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A PROCESS FOR THE PRODUCTION OF HYDROLYZED
PROTEINS AND THE PRODUCT THEREOF

BACKGROUND OF THE INVENTION

v FIELD OF THE INVENTION

This invention relates to a process for the production.
of hydrolyzed proteins containing no detectable levels of
ﬁonochlorodihydroxypropanol. The resultant hydrolyzed proteins
are clean and bland in flavor and are capable of exhibiting

substantial flavor enhancement characteristics.

DESCRIPTION OF THE PRIOR ART

The preparation of conventional hydrolfzed proteins

(HPs), most éommonly hydrolyzed vegetable proteins (HVPs), is
generally :carried out by acid hydrolysis with hydrochloric acid
under reffﬁxing conditions, specifically using 6M hydrochloric
ac;d at 108°C and-atmospheric pressure. It has been
demonstrated that hydrolyzing proteins under these conditions

' rgsults in the chlorination of glycerol, which is derived from
the residual fatty substances present in the crude protein,
which produces mbnbchloiodihydroxypropanols (MCDPs)  and
dichloropropanols (DCPs). As MCDPs and DCPs exhibit
questionable properties and characteristics, their presence is

not desired in food products. DCPs are readily removed during
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'.ﬂDnoéhlérodihydroxypropanol. The resul tant hydrol yzed proteins are clean

~and bland in f lavor and are capabl e of exhibiting substantial f |avor

enhancenment characteristics. -+~ DESCRI PTI ON OF THE PRI CR
ART " The preparation of conventional hydrolyzed proteins.
(HPs), nost commonly hydrol yzed vegetable proteins (HVPs), is generally
carried out by acid hydrolysiis with hydrochloric acid wunder refl uxing

condi ti ctte evaporationyor usoncefbtayiseciteps cfoend diat stQRG&Fd] C and

at nospheric pressure. It has been denonstrated that hydrolyzing proteins

under t HREQCRSARS ¢ | dinfortunatelyn MOBPshire i mat i pemoved! atrate which is

derived from the residual fatty substances present in the crude protein,
concentrated in the finished product, and therefore, additional
processing steps must be taken to remove the MCDPs from the

finished product resulting from conventionéi procedures.

—— -

in a donvent;onal acid hydrolysis process for
preparing HPs, the formation of MCDPs and DCPs can'be avoided by
using sulfuric or phosphoric acid in place of hydrochloric acid.
However, the HPs produced by hydrolyzihg with sulfuric or
phosphoric acid aie of an inferior quality, since they geherally'
exhibit a bitter flavor.

The specific problem being addressed is that MCDP is
producgd during conventional acid hydrolysis from the
chlorination of the glycerol derived from the residual fatty
substances which are present in crude proteins. As an example,
vital whea; gluien,'which is approximately 75% protein, contains
about 5.0 éb 9.5% fat and other lipid materialé, and is an

.abupdant source of glycerol in tﬁe form of a complex mixture of
mono-, di- and ﬁri-glycerideé, phospholipids and glycolipids.
Numerous factors are believed to effect the formation of MCDP,
including the presence of high concentrations of chloride ions,
high amounts of éxcess acid, high refluking temperatures and
ldng reaction times. Additionally, it is thought that bound

glycerol is more active in forming MCDPs than unbound giycerél.
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mhlch produces nmonochl or odi hydr oxypr opanol s (NCDPs) .and- dlchloropropanols
(DCPs). As MCDPs and DCPs . exhi bit questionable properties and
characteristics, their presence is not desired in food products. DCPs are
readily renoved during - the evaporation or concentration
steps found in standard processes. Unfortunately, MCDPs are not renoved
but are concentrated in the finished product, and therefore, additional
Much is also known about the use of enzymes to '
hydrolyze proteins,,particularly vegetable proteins, for food
use, but not for the purpose of flavor enhancement. What is
taught in the existing art is generallf directed -toward
producing functionally improved proteins, such as the
— eltminitiqn of bitter peptide formation during enzyme hydrolysis
as shown in U.S. Patent No. 4,636,388. Specifically, the patent
discloses a low ash protein product which is pafticularly
adapted for enzymatic hydrolysis. A dispersion of protein is
gelled and then washed in particulate form in a liquid in order
to allow a portion of the non-proteinaceous material to defuse
from the gel into the'liquid, and then the liquid is separated
from the gel. The pretreated product is then hydrolyzed

enzymatically, preferably with fungal protease and pancreatin.

U.S. Patent No. 4,757,007, discloses and claims a
process for the preparation of hydrolyzed products of soy
protein by. partially hydrolyzing soy protein with a protease,
agd then ééparating the resulting hydrolyzed products by using a
5%‘aqueous solution of trichloroacetic acid. The portion of
hydrolyzed protéin with low solubility possesses excellent
emulgifying propérties, while the one with high solubility

possesses excellent foaming properties;

In U.S. Patent No. 3,830,942, a soluble protein
product is produced which is particularly useful in highly

acidic foods, and an insoluble protein product is prepared which

This Sheet Has Been Re

 AMg |i|| ‘




uE

Pprocessi ng steps nust be taken to renove the MCDPs fromthe finished

pr oduct
convent

resulting from conventional procedures: Ina |
i onal acid hydrol ysis process for preparlng HPs, the formation of

MCDPs and DCPs can be avoi ded by using sulfuric or phosphoric acid in
pl ace of hydrochloric acid. . However, the HPs produced by hydrolyzing with

sul furi
gener al

c or phosphoric acid are of an inferior quality, since they

iy ueed iin prepardiag protein enriched bakery Yowid. ¢ Thelpererne ng

addressed is that MCDP is produced during conventional acid hydrolysis

f rom t hdiselloseisnahieomeahodh€og! preducidey it twoprddnctssibinafofming
subst ances which are present in crude proteins. AS an exanple, vital wheat

gl ut en,

anhhqheb&sappﬂmﬂimnteEydéE%t@eﬂnﬁheaginﬂnﬁrseed materials,
adjusting the pH of the slurry to the isoelectric point of the
seed materials, heating the slurry to eieVated temperaﬁures,
adding an enzyme to the slurry,.agttating the mixture during
hydrolysis ;f the material and thereaftér, separating the

hydrolyzed and unhydrolyzed portions of the protein product.

Although enzyme hydrblysis and acid hydrolysis are
generally separate procedures, one reference has_been founq
which discloses the combination of acid and enzyme hydrolysis fo
obtain a protein hjdrolyzate. In USSR Patent Application No.
442800, a method_of obtaining a preparation for parenteral
protein feeding is tﬁught. A method is disclosed wherein the
raw protein material undergoes enzymatiq cleavage, followed by
acid hydrolysis with 5.0% sulfﬁric acid (4.0N), in a carbon
dioxide atmosphere. Thereafter, the hydrolyzate is passed
through an anion exchange column, treated with aluminum
hydroxide and passed through a column containing cation exchange
resin. The acid hydrolysis takes place at about 100°C for about

seven (7) hours.

Many attempts have been madefto produce hydrolyzed
protein products which can be used forévarious purposes.

