2
B2
132
132
132
132
B2
Bi
B2
132
132
[H|
B2
B2
B2
B2
132
132
132
B2
B2
B2
132
132
132
132
B2
B2
B2
132
132
132
132
B2
B2
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

References Cited

L 2004
6 2005
10 2005
8 2009
82010
4 X
& M
8 XM
& 2011
4200
4200
112011
121

2

62016
1 2018
1 2018
3201%
K 2018
K 2018
1 2019
hii] B
42019
5019
7201y
22020
5 2020
0 2002
1 2002
4 2003
4 2004
4 2004
9 2004
10 2004
11 2004
12 24
5 2005
008
2005
2006
2006
2006
1 2007
4 2007
4 2007
T 2007
1 2007
2008
2008
2008
2008

WA T — T

W

DOCUMENTS

Macenz of al.
Jee, Jr.

Higes ot al,
Ciantar ¢l al,
Adains ol al,
Medoll

Jee, Jr.
Newkirk of al
Ganjyai ¢t al,
Sample

Foody ¢t al,
Fichtali ¢l al,
Pschorn of .
Sluart

Wesder of al.
Schinidi
el ¢t al,
{Xuia

Picrking
Moedoll ot al.
Barrows oi al.
Ahring ot al.
MoeMindes el al,
Almulain
Bauwiner ¢t al,
MeMindes ot al.
Pickardt o ai.
Prevost of al.
Ehling <t al.
Madodl
Maododl o al,
Ganjval
Mavza et al
Woll ¢t al.
Michalek of al.
Trass ¢t al,
Maododl o al,
Dhallcine ¢t al,
Gibbons o al.
Siromberg
Nogris ol al.
MeMindes ot al.
Viljic cl al.
Helling ol al.
Varadan ¢t al,
Nilsen ot al.
Spineili o al.
Passe ¢f al.
Kusuda ot al.
Hewi ¢ al,
Manchuliantsan <l al.
{ Hlando
Cliftord
Fannon

Tricoit o al.
Levi ot al,
Said

1ee

Markhaim ¢t al,
Harbmann
Borders el al.
Kvist of al.
Konecsni el al,
Bouraoui
Tuikovich <t al.
Kerkman
Wong ol al.
Borders el al.
Witie o al.
Neweee ¢ al,
Woerslak

Cho

Singh ot al.
Singh ot al.
Singh ol al.

JO0H {(HL3R495 A & IR
IS LGOI A 7 IR
JO0R (1233266 Al 9 MR
200U (E3R00 AL 2w
20049 4155444 A 6 2009

20049 4155447 Al
20049 ¢155448 Al
HHO 0021600 Al
HHOOPIZI36 AL
M G640 A
2011 0027433 Al
2011 JORI68Y Al
2001 0172142 A
2001 0212239 Al
JOLLAB0USEY AL
20010311599 Al
MH2O003994 A
2012 0171351 A

2009
2009
2o
2o
2o
2011
2011
2011
2011
20010
20010
HH2
2412

0 B NN S RV I O NS N

2012 0204986 AL 1120012
201203001598 A 1120012
M3 O0S2682 Al 203
S LGS A SN
25243004 A 9 HH3
O RRTU00 AL L 2B
2014 QOSS33M AN 3204
2014 00U6764 Al 4 2014
2014 0134316 A 5204
HH4 0141127 Al SXn4
4273140 Al 9 HH4
M4 BIRURE AL UL 248

20150017312 A
20150041574 Al
2015 0056324 Al
2015 GLRIM0T Al

2015
2015
2015
2015

e BRI

LS 0223498 Al Lt
A 250212 AL 9 HHS
MHAB6TOR AL 12 HHS
2016 0017444 Al 12016
2016 CLORIST Al 4 2016
2016 0143337 Al 52006
MG O5RYT AL L 2GS
MG 300743 AL L 2GS
MHG 360770 AL 12 2GS
MHT HD5438 A 4 17
2017 0226439 Al &2007
2017 0226535 Al &2007
2017 0226695 Al 82017
MHTRDTEG AL O HNT
MHT 303558 AL M XHNT
U I0590 AL LL 2N
21E 0327792 A1 112018
2019 0000120 A 12019
2019 0075820 AN 32009
2019 0153122 Al 5209
MU HBILAS AL & HHY
O 0223475 Al 7 Xy
O 0223476 Al 7 Xy
2020 0060308 Al 22020
2020 0LIK0SS AN 52020
MIZHH2GDTER A 8120

kl

T

P
[$1})
KR
KR
KR
R
R
w0
W)

FORVIGN PATI

LU77323 A
2652384
24516 Al
102742661 A
0092443 Al
045588 131
221R497 AL
3401931 Al

16357 A
19930019123 A
100248275 Bl
LOB767809 B
2207155 (2
2631827 L

WO 2000 129320 A2
WO 2009 134791 A

Barraclough o al.
Silver ¢b ol
Boerboomn

Uriend et al.
Yakubu ¢l al.
Mooie ot al
Solorio ¢t al,
Madison ¢f al.
Ward ot al.
MeMindes el ol
Ruf ¢t al,
I'Tlancgan ¢t al.
Smith ¢ al.

Carin ¢t al,

Uranke o al.
Boursior o al.
Tlsich ot al.
Solorio
Choroimanskl el al,
Karges ¢ al.
Medodl o o
Crodlrond ci al.
Cordle ¢ al.
owis ¢f al.
Powell ¢t al.
Koimplin <t al,
Jincks el al,
Jincks cf al.
anghauser
Legaudi

Tegel

Anderson

Cecava ot al,
Bausmer cl al,

Cin of al

iy et al
Wonger

Moedodl ¢ al,
Woemdeln ol al.
PPasse

Lis el al.

Spinelli cf al.
Sherlock o al.
AJani e al.
Nguyen el al.
Tuibiman
Rowlamds el al,
Jaramiilo Freydell o ol
Lisper of al.
Manchuliantsao
Brovwn of al
[ossen o al,

Redl el al

Mateus ¢ al,
Manchuliantsao
Manchuliantsan of al.
Manchuliantsan of al.
Manchulianisau ot al,
Schein
Manchuliantsan of al.

