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1
METHOD FOR MANUFACTURING
ALTERNATIVE MEAT FROM LIQUID
SPENT BREWERS® YFEAST

CROSS-REFERENCE 1O RELATED
APPLICATTONS

This present application is a continuation of U.S. patent
application Ser. No. 17/474.075 filed on Scp. 14, 2021
wihich application claims the benefit ol LS. Provisional
Patent Application No. 63/221.755 iiled on Jul. 14. 2021, the
contents ol which are meorporated by reference ue tus
speeification. This application also clams the benefit ol 1.8,
Provisional Patent Application No. 63/221.753, {iled on Jul.
14. 2021. the contents of which are meorporated by reler-
cnce te this speeliication.

LD

The present disclosure relates w wethods ol manulactur-
ing alternative meats from Dauid speat brewer™s yeast (SBY)
by high mowstore extrusion cooking.

BACKGROUNID

Spent brewer's yeast 15 a by-product of the browing
indusiry. The spent yeast cells are removed at the end of the
bulk Jfermemation. A small swount of it is used (o stan the
next buteh of ferentation. the remaing part ol the speint
veast is discarded. This discarded yeast 1s high i nutricnts.
in pariicnlar proteins. viemins, and minerals. as well as
contaming {unctional and biologically acive compounds
such as polyphenols. antoxidunts. f-glocans und manno-
ProLiis,

Side effects concerns of high levels of yeast leeding on
e acid metabolism of young men. expressed by I ()

Lidozien ot al in Natupe vol 228, 1970 st sale limits of

Ribonueleic scid (ANAY Jor huan dictat 2 g per day. Spent
brewer’s yeust contuins about 10-15% ol RNAL Suoch a high
content imnts SI3Y-based protamn consumpiion down (o
13-20 ¢ per day. which 1s hard 0 manage given 30 g FIDA
recommended allowances for proiein based on a 2000
calorie daily dict and 60 g per day average protein cou-
sutnption from red meat. poultry. and fish {(boncless weiglu}
in ihe US.

Known chemical, enzymatic, and heat treatment methods
ol reducing RNA content in SB3Y still leave the consumplion
ol 81Y-bused protein ot risk. Because ol the high RNA
content. the use ol spent brewer™s veust For laman applica-
o 15 limited 10 debittered. dored. or antolyzed Havor-
ephancing extrcts with vp 0 2% inclusion in the food
products,

Currentiy. the wagority of the ligquid spem brewers”™ yeast
is composted or vsed as animal feed. Ammal agriculiure
coninbutes o climate change with greenhouse gas omis-
s, new methods of processing {or dircet human con-
suption are required.

SUMMARY

Method ol manuiscturing food products from g material
comprising liquid spent brewers veast is provided hereim. A
method for processing liguid speni brewers' yeast as the
primary ingredicnt and ai least one secondary protein mpre-
dient into food products suitable for sale human consump-
Lion comprises subjecting o mix ol pomary and sccondary
ingredicnts © heat treatinent ot clevated pressure. Lhe

1
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resulting product has o meaty Davor and wxiare. and o
reduced RNA content. The process uses ingredients m their
native liquid form. skipping drving and isolation, which
reduces wasie and s cosi-ellecive.

Ic 1s understood et the  nventions  disclosed  and
described 10 this speailication are ot imited o the aspects
sumarized e this Summary, The reader wall appreciate the
{oregomg details, as well as others, upon considering the
{ollowing detaled descripion of vanons non-lmiting and
non-cximmstive aspeets sccording ww this disclosure.

BRI BESCRIPTION OF T DRAWINGS

The features and advantuges of the examples. and the
wuer of attaining them. will become more appareit. and
the examples will be better understood. by relereance o the
following deseription of embodiments taken in conjunction
with the accompanying drawings. wheroin:

FIG. 1 s o meat-like product with o muscle-hike exture
wade according o Hxample #1.

FIGL 2 38 @ lexiured product similar 1o vegetable bacon
bits made accordmg o Example 52

The exemplifications set ont herein tllostrate certain
embodiments. 1 one o, and sueh excphiications are
uol W be construed as limiting the scope of the appended
cloims many manner.