But to date, no process has been taughﬁjWhich produces a

hydrolyzed protein with reduced or non-existent levels of MCDP
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about - 5 0 to 9.5%fat and other lipid materials, and is an . abundant source
of glycerol in the formof a conplex mxture of nono-, di- and
tri-glycerides, phospholipids and glycolipids. Nunerous factors are
believed to effect the formation of MCDP, including the presence of high
concentrations of chloride ions, high anmounts of excess acid, high

refl uxi ng tenperatures and Iong reaction tinmes. Additionally, it is

érggghglo@%pb%%d tod\preetit ioh B¥ q:xﬁctgfaad&m{ "8 G4dEDEnd e unbound

through controllxng the parameters of the acid hydrolysis, and
‘which hydrolyzed protein product is additionally capable of

exhibiting substantial flavor enhancement characteristics.

- T, SUMMARY OF THE -INVENTION

The present invention relates to the production of
hydrolyzed proteins which contain no detectable levels of MCbP.
This result is achieved by a unique process which combines two
methods of hydrolysis of the protein; mild acid hydrolysis to
deamidate and partially hydrolyze the protein, followed by
enzymatic hydrolysis to reduce the protein'to amino acidsiand
short chained peptides. The'hydrolyzates which result from this%
process may contain substantial amounts of monosodium glutamate,#
up to 36% w/w of the starting proteih, and are therefore capable
of exhibiting substantial flavor enhancement character, and
should be clean and bland in flavor.

The process for producing hydrolyzed proteins,
particularly hydrolyzed vegetable proteins, with no detectable
level of MCDP begins with the selective deamidation of a food
grade protein by adding it to a hot, dilute aqueous solution of
at least one mineral acid. The pH of the resulting deamidated
protein is then adjusted to the appropriate level for the
particular enzyme to be used in the subsequent step.

Thereafter, at least one protease is added to'substantially

i
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NUch |s al so known about the use of enzymes to Hhydrolyze proteins,
particularly vegetable proteins, for food use, but not for the purpose of
flavor enhancenent. What is- taught in the existing art is generally
directed toward producing functionally inproved proteins, such as the
elimnation of bitter peptide formation during enzyme hydrolysis as shown
in US. Patent No. 4,636,388. Specifically, the patent discloses a |ow

Py bl v eargl i ind Ubln)SabB bEULELR) Lo EARLE (pBELAREHRY free

hydr ol ysi persion o rote en was

particul ghendogdidd. a liquid in order to allow a portion of the

non- pr ot el naceous material to defuse fromthe gel into the liquid, and
then the liquid is separated fromthe gel. The pretreated product is then
hydrolyzed enzymatically, preferably with fungal protease and pancreatin.

When food proteins contain residual lipids and when
hydrochloric acid is used, the mildness of the conditions also
directly effect the level of. MCDP In the final product. The
conditions at which the acid hydrolysis or deamidation take
place are significantly milder than thdse used in conventional
processes. Specifically, the mild acid hydrolysis is carried
out at significantlyilower acid concentrations, at lower
temperatures and for shorter pe;iods of time than in
conventional hydrolysis processes. When sulfuric or phosphoric
acid are used in place of hydfochloric acid slightly higher
concentraﬁipns of acid"mayapeﬁﬁecessary in order to achieve an
equivalent degree of deamidaﬁion. However, since no chloridg is
‘present in the reaction mixture, no éh;otipated glyceride
species form when lipids remain in the substrate. By
controllihg_the conditions, deamidation preferentially occurs;
ie, the aiide linkaées are hydrolyzed, but the peptidé'bond .
hydrolysis'ié controlled or minimized. -it is believed that if
these conditioﬂs, are responsible for the lack of formation of

MCDPs in the finished product.
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- . S." Patent No. 4,757,007, discloses and clains a process for the

" preparation of hydrolyzed products of soy protein by partially hydrolyzing
soy protein with a protease, and then separating the resulting hydrolyzed
products by using a 5% aqueous solution of trichloroacetic acid. The
portion of hydrolyzed protein with |low solubility possesses excell ent

emul sifying properties, while the one with high solubility possesses

excel l ent foam ng propertiespgrTaILE NTid S Patent No. 3,830,942, a
sol uble protein product is pTUUUCEélﬁﬂﬁg%—rs—particuIarIy useful in highly
acidic foods, and an insoluble protein product is prepared which

The present process comp;ises a number of steps for
hyd;olyzing a protein, particularly a vegetable proteiﬁ, to
result in a product which contains no detectable level of MCDP.
The term "no detectable level" as Used herein means that there

is no deteétable'level as measured by gas chromotagraphy (GC)

with sensitivity to levelé as low as lppm.

Specifically, a food grade protein is subjected to
mild acid hydrolysis by adding it to a hot, dilute solution of a
food grade mineral acid. The protein can be any one of the
available vegetaple proteins, such as, but not limited to, oil
seed proteins (soy, peanut, sunflower, cottonseed), grain '
proteins, leaf proteins, as well as meat, plasma of milk
proteins, or any combination thereof. The pfeferred protein for.
producing -savory flavors with substantial flavor enhancing
properties:is wheat gluten, a grain protein, due to its high
glutamic aéid content, present mostly in the form of glutamine.
The mild aéid hydrolysis is designed to maximize deamidation of
the protein and; in the case of hydiochloric acid, minimize the
formation of MCDP, through optimization of the level of excess
hydrogen ion concentration. Specifically, after titrating the
food protein, the hydrogen ion concentration is from about 0.001
moiar(M) or pH 3, to about 2.0M, preferabiy 1.0M and the total

chloride concentration should not exceed 2.0M.
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-+ is used in preparing protein enriched bakery goods. The patent .

di scl oses the nethod for producing the two products by formng. an aqueous
""solution of defatted ol eagi nous seed materials, adjusting the pH of the
slurry to the isoelectric point of the seed naterlals heating the slurry
to el evated tenperatures, adding an enzyne to the sIurry, agttating the

m xture during hydrolysis of the material and thereafter, separating t he
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pro;ein concentration being from about 5 to about 20%, dgpendant
upon the particular protein type. Ekamples of food grade acids
which can be used includé hydrochloric acid, sulphuric acid,
phosphoric.acid, and any combinations theredf. The deamidation
step is carried out at a temperature of from about 50 to about
100°C, preferably about 95°C for a peribd of no more than two
(2) hours, preferably approximately one (1) hour.. At this
- point, the deamidation process is stopped by redﬁcing the
reaction temperature to below 50°C. The product can be held in

acid form until it is time to proceed to the enzyﬁatic

hydrolysis.

The degree of protein hydrolysis after mild acid
deamidation is from about 5 to about 36% depending upon the
protein anq the reaction conditions used. A benefit of the
partial hydrolysis is that it may solubilize a substantial
portion of the protein, which can be'separated out at this

" point for subseéuenﬁ enzymatic hydrolysis. Aiternately, the
entire reaction mixture can be subjected to enzymatic hydrolysis
after adjustment of the pH. This can be accomplished by the
addition of any known food grade base, with the preferred base

being sodium hydroxide.
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- «protein feéding is taught. A nethod is disclosed wherein.the raw protein
" material undergoes enzymatic cl eavage, followed by ‘acid hydrolysis wth
“*5.0%sul furic acid (4.0ON), in a carbon dioxide atnosphere. Thereafter, the
hydrol yzate is passed through an anion exchange colum, treated with
al um num hydroxi de and passed through a col um contai ni ng cation exchange
resin. The acid hydrolysis takes place at about 100[err]C for about:- seven

(7) hours. fphe %‘élsui%ing‘c ?ﬁ%&igzlgq ﬁg&%ig(zfeﬁr proteih 13 then

;
HQ - hydrol yzed protein by subj _ eous “solut ther éof 10
hydr ol ysegrtAbrMAgasol1g-er’ eparadia en%da%h'gara%gr SR Protedse’l Pine