INT DOCUMIENTS

L1 1984
112014
g 2017
10 20312
10 1983
31095
8 2He
[t b
6 1918
101933
32000
19 2007
4 X7
9 X7
1 200
112009



US 11,464,243 BI

age 3

{56) References Cited
FORBIGN PATENT DOCUMENTS

Wy WO 2D 135679 AL 120
Wy WO 2000 17760 A2 9 X
Wi W 2017 075078 Al 52017
Wi WO 2019 102298 A 52019
Wi WO 2019 106072 A [

TR PURBLCATIONS
U8BA Food Availability (Per Capila) Dala System. 202 1. available
athips: www.ersusda.gov dala-products food-availability -pei-capita-
dita-sysiom .
T Fdozion ot ol Fleets of high fevels of yeast Feeding on wric
acid metabolisin of young incn. Nature vol, 225, Oct, 10, 19700 p.
¥
Marson, (L% Saturno, B Comumian, UAC Consoli. T Machado,
MULDC L Dubinger. MDD Maillard conjugates (rom spent brew-
ei’s yeasl by-producl as an innovalive cncapsulating malerial. Food
Res. Ing. 2020 136, 109365, ISSX 09639969, hiips: doiorg 1
1016 j.foodres 2020, 109365,
Canepa. A Picher M. Romero, O Toha, LC A method for large
reduction of the nucleic acid content of yeast. Biotechnol. Bioeng.
1972 vol. 14, 173177
Trevelyan, WL Chaemical imcthods for the reduction of the purine
contenl of baker’s yeasl. a forin of single-cell protein. ). Sei. Food
Agric. 1976, vol. 27, 223.230.
Jacger AL Avendt EK. Zannini [ Sahin AW, Brewer™s Spent Yeas
{BEY L an Undermilized Brewing By-Product. Ferimentation, 2020,
G{4) 123, htips: doiorg HE3390 fermentationtO4( 123,
AIDM, PRO-FAM= 974, Isolaied Soy Protein, 066-974, Top. 26,
2008, 1 page.
Da Graca Costa do Nascinento o al., “Use of sesamie ol cake
(Sesapum indicam £y on corn expanded exinadaies”™, Food Resenrch
[nternational. 2012, vol, 45, pp. 434-943,
Sivarmmakrishnan ¢ al. “Chapter 13 LEdible Ol Cakes”. Biotech-
rology for Agro-Indusinial Residises Ulilisalion, 2009, pp. 253-271.
Suknpak et al., “Physical Properiics of Directly Uxpanded Fxpudakes
Lormulated from Partially Delatied Peanutl Flour and Diilerent
Types of Stweh™, Pood Research Intemmationnl, 1997, vol. XL No.
8. pp. S7R-5R3.
Sokolowska cl al.. “Characleristics of rapesead oilcake using nitro-
gen adsorption”. [nternational Agrophysics. 2003, 27, pp. 329-334,
Stein, “Nudnitional Value of High Fiber Coproducis From the Copra,

Yalin Kernel. and Rice Indusirics in Dicls Fed o Pigs”. Journal of

Animal Scicace and Biotechrology. 2015, vol. 6. No. 56, 9 pages.
Sutiirpk et al. “Potential Application of Ascorbic Acid, Cilrie Acid
and Oxalic Acid for Browning Inhibition in Fresh-Cut Proils and
Vegelables”., Walailak | Sci & Tech. 2010, vol. 7. No. L. pp. 5-14.
Mclivily ¢t al.. “[nhibitlion of Lnzymatic Browning in Foods and
Beverpges™, Critieal Reviews in Pood Science and Nudridion, 1992,
vol. 32, No, 3. 253273,

Navila cf al. “Degradation Kinctics of Chlorogenic Acid al Various
pH Values and FHects of Ascorbic Acid and Fpigallocatechin
Cipilale on Uis Stability under Alkaline Conditions”, J. Agric. Food
Chem.. 2003, vol. &1, pp. 966972,

Salgado of al.. “Sunflower Protein Concenirates and Isolates Pre-
paved From (N Cakes Tave Thigh Waker Selubilily and Andioxidan
Capacity™. ) Ain Oil Chein Soc. 2001, 88, pp. 351-360.

Wong. Jacqueline. “Food Wasle Diversion Options Analysis in
Pomona, CA”, A Thesis presenied o dhe facuily of California Slate
Polytechnic University, Pomonn, 2HE, 99 pages.

Bhatl ¢ al.. “lrom food wasie 1o valuc-added swrplus products
(VASPY Consunier aveeplinwe of a povel food product category™
F Consumwy Behav, 2007, pp. -7

Yakhomova (1N “Development and use of a lunctional food
forifier from rapeseed cake”. Thesis lor application (or academic
degree of Phly. Oreie 2004, (Bnglish absiract included o p.

I corresponds 1o Pakhomova QN “Development and wse of

functional rapesced incal enrichinent agent™ as cited in the Dee, 5,
HHY Indemational Search Reporl and Wridken Opinion of the ISA
for mtemational Application No. POT TRZHY 044238).

Interpational Search Report and Writken Opinion of the Intema-
tional Scarching Authority for Inlernational Application No. POT
US2018 030084 dated Aug. 9. 2018,

Shepon e al, “Epergy and profein feed-to-food conversion cffi-
vieneies in the TS and potential food scecurity gains from dictary
changes™. Laviron, Res. Let U1 Oct 2006, 8 pages.

Rodrigues ol al.. “Increasing the Protcin Content of Rapesced Meal
by Fymatic Hydrolysis of Carbohiydraies™, BioResources, 92}
2014, pp. 2010-2025.

Biugger ¢t al.. “Next Generalion Textwiized Vegelable Proleins”.
Food Markeling & Technology. Ape 2017, pp. 20-24.

Brookdield CU3 Tenure Analyzer, Operating instnictions, Mapua)
No MIRAT2.00 LS, Brook field Fagineering 1aboratorics, Ine.. 56
PALCS.