DETARLED DESCRIPTION OF NON-TIMITING
EMBODIMENTS

Various examples are descrtbed and tlostrated herein to
provide an overal]l understanding of the structore, lmction,
and use of the disclosed methods. systems. composiions.
and products, The vanous exumples deseribed and illus-
trated herein are non-limitmg and nop-exhavnstive. Thus, the
mvention s not limited by the descripton of the vanous
non-limiing and non-cxhaustive examples disclosed herem.
Rather. the mnvention is defined solely by the claims. The
leatures and characteristes ilustrated andior described in
conneclion with vanows examples may be combined with
the featores and charactenistics of othor examples. Such
wodilications asud variations are intended 160 be incloded
witlun the scope of this specilication. As sucli the clanus
way be amended W recite any featores or characteristios
expressly or mherently described . or otherwise expressly
or inherently supported by, this specilication. Forther, Appli-
cant reserves the nght w amend the claims w allirmatively
disclaim leatures or charsctenstics that may be present in the
prior arl. The varous examples disclosed and desenbed in
his specilication can comprise. consist of, or consist essen-
ally of the features and characileristics as  variously
described herein.

Any putent. publication. or other disclosure wmaterial iden-
tfied herein is incorporaied herein by reference in dis
entirety unless otherwise indicated but only (o the exient that
the meorporated matenual does not coudlict with existing,
definitions.  statements. or olher  disclosure material
expressly set fonh o ths specilication. As such. and o the
extent necessary. the express disclosure as set lorth s
specification supersedes any contlicting material incorpo-
rated by reference herein, Any material. or portion thereol.
that is suid 10 be incorporated by reference into this speci-
fication, but which conflicts with existing definitions. state-
menis. or other disclosure material set forih herein, is only
meorporated to the extent that no conflict arises between hat
corporated mateoal aud the existing disclosure waterial.
Applicant reserves (e right w amend this specilication 1o



US 11,412,759 Bl

3
exprossly recite any subject matter. or portion thereol.
incorporated by reference herein.

Reference  throvghout  the  specilication o “various
cxamples.” “some oxamples” Yone oxample” or TCan
exampie™. or the hke. means that g particular Teature.
strcture. or charactenstic deseribed 1 counection with the
example 15 included i ot Jeast one example. Thus, appear-
ances of the phrases “in vadons examples” “in some
examples.” " one exowple”. or Yin un example”. or the
like. 10 pluces thronghout the specilication are not pecessar-
ily all referring w the same example. Funbermore. the
particular {oatures, structures, or charactenstics may be
combined in any suitable manner 1 one or more examples.
Thws. the particular fealures. structures. or characlenstics
illustrated or desenbed in connection with one example may
be combimned. m whole or m part. with the features struc-
tures. or characteristics of one or more other examples
without limitation. Such modifications and variations are
intended (0 be wwinded within the scope ol the present
examplies.

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
cluructenstic of the underiving weasurement techiigues
sed 1o determme he numerical value of the parameter. At
the very least. and not as an attempt o hmit 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.

Al ranges recited herein are inclusive of the endpoints 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
sub-ranges between (and including) the recited mimmum
value of 1 and the recnted maxnmmin value of 10, that is.
having o winimom value equal W or greater than 1 and o
maxmmom value cqual (o or less then 10 Any maximmm
numerical limitation recited i his specification is intended

e
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o include all Jower numerical nnitations subsumed therein
aned any muninnnm numerical limitation reciied in this speci-
fication is intended 1o include all bigher numerical limita-
tons subsumed therein. Accordingly. Apphcani reserves the
nght w amend s speetficoton. incloding the claims. 1©
expressly recite any sub-range subsumed within the ranges
expressly recited. Al such ranges are inherently described in
his specilication.

The gramimatical artcles "0 “an” and “the.” as used
herein. are mtended W include "ot least oue™ or “one or
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
e or more than one (Le.. o " least one’™) of the particular
wentilied elements. Further. the use of a sigalar noun
includes the plural, and the wse of o pluzal noun incldes the
singular. unless the context of the vsage requires otherwise.