S
t
between 5.5 and 8.0 at "a tenperaturé bet ween 20 a a perio

bet ween pPodasset 8nbald @dntain at ledle Bhat aﬁaep;éaee_@m@%i Wh2enOkagl Bl
meal followed by an acid deconposition and neutralization of the product is

di scl osedcididPAnétit®a4 é@Salkaline in foMany Thecprotelasec iBeehogane to
produce hydrol yzed protein products which can be used for various

pur posesdep@adent udpba, anaumberce$ pasaheecersafoht thei parpicdlaes a
- eni&me{suhftrate combination, such as a) the propér pH for the
optimum préteolytic activity; b) the peptide bond specificity,
which is best suited to meet the end product requirements; and
c) the need for debittering the substrate. The preferred enzyme
for the preferred protein wheat gluten, is a neutrél .
endoprotease, spécifica;ly Prozyme 6 (Amano International
Enzyme, Troy, Virgina). Because deamidation converts the
majority of the hydrophobic glutamine residues to polar charged
glutamic acid residues, a proteasé which is specific for
ﬁydrolyzing next to glutamic acid residues méy be useful. For
exahple, the endoprotease from Staphylococcus V8 which
specifically hydrolyzes peptide bonds on the carboxyl side of

glutamic acid residues is particularly useful.

The enzyme hydrolysis of the deamidate occurs at a
temperature of.f:om_about 25 to about 75°C and, with a neutral
enzyme present in the amount of from abput 0.1% to about 2.0% by
weight of the substrate at a pH of from.abbut 5.5 to about 8.5.
Again, these conditions will vary depen@ing on the
protein-protease combination as the pﬁ is dependent upon the
type of enzyme used. For example, ifféﬁ acidic enzfme is us;d,

the pH will be in the range of from about 1.5 to about 4.0 and
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hydrolyzed protein wth reduced or non-existent |evels of MCDP

or DCP due to prevention of the production of MCDP and DCP through
controlling the paraneters of ‘the acid hydrol ysis, and which hydrolyzed
*protein product is additionally capable of exhibiting substantial flavor
enhancenment characteristics.

if an alkaline enzyme is used, the pH will be in the range of
~ from about 7.0 to about 12.0. The pﬁ_range first set out above

is based on the use of a neutral protease.

For the preferred case of wheet gluten and Prozyme 6,
a déutrgl protease, the enzyme hydrolysis is carried out at a
temperature'of from about 40 to about 50°C, preferably 45°C, and
at a pH of from about 6.0 to about 7.5, with a preferred level
from about 0.5% to 1.0% by weight Prozyme 6. The time during
which the-enzyme hydrelysis takes place is dependent upon quite
a number of factors, specifically, the enzyme concentration, the
pH, the remperature of the reaction; the substrate level and the
desired degree of hydrolysis. For the preferred embodiment, a

time period of about four (4) hours is suggested.

The enzyme hydrolysis.is designed to complete the
peptide bond ﬁydrolysis, which is necessary to release the |
- flavor active peptides and amino acids. It does not release the
glutamic aéid or monosodium‘glutamate from glutamine, nor does
it act on the amide bonds of the'glutam;ne which is bound to the
peptides, which.is the function of the geamidation. As stated
above, qdite a range of commercially available endoproteases and
exoproteases may be used to achieve the desired result.
Specific exoproteases, such as Prozyme's which also conﬁains
leucine amino peptidaee,'may be used if:it is desired to reduce
the bitterness from hydrophobic peptides which are present id

hydrolyzed vegetable proteins.
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SUMMARY "OF THE | NVENTI ON . The present invention relates to the
producti on of hydrol'yzed proteins which contain no detectable Ievels of
MCDP. This result is achieved by a uni que process which-conbi nes two

nmet hods of hydrolysis of the protein; mild acid hydronS|s to deam date
and partially hydrolyze the.protein, followed by enzymatic hydrolysis to
reduce the protein to am no acids and short chai ned peptides. The

hydrol yzat es whi cBineeulmilid @vidhideanidation Tendsoticlicavdd donyd i al
amounts of nonosodi-.um glutamate, -up to 36% w w. of the starting protein,

and ar epepeddeobendaphghirelysfissx lany idond inhatdoan bifalenidoprot eayes eaient
character, and should be clean and bland in flavor. The
pr ocesseikoprptedsesnpgused eithed gimuditaneously or sequentially, may be

used to bring about the desired level 6£;protein hydrolysis.

At this point, the enzymatic process may be stopped at
the desire& stage by the addition of acid to the aqueous
solution. This §tep is not a necessary-bne, although it is part
of the preferred process, and the hydrolyzed soluble protein can
be separated from the insoluble mass without it. However,
add;tion of a food grade organic or inorganic acid to bring the
agqueous solution to a pH of from about.z,o to about 4.0 will

- stop the enzymatic reaction, thereby providing precise control
‘of the end point, and providing microbiological stability to the
hydrolyzate may also terminate the enzy@?tic acitivty by other
means such as heat, depending upon the enzyme in use. Addition
of a food.grade acid at the desired time?will also provide for
better sepgration of the hydrolyzed soluble protein from ﬁny

'unhydrolyzéd insoluble mass that remains. The enzymatic

hydrolysis may be stopped by any means bossible once the
hydrolyzate has'reachéd'the desired deqrée of solubi;lty and
degree of hydrqusis. Specifically, théédegree of solubility
should, for economic reasons, be at leasﬁ.so%, with a preferred
level of at least 90%. ' The degree of hydrolysxs should be in
the range of from about 10 to about 90%, preferably about 50% to

about 70%.
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apartlcdlarly hydrol yzed vegetabl e proteins, with no detectable |evel of
MCDP begins with the sel ective deam dation. of a food grade proteln by
adding it to a hot, dilute aqueous sol ution of * at | east one mineral acid.
"The pH of the resultlng deam dated protein is then adjusted to the
appropriate level for the particular enzyme to be used in the subsequent
step. Thereafter, at |east one protease is added to substantially
-6- The hydrolyzed protein is then separated from any
insoluble mass by any suitable, conventional method, such as
filtration or centrifugation or combinations thereof. The
resultant clarified and neutralized hydrolyzate may then be
further processed if desired, to get it into a more usable form.
- Thé’hYQrolyzate can be subjected tu decolorization and
deodorization processes. This is conventionally carried out by
the use of activated carbon. The decolorized, deodorized )
hydrolyzate may then be concentrated. This can be performed by
any number of methods currently known, such as spray drying,
vacuum tray drying or evaporation, for example by a falling thin

film evaporator.

During the mild acid deamidation, substantially all
the glutamine present in the protein backbone is converted to
glutamic acid. During the enzymatic hydrolysis this glutgmic
‘acid is hydrolyzed to free glutamic aci&. Therefore, the amount
of MSG present in the final product is determined .by the
deamidatidﬁ and enzymatic processes followed as well as the
substrate used. For example,.if the vegetable protein is wheat
gluten and the total process goes to full conversion, the level
of MSG in the final product can be as high as about 36% w/w of

the starting protein.