Vestjens, Lanra, MSc Thesis Biobased Chemisty and Technology.
Supflower-based protein fraclions {or Jood applications, Wageningen
University & Resepch, Jul. 7, X117,

Berk. Zeki. Chapler 6: lsolated Soybean Protcin. Technology ol
Production of Edible Flowrs and Protcin Products from Soybeans.
FAG Agriculbarad Services Bollelin No. 97, bl www faoog 3
(053 20 0532007 hitm, aceessed Oul 31 2019

Beshpande et al.. “Optimization ol a chocolate-favored. peanul-soy
beverage using response surlace methodology (RSM) as applied to
copstmmer aveeplabilily data™, Swiss Soviely of Food Science and
Technology. 41, 2008, pp. 1485-1492,

Ren ot al. “lsolation and Characlenization of Sunflower Prolein
Isolaies and Sunllower Globulins™, Information Tech. and Agricul-
tvad Fng. ALSC 134, 202 pp. 441-440.

Perediya el al. ' The Fodder Production’s Extiusion Technologies™.
Vestnik NIDMZh Jowrnal No. 4 120). 2015, pp. 60-63. (English
abstract included ab p. 63 corresponds to Porednya VL o al
“lxbasion fechnology in feed produciion” as cited in dhe Dec. 5,
2009 International Scarch Report and Wiilten Opinion of the 184
for Intemational Application No, PCT US2019 0442583,
Interpational Search Report and Writken Opinion of the Intema-
fional Searching Authority For International Application No. PCU
US2019 044258 daled Dee, 5. 2019,

Makow. 8.4 ot al. “Fealuies of Fractions Chemical CCompound of
Supflower Oileakes and Meal ol them Reagentioss Division” Invesiiin
VU Zov Pishchevaia Tekhinologiin, No. L 2012, pp. 29-3 1. (3nglish
absivacl included a1 p. M coresponds o Mackov S.AL e al.,
“Leatures of The chemical composilion ol fraclions ol sunilower
meal and nieal dusing their reageni-free separation” as cited in e
e 52019 Interpational Scarch Report and Wriklen Opinion of ihe
18A for [nlernational Application No. POT US201Y 044258).
Andrianova 1N Chlorogenic Acid and Productivity of Bioilers.™
All-Russinn Besearch and Technrological Pouitry Dnstitode (WVNTUTY),
Non 902005 pp. 17220 (Beglish abstract incladed af po 17 cor-
responds 1o Andrianova cited in the Dee, 50 2019 Inlernalivnal
Secarch Report and Wiitlen Opinion of the 18A (o Inlernalional
Application No. PCT US2019 044258).

Meal WholeSeed Feeding, Nadional Supdlower Association, aceessed
Feb, 200 2020 from hups: www.sunllowernsa.com wholeseed . |
pagc,

Sunflower as a Feed, National Sunflower Association. aceessed Feb.
21 2020 Frow hips: wwwsunflowernsacom wholeseed sunflowes-
as-a-leed . & pages.

Sunilower Protein. AURL Agriculiural Udilizalion Rescarch Insti-
fuie, S, 2 pages.

Wildermuih, b al., “Chlorogenic Acid Oxidation and lis Reaction
with Sunflower Proleins o Forin Green-Colored Coinplexes™. {Com-
prehensive Reviews in Food Scicnee and Food Safety, 2016, vol. 15,
P B-843

ABC aboul PLANETARIANS. video aired Mar. 19, 2018, KSTP-
TV, Minncapolis. MN. accessed Lroin hitps: www youlube.com
walch?y 34 OWwnjidicaiure youtube.

“Planctaians Aiming 1o Fight Childhood Obesity with Food Waste™,
Sustainable Brands. Xov, 16, 2017, accessed from higps:
sustainablebrands com read waste-pol planclanians-aiming-to-fight -
childhood-obesity-with-lood-waste, 5 pages.



US 11,464,243 BI
Tage 4

{56) References Cited
GTHER PUBLICATIONS

Stope, Dawna, Do Planctians Supflower Chips Tlave More
Prodein Than Beol?!”, Bold Business, Feb. 27, 201¥, aceessed {rom
hilps: www boidbusiness.coin aulrition planctanians-suntlower-chips-
more-prodein-beck . 6 pages.

leeding the Fulure, Successtul Panning, Sep. 17, 2019, accessed
from hups: wwwagricullure.com news business leeding-the-
fwture. & pages.

Today's Dictician, Great Valley Publishing Company. Inc. May
2018, vol, 200 No. 50 69 pages.

Planctarians: “Aniimal Agriculture Cannof Feed the World™. Ot 26,
2018, vepeonomist, acvessed from Bips: vegeonomist.eon interviews
planctarians-animal-agrivoilure-cannoi-feed -the-world | ¥ pages.
Burwood- laylor. Louisa. 2019 AgFunder AgniFood Tech Innova-
tion Awaids Winners Announced. Aglunder Network Patrers, Mar
21, 2009, accessed From htips: aglupdemews.com 2H9-aglunder-
innovalion-awands-winncrs-announced htinl. 4 pages.
PLANEFTARIANS Sunflower Chips. Xational Sunflower Associa-
tion, Doc. L 20U8, accessed from hilps: waw sunilowemsa.com
magavine articles defaliaspx?. 4 pages.

Askew. Kary, “Plancladians lics-up with Barilla. Amadori 1o inno-
vate with up-cyeled sunflower flow™, Mar. 19, 219, FoodNavigator.
com, aveessed from hips: waw foodpivigniorcom Aricle 29
03 19 Planctarians-tes-up-wilh-Barilla- Aimadori-to-innovate-with-
up-cycled-sunllower-llour?utm sonice copyright&uim medivim
OnSilcdrubm cumpaign copyright. 5 pages.

Muray, Sarah, “Accelerpiors speed development of promising Food
start-ups™. Linancial Tines, Mar, 11, 2019, accessed from hitps:
waww il com comtent 7780 0-20de- 1 1eD-922 27024072 22700, 4 pages.
Peters, Adele, “lverything you need o know abont the booming
business of Dghting ood waste™. Tun. 19, 2019, accessed lrom

htips: waw fsteompany cont Y537075 inside-the-booming business-
ol-lighling-food-waste. 7 pages.

Leinonen ¢t al.. “Lysine Supply s a Critical Faclor in Achieving
Sustainable Globa Protein Jeonomy”, Uroptiers in Susiainable
Food Systoms, Apr. 2009, vol. 3. Article 27, 11 pages.