In ihis specification, unless otherwise ndicated. all per-
centages {e.g.. weight percent protenn. pereent protein. per-
cent woistare} are W be understood as being based on
weght.

A method of making altcrnative meat 15 disclosed herem.
The wethod neindes high moistire extrosion cooking ol
about 60% 1o B0% by weight Bawd spent brewers yeast with
aboutl 20% w 40% by woglt vegetable protein st 1530 ¢
iemperature, 20 bar prossure for 2 minutes. The resuliing
product hias a meat-like appearance and palatability, 23.3%
by weight protein. and just G.09% RNA by weight.

The mvention allows safely cating wore than 10 times te
FI?A recommended daily amount of protein. which s
equivalent to more than 2 kg of anmmal meat. which is 8.96
tmmes Ingher than average dmly meat consumption {from red
weat. poultey. and fish {(boncless weight) o the US secording
o LRiA,

The use of spent brewers yeast m s liquid {orm reduces
costs for debitiering and drving. The use of vegetable
profeins in their native form reduces costs For extraction and
bry-products utilizaton. The naturally oceurnng meaty avor
and BBOQ-like color reduce costs Tor sceondary ngredients
such as maskers, bitter blockers, Javors, and colors resuliing
m costs cheaper than ammal meat.

a4, o, -

TABLI 1

Met hodds Tor BNA reducrion e incresssed S3Y-based prorcim consunyion

Bl rhae
Alkaline
Hvdrslvsis

sedution, Cumen

hesw shock. Ivenion.

spent Iinzvimaiv dialysis amd he mix ol 70% Upper
browers” Idrolysis or washing el lignid =13y sale lewel
yeast Mitrsn, CanepuL Trevelvan, and 30t ol RNA
mireatel 20 U7 1974 Sovhean nwal per day, 2
RNA Jevel "o TLH- 1500
XA level for 3 g 335500 1,672,000 AT-2 59 1y =2
prevein (ageonding 1o
Flas RIBA basedon
2uon cal diery, 2
RN devel for dr g 400,00 202,440 0,68 3 RT [[Bes 2
PN (AVERIge Unei
of prvein consuned
Trownn recl meat . pouliry,
Al lisl (hongless
waighty in e LS g
Sale oo of protwin 20L00-300% 0 SOUD-SURE 41K 1T 33769

Lor iy consanymion

hasesd on RNA content, ¢
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TABL T-conunned

Mothods Tor RNA reduction lor inereased $13Yhased prolein consmnplicn

hosphae
soltin,
It showk,

Alkaline
Hydrolysis

urent
nyen s,

Spwenl By dialvsis amd e mix o W%y LUpper
brewens” Ivdrlysis o woashing frealinent. liguid 1BY  sale bevel
wgasl Marsion, e, Trevehyan, and 0% ol RNA
e 2uk 1972 win Sovhean meal per day, ¢
Wi ol DLUE-0,12 140,23 U067 207

meal 1o el salely per
day dhasesd o anineld
cymivilent ot 2
@ predein per 100 g), Ky

Optinnzing processing parameters lor different combina-
tions of primary and secondary ingredients in some embaodi-
ments of he present invention. extrsion emperaiure may
vary lrow Y0 C o 180G CL pressure in the extruder barrel may
vary lrom R bar o 150 bar. rotwtion may vary from 250 o
1800 RPM. the processig tune may vary lrom 1w 5
mimes, preforably 2 minnies.

Spent browers” yeasi can be parred with muluple protemn
sources. In some embodmments. the primary mgrediont s
chosen (rom spent distillers” yeast liquad bakers” veast.
liguid nutational veast. or surplus yeast from ethanoel manu-
factnng. In some cwbodiments. the primary mgredient 1s
derived from various sirins of Saccharomyceetes class, such
as Saccharontvees cerevisiae, Saccharmvees pastorianus.,
Saccharonees carlsbergensis. cle. n some embodimients.
the pramary ingredient can be obtained by wixing dry speint
brewers veust and hgmd. resulting in about 10-40% solids.
In some embodiments. the primary mpredient can be deb-
ittered. intolyzed. or hydrolyred.