The following are examples of the present invention,

and are not meant to limit the present1invention in any way:
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hydrolyze the deani dated protein to small peptides and free am no acids.
When food proteins contain residual |ipids and when hydrochloric acid-is
used, the mildness of the conditions al so dlrectly effect the |level of
'NCDP I'n the final product. The conditions at which the acid hydrolysis or
deani dation take place are significantly nilder than those used in
conventional processes. Specifically, the mld acid hydrolysis is carried
out at significantly |ower acid colBRAMPLE iDns, at |ower tenperatures and
for shorter periods of “time than in conventional hydrolysis processes.
When sul furic or phosphoric acid are used in place of hydrochloric acid
slightly higher _

This is an example of sequential hydrolysis of a fat

containing protein with dilute hydrochloric acid and a protease.

— . Mild Acid Deamidation -

Protein deamidation was carried out on a 1 kilogram
scale at 10% (w/w) of protein substrate (as received). 850.4
grams of deionized water and 49.6 grams of 35.6% HCl (0.5N) were
charged into a 2 liter, three neqked round bottom flask and
heated with stirring to 95°C. 100 grams of vital wheat gluten
[whose fat (lipid) content typically varies from 3 to 10%
depending upon the source (75% protein on a dry hasié)] were
charged as a powder (Gem of the West, Manildia Milling corp.)
into the reactor through a side port, over a period of
approximately 3-5 minutes. A condenser was placed in the port
and the reaction proceeded for a period of 1 hour at a constant:"
temperaturé of 95°C. The heat source wés removed from the
reaction vessel, and the reaction mixture was rapidly cooled
below 50°C in an ice bath to stop the reaction. The deamidated
protein exhibited total deamidation as measured at approximately

101%.
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-concentrations of acid may be necessary in order to achieve an equival ent
degree of deam dation. However, since no chloride is present in the
reaction mxture, no chlorinated glyceride species formwhen |ipids remain
‘in the substrate. By controlling the conditions, deam dation
preferentially occurs; ie, the amde |inkages are hydrolyzed, but the
peptide bond hydrolysis is controlled or mnimzed. It is believed that

these conditions, gﬁg&ﬁégggﬂﬁyégéigéy the lack of formation of MCDPs in
the finished prOdULL

Enzymatic hydrolysis of the product of mild acid
deamidation was conducted in a 1 liter vessel maintained at a
45:1°C by a constant temperature water bath. - Cpnstant pPH was
maintained via an autdtitrator'pﬂ‘§tat. The general pfocedure
followed f;r.conducting the eﬁzyme-hydrolysis was to charge ﬁhe
reaction vessel with the deamidéte (400 grams containing 40
grams of partially hydrolyzed vital wheat gluten). While the
vessel and éubstrate were being.brgught up to temperature, the
-pﬁ electrode was standardized and installed in the reaction
vessel to eqﬁi;ibrate under agitation to the final reaction
temperature and'the autotitrator was charged with 4.0M sodium
hydroxide. The titrator was set to the target pH (7.5) and the
enzyme solution (8% enzyme w/w in deidnized-water) was prepared.
Once the reaction reached the desi;ed teqpérature, the reaction
mixture was titrated to the desired pH (7.5) with agitation.
Theireactiqn was then started by the addition of 5 mL of enzyme

(0.4 gram§ of Prozyme 6, Amano International Enzyme Co., Inc.

Troy VA. 22974).

After 4 hours, the substrate was removed from the
reactor and cooled to standard refrigerator temperature. Aftgr
acidification to pH'S.O with concentrated food gréde
hydrochloric acid (36.5% HCl), the soluble phase was recovered

by centrifuging the hydrolyiate for 15 minutes at 16,000 X G.
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- -DETAI LED | NVENTI ON The present process conprises a nunber of

~ steps for hydrolyzing a protein, particularly a vegetable protein, to-
result in a product which contains no detectable |evel of MCDP. - The term

™no detectable level" as used herein neans that there is no detectable
| evel as neasured by gas chronotagraphy (GC) wth sensitivity to |evels as
| ow as | ppm Specifically, a food grade protein is subjected

to m | ¢hacudphydeebysiasbynerdnsesuretioby BObtafthite Geolproceutle a

with the results indicating less than lppm MCDP.
EXAMPLE 2

e — -

. This is an example of the-impact of adding a second

protease specific for hydrolysis at glutamic acid residues.

Mild Acid Deamidation

Mild acid deamidation was carried out on vital wheat

gluten as described in Example 1 above.

Enzymatic hydrolysis

Enzyme hydrolysis of the product of mild acid

deamidation was carried ouﬁ as described in Example l.except

that 0.5% (w/w) of the endo-glu C protease from Staghzlocogcus
V8 (Sigma Chemical Co., St. Louis, MO) was added in addition to
Prozyme 6. 'As expected from Example 1, MCDP was not detected in

the final hydrolyzate.
EXAMPLE 3

This is an example of sequgngial hydrolysis of fat

containing - protein with dilute sulfuric acid and a protease.'

fm
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.food grade mineral acid.. The protein can be any one of the available
veget abl e proteins, such as, but not limted to, oil seed proteins (soy,
peanut, sunflower, cottonseed), grain proteins, |eaf proteins, as well as
‘meat, plasma or milk proteins, or any conbination thereof. The preferred
protein for. -producing.savory flavors wth substantial flavor enhancing
properties is wheat gluten, a grain protein, due to its high glutamc acid
content, present wMpsél xcid dHéemigaeieh gl utamne. The mld acid hydronS|s
is designed to maXim ze deam datron of the protein and, in the case of
hydrochloric acid, minimze the formation of MCDP, through optim zation of
the | evel of excess hydrogen ion concentration. Specifically, after
titrating the faedlgratedndeanidayiiongeasi carrbedeautaonovitealf wheasbout
0.001 molar(M or pH 3, to about 2.0M preferably |.OV and the total

chl ori deluterens rdescnibéduln Exampikecddefcept that 0.5M sulfuric acid

was used in place of 0.5M HCl (28.0 grams of concentrated
~— sulfuric¢ acid per 1.0 kilogram batch containing 100 grams vital
wheat gluten). The deamidated product exhibited a degree of

deamidation of approximately 88.0%.

Enzymatic hydrolysis

Enzymatic hydrolysis of the product of mild acid
deamidation was carried out as described in Example 1. MCDP was
not analyzed since background chloride levels from the substrate
were insignificant and the hyorolyzing acid used used during
mild acid deamidation is not hydrochloric acid.

EXAMPLE 4

This is an example of sequential hydrolysis of a

defatted protein with dilute hydrochlorfc acid and a protease.

Mild Acid Deamidation

Mild acid deamidation was carried out on isolated soy
protein (PP 620, Protein Technologies International,

Checkerboard Square, St. Louis, MO) as described in Example 1.

his Sheet Has-Been Reﬂlaced
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_.The*anount' of acid required is, in practice, dependent upon the protein
‘level and protein type. The desired protein level varies fromabout 1 to
about 30% ww, with the preferred protein. concentration being fromabout 5
*t o about 20% dependant upon the particular protein type. Exanples of food
grade aci ds ' :

The degree of deamidation of the protein was approximately

85.0%.

Enzymatic hydrolysis

- - Enzymatic hydrolysis of the product of mild acid

deamidatioﬁ was carried out as described in Example 1. As

expected from Example 1, MCDP was not detected at levels of lppm

or higher in the final hydrolyzate.