Ajandouz. ¢t al.. “Noneadymatic Browning Reaction of Fssenlial
Ainino Acids: Lllect of pH on Carenelizalion and Maillard Reac-
fon Kincties”™, J Agric. Food Chon, 1999 47, 5 |7RG-1793.
Jnglish abstract only.

Lin ¢ al. Extiusion Process Paramelers, Sensory Characionishics.
amd Structural Propeitics of a High Moisiuie Soy Protcin Mueat
Analog, Jowrnai of Food Scicnee, vol. 601 No. 3 2002, pp. 1066+
1072,

Solae'™ Product Slandard. Supwa® 320, [solaled Soy Prolein,
version: 10 [ssue Bate Apr. 2. 2010, 4 pages.

Uyiman Grain Product Specification Sheet for Non-(GMO 108,
Soybean Meal. Sclect SCE Do, 70201000 | page.

Internationzl Feed. Sunilower Sced Meal Produat Sheel. Feb. 17,
2005, 1 page.

Sotiile of al. Com Meal-Sunllower Meal Bxbdales anpd Their
Physicochemical Propenics. Journal of Food Science. vol. 59, Xo.
2. 1994, pp. 432-435,

Yue of al, Nagive and Seccinylaled Sunflower Proleins Use in Bropd
Baking. Journal of Food Scicnce. vol. 56. No. 4. 1991, pp. y92-995,
Reddy o al.. Supplementation of Wheal Mulling with Dricd Dis-
tiliers Grain Vlour, Joumal of Food Quality, 9. 1986, pp. 243-249.
Arepa with Soy. Mintel, Record 1) 6281913 Jan. 25 2HY.
hilg www.gnpd.com. 2 pages.

Interpational Search Report and Writken Opinion of the Intema-
fional Searching Authority For International Application No. PCU
U52020 052385 daled Dee. 7. 2020,

* cited by examiner



U.S. Patent Oct. 11,2022 Sheet 1 of 4 US 11,464,243 B1

FIG1




U.S. Patent Oct. 11,2022 Sheet 2 of 4 US 11,464,243 B1

FIG. 2




U.S. Patent Oct. 11,2022 Sheet 3 of 4 US 11,464,243 B1

FIG.




U.S. Patent Oct. 11,2022 Sheet 4 of 4 US 11,464,243 B1

FIG. 4




US 11,464,243 Bl

1
SPENT BREWERS™ YEAST BASED
ALTERNATIVE MEAT

CROSS-REFERENCE TG RELATED
APPLICATTONS

This present application 1s a continvaton of U8, patent
application Ser. No. 17475664, {iled on Sep. 15, 2021,
which application claims the benelit of 1.8, provisional
patent application Ser. No. 63/221.7585 filed on Jul. 14, 2021,
the contents of which are ncorporated by reference mto tus
speetiicatiown. This apphicaton also clunns the benefit ol U8,
Provisional Patent Application No. 63/221.753, {iled on Jul.
14, 2021, the contenis of winch are also incorporated by
relerence e tins specilication.

LD

The presemt disclosure relates 0 aliernative meat made
from spent brewer's veast (SBY) as the primary mgredient
with the nclusion of wore than 20%,

BACKGROUNI

Spemt brewer’s veast 1s g by-product ol the brewing
indusiry. The spent yeast cells are removed at the end of the
bulk fermentation. A small amount of it is used (o stan the
nexi batch of fermentation. the remaming part of the spent
veast is discarded. This discarded yeast 1s high i nutricnts.
in particular proteins. vitamins, and winerals, as well as
contaming {unctional and biologically acive compounds
such as polyphenols, antioxidants, f-ghcans and manno-
profeins.

Production ol meat substitutes from spent brewers yeast
und sov protein as promising applications was described by
121 Grbsonand 13 K Dwivedi m Can Inst. Food “Technol.
INol 3. No. 3. 1970, Side effects concerns of high levels of
veast leeding on urie acid metabolism of young men.
expressed by b CLlHdozaen et al m Natare vol 228, 1970 st
sale it of Wibonueleic acid (RNAY for human dictac 2 g
por day. Spent brower’s yeast contains about 10-15% of
RNA. limiting the use of SBY in food applications by 20%
inclusion.

Currently, the negority ol the spent browers™ veast 15
composted or vsed as animal feed. Animal agriculture con-
irtbuies o climaic change with greenhonse gas cnpssions.
new methods of processing spent browers” yeast {or direct
human consumplion are required.

SUMMARY

Allernative meat from o material comprising spent brow -
ers” yeast as the pomary ngredient is provided herein. The
product contains from 20% 1o 80% dry weight spent brow-
ors” yeast, has o meaty Havor and iexivre. and o reduced
RNA content. making it sale for human consumption.

It is understood that the ventions  disclosed  and
desenbed i this specification are not limited (o the aspects
summartzed i this Summary. The reader will appreciate the
foregoing details. as well as others. upon considering the
following detailed description of various non-limiting and
nop-exhaustive aspeets according 10 this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The leatures and advantages of the examples. and e
manier ol attaining them. will beeone more apparent. and
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the examples will be better understood. by relereance o the
following deseription of embodiments taken in conjunction
with the accompanying drawings. wheroin:

FIG. 1 15 a chicken skewer made according to Lixample
it

F1C 2 is a hop-char burger made according o Hxample
#2.

FIG. 3 s o beel stew made according (o Vxample #3:

FIG. 4 15 a pulled pork lemongrass veggie bowl made
accordmg (© Hxaumple #4.

The exemplilications set ot herein illustrate certain
cmbodiments, i1 one . and such exemplifications are
not o be construed as limiting the scope of the appended
clunus m any maoner.