In some cmbodiments. the secondary protem mpredient 1s
chosen from vegetable protein i its native. coucentrated or
isolated fonu. microbial prowin. ungal protwein. suimal
protem. cultured protein, or a combimation thereol. In some
cmhodiments. the sccondary protein mgredient may contin
Fat. corbohydrate. Navor. color or o combiation thereol. (n
soie cinbodiments. the ingredients way contain 1-15% Fat
(.5-2% dry weigin Caleinn Chdende. (.3-1.5% dry weigln
gums (such as Sodivm Alginate). 0.2-0.0% dry weight
[ecithin.

Vurying (he rauo of spent brewer™s veast and secondury
protein ingredients results i products with different wex-
res. The igher the ratio of the hqmd spent browers”
yoast  the more moist food product  similar o animal
meat (high mosture meat analog). Reducing the spent
brewer’s yeast coutent down o 20-30%. and increasing the
secondary protein content up o 60-80% results mea drier
food product. similar to textured vegetable protein.

In varions examples, the product can comprise 80% of the
liguid spent brewers™ yeast and 20% secondary  protein
ingredicnts. In various exampies. the product can comprise
T0% ol the bauid speat brewers™ veust and 30% sccondary
profem ingredients. In varons examples. the product can
comprise 60% of the liquid spent brewers' yeast and 30%
secowdary protein ingredicits. [ vanons examples. the
product can comprise 5% of the liqud spent brewers™ yeast
and 309  sccondary  protein  ingredients. [n various
examples, the product can comprise 40% of the hgmd spent
brewers” yeast and 60% secondary proten ingredienis. n
various examples. the product can cowprise 30% of the
liguid spent brewers™ yeast and 70% secondary  protein
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mgredients. In vanous examples. e product can comprise
20% of the liquid spent brewers” yeast and 80% secondary
protein mpredionts.

CGiven dilerent serving sives set Tor different lood prod-
ucts e some cinbodinents. the RNA contemt in the food
product 15 casier o calenlate as less than 4% of the tood
product’s proiem dry weighi. In some embodiments, the
RNA comteni m the {ood product s better to calenlatie as loss
thun 2 g por serving.

EXAMPLES

The present disclosure will be wore Tully understood by
reference w the following examples. which provide illus-
irative non-linniing aspects ol the mvention. [t s undersiood
that the invention described m this specilication s not
necessarily limited 1o the examples described in this section.

lixample T Laguid Spent Brewers” Yeust and

Sovbean Meal

T0% by weight ol hanid brewers” speit yeust conlaimng
20% solids were mixed with 30% by weight Sovbean meal
containing S0% protem and subjected to hiph moisture
exirusion cookmg al a temperature 150 C. pressure 20 bar,
RIEM 400 {or 2 mumes.

The resulting product had 57.8% Moisture content. 23.3%
protein. and GO0RYS RNA. The protein content was mea-
sured according © AACC 46-30 and AOAC 99215, RNA
extraction was performed. and the residual RNA percentage
way caleulated based on the RNA concentration. The resuit-
g product had o meaty avor and o mscle-like fibrous
texture as shown i FIG. 1.

Lxample 2 [iguid Spent Brewers” Yeast and
Yellow Pea

A4 by weight of liquid Brewers spent yeast contaimng
20% sohds were mixed with 60% by weight Yellow pea
containing 24% protein and subjected W extrnsion cooking
al o winperataee 130 O pressure 10 bar, RPM 400 dor 1
winute,

The resulting product had 36.2% mostore content. 18.4%,
protein and 0.094% RNA. The protem content was moea-
sured secording 0 AACC 46-30 and AQAL Y9215, IRNA
extraction was performed. and the residual RNA pereentage
was caleulated based on the RNA conceniration. The resuli-
ing product had a meaty Havor and fibrous texture similar o
vegetable bacon bits n FIG. 2.