~ngﬂﬁmihsBamRTimmd
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_whi eh can be used include hydrochloric acid, sulphuric acid, phosphoric
acid, and any conbinations thereof. The deam dation step is carried out at
a tenperature of from about 50 to about 100[err]}C, :preférably about— - -
‘O5[err]C for a period of no nore than two (2) -hours;
approximately one (1) hour. At this point, the dea
st opped by reducing the reaction tenperature to bel

“product wRAR Qg bﬁ?(imm acid formuntil it |st|metop'mﬂﬂl ’ ﬂ ,
enzymat The degree of protein hydrolysis after-
mld acid deam dation is from about.-5 to about 30% dependi ng upon the
protein and the reaction conditions used. A benefit of the partial

‘hydrol ygi.s i & phakess Tor Thellprodietd ol s aﬁdxﬁdlym tprotedng he protein, .
whi ch can be separated out at this -

containing no detectable level of

ﬁiﬁélﬁ&@ﬂi-ﬁ’eenkeﬁacpg |

monochlorodihydroxypropanol, which:compriseg:

R

(a) ﬁéatihg a food grade protein in a dilute aqueous acid

solution to deamidate the protein;

(b) hydrolyzing the deamidated protein in aqueous solution

by adding to it at least one protease; and
(c¢) neutralizing the hydrolyzed deamidate.

2. The process of Claim 1 which further comprises
deodorization and decolorization of thg hydrolyzate from

step (c).

3. The process of claim 2 which further comprises
concentrating the deodorized and decolorized hydrolyzate

from step (c).

4. The process of Claim 1 wherein thg_acid in step (a) is a

food grade mineral acid.

T



“““reaction mxture can be subj ected

p0|nt for subsequent enzymatic hydrotysis:- Alrérhately,,the entire

d, LOGen xgdj ol ysis after adjustnent
of the pH.  This can be acconpl u}f'e:f qemt | on of any known food
‘grade base, with the preferred basq f n hydr oxi de.
-9- The resul ting Mol yzed protein is then

further hydrolyzed by addi ng to it at Ieast oné”protease The
5. The process of C1a1m 4 wherein the food grade mineral acid

is chosen from.the group cons;stigggof hydrochloric acid,

phosphoric acid, sulfuric acid and;combinations thereof.

6. The process of Claim 1 wherein ﬁhe;food grade protein in
step (a) is chosen from the group:ébnsisting of oil seed’
proteins, grain proteins, plasma proteins, leaf proteins,

milk proteins, meat proteins or combinations thereof.

7. The process of Claim 1 wherein the prote1n added in step 1

is from about 1 to about 30% by weight.

8. The process of Claim 7 wherein the protein concentration is

about 5 to about 20% bf weight of the reaction mixture.

9. The process of Claim 6 wherein the acid concentration is

from 0.001 to 2.0 molar.

10. The process of Claim 9 wherein the acid concentration is

1.0 molar.

11. The process of Claim 1 wheréin théireaction in step (a)

takes place at a temperature of from about 50 to 100°C.

12. The process of Claim 11 wherein the reaction in step (a)

takes place at a temperature of about 95°C.

Cee



- _protease should contain at |east one endoprotease[ whi ch can be acfdic,
neutral or al kal i ne i n f drthinSheehBas kedi S chosen dependent upon a

€l
nunber of paranmeters for tf ; enzyne/ substrate conbi nation, such
‘as a) the proper pH for th g teokytic activity; b) the peptide
bond specificity, which is best sul to meét the end product

requirenents; and c¢) the need for debittering the substrate. The preferred

ST 5, R SO Ml kel e

Because deamgaldn@ptotkasks the majority of the hydrophobic gl utam ne
resi dues to pol ar cﬁérged glutam c acid residues, a protease which is
specific for hydrolyzing next ‘to glutam c acid residues may be useful. For
exanpl e, the endoprotease from Staphyl ococcus V8 which -

14. The process of Claim 13 wherein the endoprotease is an

acidic, neutral or alkaline protease.

15. The process of Claim 14 wherein the pH of the deamidated

protein in step (a) is adjusted prior to hydrolfsis.

16. The process of claim 15 wherein the pH is adjusted to from

about 5.5 to ébout 8.5.

17. The process of Claim 1 wherein the hydrolysis in step (b)
is effected by the sequential addition of at least two

proteases.

18. The process of Claim 1 wherein the hydrolysis in step (b)
. 1s effect by the simultaneous addition of at least two

" proteases.

19. The process of Claim 18 wherein at least one of the

proteases is an exopeptidase:

20. The process of Claim 2 wherein the deodorization and
-decolorization is carried out by the use of activated

carbon.

e .



ASpedifibally hydr ol yzes peptide bonds on the.carq%x side of glutamc

acid residues is particularly useful. . B 1 6lysis of

the deam date occurs at a tenperature of from abg . 75[err]C
0.

fand, with a neutral enzyme present in the amount : 1%t o
about 2.0% by weight of the substrate at a pH of fromabout 5.5 to about
‘8.5. Again, these conditions will vary depending on the protein-protease

conbi Na2IoN ahd ffrddeds SEREIEnms Untdréli® thaPodd PPd&Tpre€sin for
exanple, if an acidic enzyne is used, the pHw Il be” in the range of ?ron1
about 1.5 toratted bPdeein to eliminate MCDP formation in the '

presence of hydrochloric acid.

22. The process of Claim 1 wherein the food grade acid is
-_ ~ chosen from the group consisting of hydrochloric, sulfuric

-

or phosphoric acid.
23. The product of the process of Claim 1.

24. A hydrolyzed vegetable protein which has no detectable
level of monochlorodihydroxypropanol which is clean and
bland in flavor and which is capable of exhibiting

substantial flavor enhancemerit characteristics.

25. The hydrolyzed vegetable protein of claim 24 which
comprises monosodium giutamate in. an amount up to 36% w/w

. of the starting protein.

C:\BTDD\O1
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. -10-° if an al kaline enzyme is used, the pHw Il be in the range of

#'rom about 7.0 to about 12.0. The pH range first set out above 1is based on
the use of a neutral protease. - For:the-preferred case of wheat
.~ *gluten and Prozyme 6, a neutral protease, the enzyne hydrolysis is carried

“out at a tenperature of from about 40 to about 50[err]C, preferably
45[err]C, and at a pH of fromabout 6.0 to about 7.5, with a preferred
level fromabout 0.5%to 1.0% by wei gABSPRaETe. 6. The tinme during which
the enzyne hydrol ysis takes place is dependent upon quite a nunber of
factors, specifically, the enzyme concentration, the

A process for the production'of hydrolyzed proteins
containing no detectable level of monochlorodihydroxypropanol
=——'and-whi?h are capable of exhibiting substantial flavor
enhancement characteristics by using mild acid hydrolysis of the
protein followed by enzymatic hydrolysis and the product

therefrom.

C:\BTDD\O1
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Wo3544-3 *Pes
PH, :the tenperature of the reaction; the substrate level and the desired
sdegree of hydrolysis. For the preferred e a. line period of about
~four (4) hours is suggested. The eﬁE@HﬁJHﬁdﬁ@l”' '§ s desigred
“to conplete the peptide bond hydrolysis, Mdhesesphecgssad yi.to gagbéare it he
flavor active peptides and amino aci-ds: |t |d@e3l:bok) r elpase. whe pagbdiiamic
acid or nonosodi um gl utamate from gl utam neg,! JOES) | Acl, t8bapbg, amide
bonds of the glutam ne which is bound to thew pepbides, pﬁga m;b§h§Q§-
function of the deamidation. As stated .above, quite a range of
commerci ally avail abl e endopr ot eases and é \F-OL eases,urg.?y /ﬁﬁpd to
achieve the desired result. Specific exopk Hdes, -sht 5Py zynes 6 whi ch
al so contains |eucine am no peptidase, may be used i f it is desired to
reduce the bitter peyRotEos Ford THENOROBUCELON ABS HYDREDYZE® Present in

PROTEINS AND THE PRODUCT THEREOF

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

This invention relates to a process for the production
of hydrolyzed proteins containing no detectable levels of
ﬁonochlqrodihydroxfpropanol. The resultant hydrolyzed proteins
are clean and bland in fiavor and are capable of exhibiting

substantial flavor enhancement characteristics.