DETAILEDR DESCRIFTION OF NON-LIMUTING
EMBODIMENTS

Narious exanples are desenbed and iliustrated herein
provide an overall understanding of the structare. Danction.
and wse of the disclosed methods, systems. compositions,
and products. The vanouws examples described and ilus-
trated herein are non-limiting and non-exlumstive. Thus. te
ivention is ot bmited by the descripuon of the varions
non-limiting and non-exhaustve examples disclosed herei.
Rather, the mvention 1s defined solely by ithe clams. The
{eatures and characteristics lusizated and/or described in
conuccton with various examples may be combined with
thwe Jeatures and charactenstics of other exowples. Such
madilications and varations are miended o be inclhoded
within the scope ol tis specilication. As such. the clams
may be amended fo reciie any features or characteristics
expressly or mhberently described i or otherwise expressly
or inherently suppaornted by, this specilication. Farther. Appli-
canl reserves the right o amend the clims 1o aflinmatively
disclaim featvres or characienstics that may be present i ihe
prior arl. The varous examples disclosed and desenbed in
this specilication can compise. consist o, or cousist essen-
tally of the leawres and charucteristics  us  variously
described herem.

Any patent. publication. or other disclosure material iden-
tficd herem s incorporated herein by relerence o its
entirety unless otherwise indicated but only (o the extent that
the meorporated matenual does not coudlict with existing,
definitons.  statements. o other  disclosure material
expressly set {orth m s specilication. As such. and o the
exteint necessary. the express disclosure as set lorh w this
specilication supersedes any conllicting waterial neorpo-
rated by reference herein, Any maierial, or portion thereoll
that is said 1o be mcorporsied by referonce inio this speci-
fication, but which conflicts with existing definitions. state-
wweits. or other disclosure material set Jorth herein. is only
icorporated w0 the extent that ne condlict arises between that
meorporaied matenal and the existing disclosure materal.
Applicant reserves ihe nght w0 amend this specilication to
expressly recite any  subject matter. or portion thereol.
mcorporated by relerence herein,

Reference  hroughont  the  specification o “varions
examples.” “some examples” Cone example” or “an
example”™. or e like. means that o particular feature,
structare. or characteristic desceribed in connection with the
exuinple is meluded 10 at least one exampie. Thus. appear-
ances ol the phrases “mn varous examples.” “m some
examples.” “in one example”. or “in an example”. or the
like, in places throughout the specification are not necessae-
iy all relernog 0 the same example. Portheonore. the
particular features. stroctures. o characteristics may be
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cobined i any suitable manier 10 one or more examples.
Thus, the particular features. structures, o charactensiics
illustrated or described in connection with one example may
be combimned. m whole or m part. with the features struc-
wres. or charucteristics of one or more other exuamples
without limitaoon. Such modificutions and variations are
intended (0 be wwinded within the scope ol the present
examples.

In this specification. maless otherwise  indicated. all
numerical parameters are o be undersiood as being prefaced
ud modified e all mstances by the term “aboul.”™ e which
the nnnerical paroiwlers possess the herent variability
characieristic of the underlying measurement technigues
sed 1o determme he numerical value of the parameter. At
the very least. and not as an attempt o Innit the application
ol the doctane of equivalents 1o the scope ol the clunus. cach
numerical parameter described herein should at least be
constreed m light of the number of reported significant dipits
and by applying ordinary ronnding technigues.

All ranges recited herein are inclusive of the cudpoints of

the recited ranges. For example. o range of V1w 107
inclades the cadpoints 1 and 10, Adso. any numerical range
recited herem includes all sub-ranges subsumed wihm he
recited range. For example, a range of =1 o 107 includes all

e

e

20

4
wwore.” unless otherwise wdicated. even 11t least oue™ or
“one oF more” is expressly vsed in certain mstances. Thus,
ihe {oregoing grammatical articles are used herein io refor o
one or more than one (i.e. o “ai least one™) of the particular
wentilied elements. Further. the use of a sigalar noun
icludes the plural. and the vse of o plural noun includes te
singulur, unless the context ol the usape requires othwrwise.

In ihis specification, unless otherwise ndicated. all per-
cemages (e.g.. weight percent protemn, percent protein. per-
cenl mosture) are 0 be undersiood as bemg based on
weight,

Alermatve weat from o material compnsing spent brew-
ers’ yeast as the primary mpredient s provided herein. The
product contains 30% dry weight speni brewers' yeast, 10%
dry weight Soy prowin isolate. has o meat-like appearanee
and palatability. 24.4% by weight total protein content
similar W animal weat and G.099% RNA by weight. wiuch
15 nnexpecied.

Such a low RNA content allows safely cating vp to 10
tmes the FI2A recominended daily amomnt ol protein. wiich
1 cquivalent w abont 2 kg of ammal meat. wiloch s 8 tines
higher than average daily weat consnmpton lrow red meat.
pouliry, and fish (boneless weight) in the US according to
USIDA.

TABLI 1

Methods Tor BN reduction [or increised SIEY-bascd prstein consunyption

Phospline Carrent
solutn, et i,
hea Alkaling mis ol
shock. Hydrolysis 30 BIBY Ulpper
Sl [HIZRSITRTTN dialysis or and L and 10% sale level
hrewers” Ivadrirvais washing realent, Ssoy o RNA
vl Marson. e, Trevelyin. profein per chay,
izt 20y 1972 1976 isoluy ¢
RNA Rl % L0,00- 15 0H)
RNA level For 30 g proacin 335500 L67-2.00 0 AT-2548 O] w2
fageording 1o FIXA RI2A
based on 2000 cal diet). g
RNA level For 600 g proacin A0 240-2.40 L0R-2.87 0,24 w2
[averags e ol pralein
cosied Trent red mean
ponliny, and [ish dhongless
waighty in e LS g
Sale oo of protein fir 20003003 S000-S08K 418417544 qU20d
daily conswimption haseit
o RNA conmtem.
Maxinuwmn wnennt of nes UKD 19-0,23 U067 L.9u

Ier il salely per day
iPsed o annnal
erpuivalent containing 26 g
prredgin pror HHY gy, kg

sub-ranges between (and including) the recited mimmum
valwe of | and the reciied maxinmns value of 100 that is.
having o winimom value equal W or greater than 1 and o
maximn value eaual w0 or less Gun 100 Ay moxiomim
numerical Lmitation recited 1o tis speeification is intended
i inclede all lower mmenical limiiations subsumed therein
and any mimmum pumencal hmiation recited m s speci-
fication is miended 10 melude all higher nmmerical Tinita-
tions subsumed therein. Accordingly. Applicant reserves the
right 10 muend this specilication. weluding the claims. o
expressly recie any sub-range subsnmed within the ranges
expressly recied. All such ranges are inherently descrbed in
thts specilication.