Oue skilled iy the art will recognize it the herein
described methods. processes. sysieins. appuralis. compo-



US 11,412,759 Bl

4

neits. devices. operations/actions. asud objects. and the dis-
cussion accompanying them. are vsed as expmples for the
sake ol conceptual clarity and that varions configuration
modifications are contemplated.  Consequently, as wsed
herein. the specilfic examples/embodiments set fonth and the
uccompanying discussions are mitended 10 be representative
of their more general classes. [n poneral. use of any specific
exemplar is intended 1o be reprosentalive of its class, and the
nop-iclusion of specilie components. devices. operations?
uctions. und objects should not be wken as limiting. While
the present disclosure provides deseriptions ol various spe-
cific aspects lor the purpose of illustrating various aspects of
ithe present disclosure andior is potental apphcations, i 1
nuderstood it varations and wedilications will oceor o
those skilled o the ant Accordmgly. 1he invention or mvea-
tions described herein should be undersiood (o be ai Jeast as
hroad as they are claimed. and not as more narrowly defined
by particular Husirative aspects provided herem.
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What 15 claimed 1s:

I. A method of processing amd yeast nto an alleriative

meut suitable Tor human consumption. the method compris-

ing:
extrinding a mix comprising a hquid yeast and a secondary
proiein ingredient at o jemperature of al least 90
degrees Celsivs and ot an elevated pressure ol at least
8 bur w o the alternative meat, wherein the nix
comprises a range of % 1o 80%. inclusively. of the
Iguid yeast based on the toial weight of the nnx and a
nbonucleic scid content i the alemative weat s less
thair 4% ol the dry protein weight of the alteroative
et
2. The method of ¢laim 1 wherein the temperature varies
and 15 at Jeast 90 degrees Celsivs, but no greater than 180

6.
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deprees Celsius, and wherein the elevaled pressure varies
and 15 at least 8 har, but no greater than 150 bar, and wherein
ihe temperature and clevated pressure are applied wgether
{or at least | minuie and no longer than 3 mmutes.

3 “The method of chom T wherein the hguid yeast is
between 60 and 8%, inclusively. by weiglt based upon the
total weiglt ol the mix.

4. The method of clam T wheran the hguid yeasi s
between 40 and 70%. inclusively, by weight based upon the
il weight of the mx.

5. “The method of cinm T wherein the hguid yeast is
between 40 and 60%. inclusively. by weiglt based upon the
total weiglt ol the mix.

§. The method of claim 1 wherein the secondary proicin
mpredient 15 between 20 and 40%, mchsively, by weght
based upon the total weight of the mix.

7. The method of elsim 1 wherein e higqumd  yveast
comprises spent brewers” yeast. speat disaliers” yeast. buk-
ers” yeasl putritional yeast or surplus yeast from ethano]
manu facturing.

8 The method of clam T wheran the hguid yeasi is
obtamed by mixing dry yeast wiih a hqud.

9. The method of claim 1. whercin the secondary protein
gredient comprises vegetuble protent. microbial protei.
{ungal protem. ammal protein. coliured protemn m their
native, concentraied, or isolated lorm. or a combination
thereol.

I3 The method of cluim 1 wherein the yeast in the liguid
yeast 15 one or more of debittered. iatolyzed. or hydrolyzed.

I1. A method of processing yeast 1o an alliemative meat
suitable for human consumption. the method comprising:

exiruding a mix comprismg brewoers' yeast and a second-

ary protein ingredieat ot a temperamure of ai least Y0
degrees but less than 180 degrees Celsius and at an
clevated pressure ol at least 8 bar but no greater than
150 bar 1o {omm e alteraative meal, wherein the mix
comprises a range of 40% to 80%. mclusively. of the
brewers” veast bused on the total weiglt of the nix and
a ribonucleie acid content 1 the shicmative meat 1s less
than 4% of the dry protemn weight of the aiternauve
meat.

12. The method of ¢laim 11 wherem the secondary proiein
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

13, The method of cliim 11 wheremn the lgquid yeast s
between 60 and 8%, inclusively. by weiglt based upon the
total weiglt ol the mix.

14. The method of cliim 11 wheremn the lguid yeast s
between 40 and 70%. inclusively, by weight based upon the
total weiglt ol the mix.
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