DESCRIPTION OF THE PRIOR ART

“p

The preparation of conventional hydrolfzed proteins.
{HPs), most éommoniy hfdrolyzed vegetable proteins (HVPsS), 1s
generally'carfied out by acid hydrolysis with hydrochloric acid
under refluxing conditions, specifically using 6M hydrochloric
acid at 109°C and‘atmoepheric pressure. It has been
demonstrated that hydrolyzing proteins ﬁnﬁer these conditions
results in the chlorination of.glycerol, which is derived from
the resieual fatty substances present in.the crude p;otein,
which produces monbdhlorodihydroxypropanbls (MCDPs) and
dichloropropanols (Dc?s). As MCDPs and DCPs exhibit
questionable properties and characteristics, their presence'is

not desired in food products. DCPs are readily removed during

. This is the replacement sheet
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hydrol yzed veget abl e proteins. ' Since mld acid
sdeam dation tends to cause sone peptide bond hydrol ysis, any conbination
of endoproteases and exoproteases, used either sinultaneously or
‘sequentially, may be used to bring about the desired |l evel of protein

hydr ol ysi s. At this point2-the enzymatic process nmay be stopped
at .

the evaporation or concentration steps found in standard
processes. Unfortunately, MCDPs are not removed but are
concentratéd in the finished product, ond therefore, additional
processing steps muct be taken to remove the MCDPs fron the

finished product resulting from convent;onai procedures.

in a conventronal acid hydrolysis process for
preparing ﬁ?s, the.formation of MCDPs and DCPs can be avoided by
using sulfuric or phosphoric acid in place of hydrochloric acid.
However, the HPs produced by hydrolyzing with sulfuric or
phosphoric acid are of an inferior quaiity, since they generally
exhibit a bitter flavor. '
A The specific problem being addressed is that MCDP is
produced during conventional acid hydrolysis from the
chlorination of the glycercl derived from the residual fatty
substances which are present in crude proteins. As an example,
viual wheat gluten, which is approximately 75% protoin, contains
about 5.0 to 9.5% fat and other lipid muperials, and is an -
abundant source of glycerol in the form éf a complex mixture of
mono-, di- and tr;—glycerides, phospholiodds and glycolipids.
Numerous factors are believed to effect the formation of MCDP,
including the presence of high concentrations of chloride ions,
high amounts of excess acid, high refluring temperaturos and’
.long reaction times. Additionally, it is thought that bound

glycerol is more act;ve in forming MCDPs than unbound glycerol-

This is the replacemant sheet
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the.desired stage by the addition of acid to the aqueous solution. This
;step is not a necessary one, although it is part of the preferred process,
and the hydrol yzed soluble protein can be separated fromthe insoluble
"mass without it. However, addition of a food grade organic or inorganic
acid to bring the aqueous solution tg-.a pH of from about 2.0 to about 4.0
will stop the enzymatic reaction, .thereby providing precise control of
the end point, and providing mcrobiological stability-to the hydrolyzate
may al so termnate the enzymatic acitivty by other neans such as heat,
dependi ng upon the enzyne in use. Addition of a.food grade acid at the
desired time will also provide for better separation of the hydrolyzed
soluble protein fromany unhydrolyzed insoluble nass that remains. The

O o han Y TES 53 RO BT OB, 6
hydrolyze proteins, particularly vegetable proteins, for food
use, but not for the purpose of flavor”énhancement. What is
taught in the existing art is generally directed toward
producing functionally improved proteiné; such as the
elimination of bitter peptidé formationﬁduring enzyme hydrolysis
as shown iﬁ U.S. Patent No. 4,636,388. Specifically, the patent
discloses a low ash protein product which is pafticularly .
adapted for enzymatic hydrolysis. A dispersion of protein is
geiled and then washed in particulate form in a liquid in order
to allow a portion of the non-proteinaceous material to defuse
froﬁ the gel into the'liquid, and then the liquid is separated
from the gel. The pretreated product is then hydrolyzed

enzymatically, preferably with fungal protease and pancreatin.

U.S. Patent No. 4,757,007, diécloses and claims a
process for the preparation of hydrolyzed products of soy
protein by partially hydrolyzing soy’prqgein with a protease,
and then separating the resulting hydro{#?ed products by using a
5% aqueous solution of trichloroacetic agid. The portion of '
hydrolyzed protein with low solubility ﬁdssesses excellent
emulsifying properties, while the one with high solubility .

possesses excellent foaming properties.

In U.S. Patent No. 3,830,942,2§;solub1e protein
product is produced which is particulari?ﬁu#eful in highly

acidic foods, and an insoluble protein pioduct is prepared which

This is the replacement shest
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degree of hydrolysis. Specifically, the degree of solubility should, for
econom c reasons, be at least 60% with a preferred |evel of at |east 90%
The degree of hydrolysis should be in the range of from about 10 to about
90% preferably about 50%to about 70%

-12 - _ The hydrol yzed pgotein is then ?@H%ﬁ‘

I nsol ubl e mass by. any suitable, conventional nethodj cPrJ

y

is used in preparing protein enriched bakery goods: The patent
discloses the méthod for_producing tﬁe two' products by forming
an aqueous solution of defatted oleaginous seed materials,
adjusting the pH of the slurry to the isoelectric point of the
seed materials, heat;ng the slurry to elevated temperaﬁures,
adding an enzyme to the slurry,.agttatihg the mixture during
hydrolysis ;f the material and thereafter, separating the

hydrolyzed and unhydrolyzed portions of the protein product.

Although enzyme hydrolysis and'acid hydrolysis are
generaliy separate procedurss, one reference has been found
which discloses the combination of acid and enzyme hydrolysis to
obtain a protezn hydrolyzate. In USSR Patent Application No.
4@2800, a method_of-obtaining 2 preparation for parenteral
protein feeding is taught. A method is'disclosed wherein the.
raw protein material undergoes enzymatic cleavage, followed by
acid hydrolysis with 5.0% sulfuric acid {(4.0N), in a carbon
dioxide atmosphere.__?hsreafter, the.hgggglyzate is passed
through an anion exchange column, treated with aluminum
hydroxide and passed through a column containing cation exchange
resin. The acid hydrﬁlysis takes place at about 100°C for about -

seven (7) hours.