The gramimatical articles "o “m” and “the.” as used
herein. are intended o melude “ot least one”™ or “oue or

9]

Spent brewers' yeast 15 g broad term. which describes
spent yeast derived from muliiple sources. [n some cmbodi-
mweits. thwe source ol spent veast is chosen from spent
brewers” yeust. spent disullers” yeast, surplus yeast from
cthane] manulucuring. bukers” yeast. nutritional yeast. I
some cmbodimments. the spenit yeast 15 derived from vanous
strains of Saccharomycetes class. such as Saccharonces
cerevisiae,  Saccharonivees  pastorianis,  Succharonivees
carlshergensis. o,

Although currently spent brewer's yeast 13 mostly used
{or hnman consumption in the dried form. the vse of liquid
spent brewer's yeast (contaming aboul 8-11% solids) and
hgmd concentraied spent brewer’s yeast (containmg abont
15-25% solids) may beneiit the manulacuring of iogh
wostare meat analogs. simaltanconsly reducing costs Jor
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deying. [n some ciibodiments. the spent yeast can be used 1n
the dry. conceniranied, liquid form. or a combination thereol.
In some embodiments. e spent yeast may contain from
abont 10% 0 about 100% sohds. In some embodiments. the
prmary ingredicit cun be debitered. amolyeed. or hydro-
lyred.

Co-extrusion ol speat brewers” veast with secondary
profemn ingredients clears the allertaste. adds meaty Havor
and BBG-like color, and reduces costs tor debittering and
drying. Low RNA concentration allows (o merease the
inclusion ol spent brewers™ yeast and o (weak the appear-
ance and the tasie towards chicken. {ish. beel, and pork-like
applications. reducing costs For secondary ingredienis such
as maskers. biiter blockers, Javors, and colors resulting in
costs cheaper than apimal mest.

In various exanples. the product can comprise 80% of the
spent brewers” yoast and 20% secondary protein mgredients.
In varjous examples, the product can comprise 70% of the
spent brewers” yeast and 309 secondary protein ingredicuts.
I vanous examples. the product can comprise 60% of the
spent brewers” yeast and 4086 secondary protein ingredicuts.
In varjous examples, the product can comprise 50% of the
spent brewers” yeast and 30% secondary protein mgredients.
I vanous examples. the product can comprise 40% of the
spent brewers” yeast and 6086 secondary protein ingredicuts.
In various examples, the product can comprise 30% of the
spent brewers” yeast and 70% secondary protein mgredients.
In various examples, the product can comprise 20% of the
spent brewers” yeast and 80%% secondary protein ngredicuts.

Co-extrusion ol speat brewers” veast with secondary
protem ingredients i1 ther native form helped o improve
succulent monthice]l hecanse of native {iber, capable of
retainmg more mosture without addmp poms and binders.
I some cubodimients. (e secondury protein ingredient 1s

chosen from vegelable protein i its native. concentrated or

isolated form. microbial protein, {ungal protein. animal
profein, culinred protein, or a combination thereof.

espite having meat-like choractleristics. spent brewers”
veast-bused Tood products may benelit from the melusion of
secondury ingredicats enhancing, the sensory propertics of
the finished product. In some embodiments, the spent brow-
ers” yeast {ood product may contain ai carbohydrate,
lavor. color. or a combination thereol. In some embodi-
ments. e ngredients way comtain 1-15% Fat 0.5-2% dey
weight Caleiom Chloride, 0.5-1.3% dry weight goms (such
as Sodinm Alginate). 0.2-0.6% dry woight [ecithin,

Civen different serving sizes set for dillerent food prod-
uets i some cwbodiments. the RNA content 1 the Jood
product 15 casier W caleulote as less than 4% of the food
product’s protein dry weight. [n some embodiments. he
RNA content in the food product is betler 1o calculate as loss
than 2 g per serving.

LEXAMPLES

The present disclosure will be more (ully undersiood by
relerence 10 the lollowing examples. wioch provide ilius-
trative non-lhniang sspeets of the mvention. 1t s vaderstood
that the invention described in thes specilication s not
necessanly lmited o the examples described m this section.

Pxoample 1 Chicken Skewers. 22.2% by Waght
Pry Laquivalent of Spent Browoers Yeast

65% by weght hiquid spent brewers™ yeast, comaning
11%% solids. contuning 49.6% protenn and 15% by weigin
doed spent brewers yeasl, contmning 51.2% protein were
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wixed with 20% by weigln Soybean meal containng 50.4%
protein and subjected 1o high moisture exirosion cooking at
a temperatore 130 O, pressure 20 bar, RPM 400 for 2
mnuies.

Chicken-like skewers were prepared secording w nstrue-
uons: 0.5 kg of SBY-bused wmeat cul mw 25 mm squiare
picces. Marmated 2-6 hrs oo refrigerstor {marinade: 2
tablespoons Miso paste, ¥4 cup Lime juice, 1 teaspoon vogan
fish sance. 1 teaspoon shoyn. 2 teaspoons honey. | Talapeno
thin-siced. 1 wblespoon wasted sesaime oil). Vegetables for
skewers: Orimini or shilloke nmslrooms. sweel oo,
Sweet pepper. Grilled on cach side for 30 seconds.

The resulimg product had a clean chicken-like tasic with
miso lime Javor and a muscle-like fibrous texture as shown
i FiG. 1. The resulting product bad 22.2% by weight dry
cquivalent ol spent brewers yeast, 59.5% moistare content.
21.3% protem. and 0.072% RNA. The proiein contemt was
measured accordmg 1o AACC 46230 and AOAC 99215
RNA extroction was perlormed. RNA quantification was
wweasured via spectrophotometer and the residual RNA
pereentage was caleulated bused on the RNA concentration.

Lxample 2 Hop-Char Burger. 27.3% by Weight
Dy Fgquivalent of Spent Brewers Yeast

0% by weight liquid concentrated spent brewers' yeast,
containing 25% solids. contaming 49.6% proiem. and 10%
by weight dried spent brewers yeasl, contuining 51.2%
protein were mixed with 20% by weiglt Sovbean meal
containing 50.4% protein and subjected w0 high moistare
exirusion cookmg al a temperature 150 C. pressure 20 bar,
RIEM 400 {or 2 mumes.