Many attempts have been made-toiproduce hydrolyzed
protezn products which can be used for varlous purposes.
But to date, no process has been taught which produces a

hydrolyzed_protein uiph;reduced or non-existent levels of MCDP

This is the replacement sheet
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filtration or centrifugati on or conbinations thereof. The resultant
tlarified and neutralized hydrolyzate may then be further processed if
desired, to get it into a nore usable form The hydrol yzate can be

subj ected to decol orization and deodorization processes. This is
conventionally carried out by the uséof activated carbon. The
decol ori zed, deodorized hydrolyzate nmay then be concentrated. This can be
performed by any nunber of methods currently known, such as spray drying,
vacuumtray drying or evaporation, for exanple by a falling thin film
evapor at or . During the mld acid deam dation, substantially al
the glutam ne present in the protein backbone is converted to. glutamc
acid. During the enzymatic hydrolysis this glutamc acid is hydrolyzed to
free gl utemiDEPaciug. tohprevention lof &heuptoduction of MCDP and DCP

through controlling the parameters of the acid hydrolysis, and
which hydrolyzed'protein product is additionally capable ofl'

exhibiting substantial flavor enhancement characteristics.

SUMMARY OF THE INVENTION

The present invention relates to the production of
hydrolyzed proteins which contain no detectable levels of MCDP.
This result is achieved by a unique process which combines two
methods of hydrolysis of the protein; mild acid hydrolysis to
deamidate and partially hydrolyze the protein, followeq by
enzymatic hydrolysis to reduce the protein'to amino qcids.and
s%prt chained peptides. The'ﬁydrolyzates which result from this
process may contain substantial amounts of monosodium glutamate,
up to 36% w/w of the starting protein, and are therefore capable
of exhibiting substantiél flavor enhancement chafacter, and

should be clean and bland in flavor.

The prdcess for producing hydrolyzed proteins,
particularly hydrolyzed vegetable proteins, with no detectable
level of MCDP begins with the selective deamidation of a food
grade protein by adding it to a hot, dilute aqueous solution of
at least one mineral acid. The pH of the resulting deamidated -
protein is then adjusted to the appropriate level for the
particular enzyme to be used in the subsequent step.

Thereafter, at least one protease is added to substantially

- This is the replacemant shsei

Date: & § $EP\936



of MSG present in the final product is determned by the deamdation and
renzymatic processes followed as well as the substrate used. For exanple,
if the vegetable protein is wheat gluten and the total process goes to
full conversion, the level of MSGin the final product can be as high as
about 36% w w of the starting protei6.-

-13- : - :

hydrolyze the deamidated prdtein to small peptides and free

-amino acids.

When food proteins contain residual lipids and when
hydrochloric acid is used, the mildness of the conditions also
directly effect the level of MCDP In the'final product. The
conditions‘;t which the acid hydrolysis or deamidation take
place are significantly milder than those used in conventional
processes. Specifically, the mild acid hydrolysis is carried
out at significantly:lower acid concentrations, at lower
temperatures and for shorter pe:iods of time than in
conventional hydrolysis processes. When sulfuric or phosphoric
acid are used in place of hydfocnloric acid slightly higher
concentrations of acid may be necessary in order to achieve an
equivalent degree of deamidation. However, since no chlori@e is.
present in the reaction mixture, no éhlofipated gl?ceride
species éorm when lipids remain 'in the substrate. By
controlling the conditions, deamidation preferentially occurs; -
;g; the amide linﬁages are hydrolyzed,}bgt the peptide'bond
hydrolysis is controlled or minimized.iilt is believed that
these conditions, are responsible for tﬁe lack of formation of

MCDPs in the finished product.

. This is the replacement sheet
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EXAMPLE | This is an exanpl e of sequential hydrolysis of a fat
,containing protein with dilute hydrochloric acid and a protease.
M1 d Acid Deam dation Protein deam dation was carried out on a
1 kilogram scale at 10% (w w) of protein substrate (as received). 850.4
grans of deionized water and 49.6 graps of 35.6% HCL (0.5N) were charged"
into a2 liter, three necked round bottomflask and heated with stirring
to 95C. 100 grans of vital wheat gluten [whose fat (lipid) content
typically varies from3 to 10% dependi ng upon the source (75% protein on a
dry basis)] were charged as a powder (Gemof the West, Manildia MIIling
Corp.) ' ' .

DETAILED INVENTION

The present process comprise; a number of sﬁeps for
hyd;olyzing a protein, particuiarly a vegetable proteiﬂ, to
result in a product which contains no detectable level of MCDP.

"The term "no detectable level" as Used herein means that there
is no deteétablé level as measured by gas chromotagraphy (GC)

with sensitivity to levels as low as lppm.

Specifically, a food grade protein is subjected to _

mild acid hydrolysis Sy adding it to a hot, dilute soclution of a
food grade mineral acid. The protein can be any one of the
available vegetable proteins, such as, but not limited to, oil
seed proteins (soy, peanut, sunflower, cottonseed), grain
proteins; leaf proteins, as well as meat, plasma oi milk
proteins, or any combination théreof. The preferred protein for.
producing savory flavors with substantial flavor enhancing
properties is wheat gluten, a gra;n protein, due to its high
glutamic acid content, present mostly in the form of glutamine.
The mild acid hydrolysis is designed to:haximize deamidation of
the protein and, in the case of hydiochldric acid,-mipimize the
formation of MCDP, through optimization of the level of excess
hydrogen ion concentration. Specifically, after titrating the

- food protein, the hydrogen ion concentration is from about 0.001
molar(M) or pH 3, to about 2.0M, preferabiy 1.0M and the total

chloride concentration should not exceed 2.0M.
This is {hie replacement sheet
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tnto the reactor through a side port, over a period of approximately 3-5
:m nutes. A condenser was placed in the port and the reaction proceeded for
a period of 1 hour at a constant tenperature of 95[err]C. The heat source
was removed fromthe reaction vessel, and the reaction mxture was rapidly
cooled below 50[err]Cin an ice bath8to stop the reaction. The deani dated
protein exhibited total deam dation as neasured at approximately 101%
-14- ' '

The amount of acid required is, in practice, dependent
upon the protein level and protein type. The desired protein
level varies from about 1 to about 30% w/w, with the preferred
-pro;ein concentration being from about 5 to about 20%, dgpendant
upon the particular protein type. Examples of food grade acids

' whfbh can be used include hydrochldric acid, sulphuric acid,
phosphoric.acid, and aﬁy combinations thereof. The deamidation
step is carried out at a temperatgre of from about 50 to about
100°C, preferably about 85°C for a period of no more than two
(2) hours, preferably approximately one {1) hour.. At this

- point, the deamidation process is stopped by redﬁcing the

‘ reaction temperature to below 50°C. The product can be held in
agid form until it is time to proceed to the enzyﬁatic

hydrolysis.

The degree~o£ protein hydrolysis after mild acid
deamidation is from about 5 to about 30% depending upon the
protein and the reaction conditions used. A benefit of the
partial hydrolysis is that it may solubilize a snbstgntial
portion of the protein, which can be separated out at this
point for subsequent enzymatic hydrolysis. Alternately, the
entire reaction mixture can be subjected'to enzymatic hydrolysis
after adjustment of the pH. This can be accomplished by the
addition of any known food grade base, with the preferred base

being sodium hydroxide.