L fop-char burger wus prepared according o instructions:
1 1y SBY-bused meat. 6 ox cooked shintuke wuoshrooms. 1
blespoon smoked paprika. 1 tablespoon honey. 1 table-
spoon dark soy sauce. lnsh moss cquivalent ol 2 small egps.
Salt & Pepper about 0.05% wotal weight. Moeat processed in
a food processor Ull broken down but not lally blended:
wshrooms. spices. honey. sov sauce. herbs added and
blended 11l grownd beef consistency and translerred (o a
bowl o mix with the egg substituie 0l moisture content
looks to maich fresh ground beel. Patties fomed 35 mm
thick and cooked on the charbroiler.

The resvlung product had o sucenlent monthieel. umami
Aavor, and texture of grovad beel as shown in FIG. 2. The
resuliing product had 27.5% by weght dry equivalent of
speil brewers yeast. 57.6% Mostare content. 23.9% pro-
tein. sud 0089% RNAL The prowin content was measured
accordmg 0 AACC 46-30 and AQAC 992,15, RNA extrae-
ton was performed, RNA gquantilication was measured via
spectrophotomeier and the reswdnal RNA percentage was
calculated bused on the RNA concentration.

Pxample 3 BBeel Stew. 30% by Weight Dry
Pguivalent of Spent Browers” Yeasi

30% by weight doed spemt brewers yeast, conluiming
51.2% protein were mixed with 10% by weight Soy protein
solate. comaming 9% protein and subjecied 1o high mois-
ture extrusion cookmg at a temperaiore 150 C. prossure 20
tur. RI'M 400 lor 2 minutes,

B3eel stew was prepared according o instructions: 1 (b
S13¥-hased meat ont into approxumate 25 mm trianples. 8 oz,
yellow omon, large dice, 8 oz carrot. 1" dice or oblique cut,
6 oz mssel potatoes. peeled. large dice. V2 cup tamari (or soy
sumeed. 3% caps roow lemperatare wWater. 3 tublespoois raw
sugar. 2 ablespoons curry powder. 3-3.5 or prepared curry
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roux. 3 blespoons neutral oil {grapesced. avocado. canola).
Marinade: combine amari. sugar. curry powder. and | cup
of water and whisk everything together vniil the sopar 18
dissolved. Scar S3Y-based meat 11 o medium savcepan with
2 tablespoons of the oil lor approximately 2 minutes per
side. Onee 10Cs browned. plunge meat inte tie wannade and
let 1stand 10 minutes at room temperature. Using the saime
pan. add the remaining oil and sautc the carrots and onion
over medinm heat for about 3 minutes: stirring fregquently.
Add the potatoes, give ol all a stz and then crumble m vour
curry roux and then stic vatil o0 appears o be evenly
distribmted  abont 30 seconds. Add the remaining waler
{24 cups). sur. and bring (e whole maxtore o g boil. Once
boiling. reduce heat to Jow, cover and simmer for aboui 13
mimies stiring {requenily becanse 1o will want 1o stick. The
potatoes and carrots should be slighily tender when poked
with g kuile ot this pont mdicating that 1t°s done. Serve with
steumied rice.

The resulting product had o strong beely muanui flavor
and a musele-like fibrous texture as shown in FI1G. 3. The
resulting product had 30% by weight dry equivalent ol spont
brewers' yeast, 60% Morsture content. 24.4% protem, and
G.099% RNAL The prote content was wwasired sccording
w0 AACC 46-30) and AOAC 99215 RNA extractuon was
porformed. RNA gquantification was measured via spectro-
photometer and the residual RNA percentage was calculated
based on the RNA concentration.

Lxample 4 Polled Pork, 340% by Weipht Dry
Fanivalent of Spent Browers Yeast

40% by weiglt dried speit brewers yeast, comainiing
51.2% protein were mixed withe 10% by weiglt Soy protein
isolate. containing 9% proten and subjecied o high mois-
re extmsion cooking at a temperature 150 C. pressure 20
bar, RPM 400 for 2 minutes.

Palled pork lemongrass veggic bowl was  prepared
uccording W msteuctons: Ingredients o make 1 large bowl:
4 oz, SBY-based meat. shredded. | cup Rice noadles.
cooked. YA cup Purple Cabbage, sheed, VMango, sheed, 5
cach Snap Peas. 4 leaves head Taude Gems Lettuce. 5 thin
slices Wutermielon Radish. Sprinkic ol Black Sesue &
Lane wedges, Marinade & dressing o make 2 caps: V2 cup
Lime Joice & Lime zest. 2 Tablespoons Soy Sauce. Vi cup
I"1sh Sauce, Y cup Maple Syrnop. Y Ohl. 4-8 gloves Garlic,
2-3 staliks Lemon Grass. tender white parts anly. chopped. 1
shailot. peeled & halved. o make marinade & dressing:
Combine all ingredients in a blender or food processor
Season with Sali & pepper. Divide marinade in half. With 4
cup of marinade marinate shredded Planetaran meat in a
sl bow] for 5 minutes. 1o assemble bowl: Tleat o cast ron
pait until very hot. Seur shredded 813Y-Based meat until
caramelized and enspy. Adding more marinade if needed. In
a large serving bow] arrange all the remaimng {resh bowl
ingredicnts. Place vour scared SB3Y-Bused meat on op.
Drivrle with a lew ablespoons of the renwining marinade.
fidulge and enjoy.

The resulting product had a pronounced meaty Havor and
muscle-hke {ibers as shown i FIG. 4. The resulting product
had 40%% by weight dry cauivalent of spent brewers yeast.
% moisture coutent. 29.5% protein. and 1.32% RNA The
protem content was measored according (0 AACC 46-30 and
AOAC 99215, RNA extraction was perlormed. RNA quan-
tification was measured vin spectrophotometer and the
residual RNA percentage was calenlated bused on the RNA
concentralion.
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Oue skilled iy the art will recognize it the herein
described methods, processes, sysicms, apparains, compo-
nenls. devices, operations/actions. and objects. and the dis-
cussion accompanying them. are used as examples for e
suke of couceptoal clarity sud that various conliguration
wodilications  are contemplited. Consequently. as used
herein. the specilic exomples/cunbodiments set torth and the
accompanymg discussions are inlended o be representative
of their more general classes. 1a general, use o any specidic
exemplar is intended 0 be representative of'its class, and the
uon-inclusion of specilic componcuts. devices. operalions!
actions. und objects shwould ot be wken as lmitng. Wiile
thwe present disclosure provides descriptions of vanous spe-
cific aspects for the purpose of Hlustrating various aspects of
he present disclosure and/or s potential applications. it is
widerstood that variations and modifications will oceur 1o
those skilled in the art. Accordingly. the mveation or inven-
tons described herem should be understood w0 be at least as
troad as they are cluined. and oot as wore narrowly delined
by particular Mlustrative aspects provided herein.

TABLIE 2

1 -basesd allemalinvg el

arpliciiens aceerding o exaunples

Fxample  Example
B 2. Exaumple Example
Chicken Hop-char 3 Teel 4, Palled
shoewer horger Slew park
L1 813Y Lignisd o 3%, Tt
sOLIRCY concentrated ¥
salids 1% 25%
Prowein 49,65 dib it
SEY-bsed protein 4" EAeS
Ind SI3Y I SI3Y 15%, 102, 3040, A%
HOLRY
Salids [iHI%:, Lo, (LT TP
Prewgin conlenl S1.2% 51.2% SL2% N I%
SEY-bsed protein By e 1% 2ty
Iy SBY 232%, 37,50, 0%, A%,
cyuivalem
2l prvtein Sov asolae IR LNILAS JETXIE 10ty
I
Prvein conten S0 S04 L Yiitg
Tewal prodin 20.3% 230% 24 A% 2950
Moisiure AR 37.60% %, S0ty
RNA DT EDYs  DDHPY LR,
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What 15 claimed 1s:

I A meat substlote smtable Jor lmman consumplion
CONPTISIE

at least 20% ol'a yeast by weight based on the dry weight

of the meal substitote: and

arbonucicic acid (RNA) coment less than 4% of the meat

substitute’s protein dry weight. and

whierein the micat substitite is made by extrading o mix

comprising a range ol 40% 10 80% of a liquid yoast by
weght, melwsively, based vpon the total weight of the
wix.

2. Thwe meat substtnte of elaim 1 wherein the ligquid yeast
comprises spent browers” yeast, spent distillers™ yeast. sur-
plus yeast from ethanol manuiacturing. bakers® yeast. nuitri-
tional veast, or o combination thereol.

3 The meut substitate of claim I lunher composing o
secondary protein ingredicat. wherein the seeondary protein
ingredient comprises vegelable protein, microbial protein.
fungal protein. animal profein, or culinred protein. and
wherein the secondary protein ingredient is i o pative.
conceutrated. or isolated fonn. or o combination thereol.

4. The meat substtnte of elaim 1 wherein the liquid yeast
comprises 8 0 25% solids. inclusively. based on the total
weight of the lguid veast.

5. The meat substtate of claim 1 wherein the ligquid yeast
comprises 8 10 11% solids. nclusively. based on the ol
weight of the lguid veast.

6. The meat subsiiinte of claim 1 wherein the lguid yeast
comprises 13 (o 23% solids. inclusively. based on the total
weigin ol the bguid veast,

7. The meat substtute of claim 1 wherein mix comprises
from 63 to 70% liquid yeast by woight. inclusively. based
upon the total weight of the mix.

8 The meat subsiiinte of claim 1 wherein the lguid yeast
comprises one or more ol debitered. anolyeed. or hydro-
lyred veast.

9. The meat substitute of ¢laim 1 wherein the extrusion
comprises 2 heat treatment and a prossore (reatment.

I0. A meat substitute suitable Tor human consumplion
CONPTISIE

al feast 20% ol u yeast by weight based on the dry weigin

of the meal substitote: and

aribonucleic acid (RNA)Y conient less than 4% of ihe meat

substitute’s protein dey weight. and wherein the meat
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substite 15 made from o mix composing o range ol
0% 10 80% of liguid yeast comprising spent browoers'
yeast.

1. The meat substitute of claim 10 {urther comprising a
secondary protein ingredient wherein the secondary protein
gredient comprises vegetuble protent. microbial protei.
lungal protein. ammal protein. or cnltured protein. and
wherein the secondary protein inpredient 15 moa native,
concenlrated. or isolated form. or o combination thercol

12. The meat subsiituie of clanm 10 wherem the RNA
content 1% less than 0.14% of the meat substite™s dry
weight,

I3, The meat substitute of claim 10 wherein the RNA
content is preater than 0.07% and less than 0.14%. inclo-
sively, of the meat substitoie’s dry weight.

14, The meat substitute of claim 10 wherein the exirsion
comprises o heat treatinent and g pressure treatment.

I5. A meat substtote suitable for human consuupuon
COMpPrising:

10 1o 209 yeast protein by weight, inclusively, based on

the toial dry weight of the meat substitnie:

at least 30% by weight of at least one secondary protein

ingredient bused on the wtal weight of the meat sub-
sttute: and

a ribonueleic acid (RNA) content less than 4% of the meat

subsinic's protein dry wenght

16 The meat substitute of claim 15 wherein the source off
the yeast protein comprises speat brewers” veasl, spent
distillers” yeust. surplus yeast Jrom ethane] mannlbcturing.
bukers” veast. putritional yeast. or a combination thereol.

17, The meat subsiituie of clim 15 wherein the secondary
protein ingredient comprises vegetable protein. microbial
proein. lungal protem. ammal protein. or culivred protem.

I8. The meat substitute of claim 15 wherein the RNA
content 1% less than 0.14% of the meat substite™s dry
weght.

19. The meat subsiituie of clanm 15 wherem the RNA
content is preater than 0.07% and less than 0.14%. inclo-
sively, of the meat substitute™s dry weight.

20, ‘The meat substituie of clann 16 wherein the meat
substitule is made by co-extrding he source of the yeast
protein and the second protein mgrediont. wherein the
co-extruding comprises o heat reatment and o pressure
treatineit.,
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