This (s the replacement sheet
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Enzymati c hydrolysis Enzymati c ‘hydrol ysis of the product of
‘mld acid deam dation was conducted in a 1 liter vessel maintained at a
451[err] C by a constant tenperature water bath. Constant pH was

mai ntai ned via an autotitrator pH stat. The general procedure followed
for conducting the enzynme hydrolysis.was to charge the reaction vessel
with the deami date (400 grans containing 40 grans of partially hydrol yzed
vital wheat gluten). Wile the vessel and substrate were bei ng brought up
to tenperature, the pH electrode was standardized and installed in the
reaction vessel to equilibrate under agitation to the final reaction
tenperature and the autotitrator was charged wi'th 4. 0M sodi um

The resulting partially hydrolyzed protein is then
further hydrolyzed by adding to it'at leést one protease. The
protease should contain at least one endoprotease, which can be
acidic, neutral or alkaline in form. The protease is chosen
dependent upon a number of parameters for the particular _
enzyme/substrate combination, such as a) the proper pH for the
optimum prbteolytic activity; b) the peptide bond specificity,
which is best sﬁited tc meet the end product requiremsnts; and
¢) the need for debittering the substrate. The preferred enzyme
for the preferred protein wheat gluten, is a neutral ,
endoprotease, spécificaLly Prozyme 6 (Amano International
Enzyme, Troy, Virgina). Because deamidation converts the
majority of ﬁhe hydrophobic glutamine residues to polar charged
glutamic acid residues, a protease which is specific for
ﬁydrolyzing next to glutamic acid residues may be useful. For
exaﬁple, the endoprotease from Staphylococcus V8 which
specifically hydroiyzes peptide bonds on the carboxyl side of -

glutamic acid residues is particularly useful.

The enzyme hydrolysis of the deamidate occurs at é
tempefature of from about 25 to about 75°C and, with a neutral
enzyme present in the amount of frém aboui 0.1% to #bout 2.0% by
weight of the substrate at a pH of from abbut 5.5 to about 8.5.
Again, these conditions wili vary'depending on the
protein-protease combination as the pH is dependent upon the
type of enzyme used. For example, if an écidic enzyme l1s us;d,

the pH will be in the range of from about 1.5 to about 4.0 and

. This is the reptacement sheet

| ~ & SEP 1298
..Patel



hydroxi de. The titrator was set to the target pH (7.5) and the enzyne
:solution (8% enzyne w w in deionized water) was prepared. Once the
reaction reached the desired tenperature, the reaction mxture was
titrated to the desired pH (7.5) with agitation. The reaction was then
started by the addition of 5 nL of engyse (0.4 granms of Prozyme 6, Amano

I nternational Enzyne Co., Inc. Traqy VA 22974). After 4 hours,
t he substrate was renoved fromthe reactor and cooled to standard
refrigerator tenperature. After acidification to pH5.0 wth concentrated
food grade hydrochloric acid (36.5% HC1), the sol uble phase was recovered
by centrifuging the hydrolyzate for 15 m nutes at 16,000 X G

if an alkaline enzyme is used, the pH will be in the range of
from about 7.0 to about 12.0. The pﬁ rénge first set out above

is based on the use of a neutral protease.

For the preferred case of wheat gluten and Prozyme 6,
2 neutral protease, the enzyme hydfblys;s is carrie& out at a
temperatur; of from about 40 to about 50°C, preferably 45°C, and
at a pH of from about 6.0 to about 7.5, with a preferred level
from about 0.5% to 1.0% by weight Prozyme §. The time during
which the enzyme hydrélysis takes place is dependent upon quite
a number of factors, specifically, the enzyme concentration, the
pﬁ, the temperature of the reaction; the substrate level and the

desired degree of hydrolysis. For the preferred embodiment, a

time period of about four (4) hours is suggested.

The enzyme hydrolysis is designed to complete the

peptide bond hydrolysis, which is necessary to reiease the

- flavor active pept;des and amino acids. .It does not release the
glutamic acid or monosodium.glutamate from glutamine, nor does
it act on the amide bonds of the glutamine which is bound to the
peptides, which is thé function of the déamidation. As stated
above, quite a range of commercially available endoproteases and
exoproteases may be used to achieve the desired result.
Specific exoproteases,.such as Prozyme 6 which also contains
leucine amino peptidase, may be used if it is desired to reduce
the.bitterness from hydrophobic peptides which are present iﬁ

hydrolyzed vegetable proteins.
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~15- : The MCDP | evel was then neasured by a standard GC procedure
:Wth the results indicating |less than 1ppm MCDP

EXAMPLE 2 - This is an exanple of the inpact of adding a second
prot ease specific for hydrolysis at glutam c acid residues.
M| d Acid Deam dation - -11-.

Since mild acid deamidation tends to cause some
peptide bond hydrolysis, any combination of endoproteases and
exoproteases, used either simultaneously or sequentially, may be

used to bring about the desired level of protein hydrolysis.

'At this point, the enzymatic process may be stopped at
the desireé stage by the addition of acid to the agueous
solution. This gtep is.not a necessary one, although it is part
of the preferred proceés, and the hydrolyzed soluble protein can
be separated from the insoluble mass without it. However, '
'add;tion of a food grade organic or inorganic acid to bring the
agueous solution to a pH of from about 2;0 to about 4.0 will
stop the enzymatic reaction, thereby providing precise control
of the end point, and providing microbiélogical stability to the
hydrolyzate may also terminate the enzymatic acitivty by other
means such as heat, depending upon the enzyme in use. Addition
of a food grade acid at the desired time will also provide for
better separation of the hydrolyzed soluble protein from any
unhydrolyzed insoluble mass that remains;: The enzymatic
hydrolysis may be stopped by any means pqssihle once fhe
hydrolyzate has reached the desired degree of Solubility and
degree of hydrolysis. Speﬁifically, the-degree of solubility
should, for economic reasons, be at leasthO%, with a preferred
level of at least 90%. The degree of hydrolysis should be in
the range of from about 10 to about 90%,.preferably about 50% to

about 70%.

This is the replacement sheet
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-MId acid deam dation was carried out on vital wheat gluten as described

.in Exanple 1 above. Enzymati c hydrol ysis Enzyimre
hydrol ysis of the product of mld acid deam dation was carried out as
described in Exanple 1 except that 0.5% (ww) of- b- pt ease
from St aphyl ococcus V8 (Sigma Chem.gal Co., St. LOUI% '§%=d I n
addition to Prozyne 6. As expected from Exanpl e Lﬁot det ect ed
in the final hydrolyzate. EXANPLE 3

This is an exanple of sequential hydrolysis of fat containing protein wth
dilute sulfuric acid and a protease.

The hydrolyzed protéin is then separated from any
insoluble mass by any suitable,:conven;iénal method, such as
filtration or centrifugafion or combinaﬁions_thereof._ The
resultant clarified.and neutrallized hydrblyzate may then be
further processed if desired, to get it into a more usable form.
Théﬁhydrolyzate can be subjected tn‘decglorization-and
deodorization processes. This is conventionally carried out by
the use of activated carbon. The decoldtized, deodorized )
hydrolyzate may then be concentrated. This can be performed by
any number of methods currently-kndwn, such as spray drying,

vacuum tray drying or evaporation, for example by a falling thin

film evaporator.

During the mild acid deamidatigh, substantially all

1)

£y

the glutamine present in the protein baékbone is converted to -
glutamic acid. During the enzymatic hydrolysis this glutgmlc
acid is hydrolyzed to free glutamic ﬁcid. Therefore, the gmount
of MSG present in the final product is ¢g§ermined.by the
deamidation énd enzymatic processes foll;;ed as well as the
substrate used. For example,.if the vegéﬁable protein is wheat
gluten and the total process goes to fuligécnversion, the level
of MSG in the final.product can be as hié&ras about 36% w/w of

the starting protein. 

The following are examples of tﬁé.present invention,
and are not meant to limit the present inﬁéntion in any way:.

This Sheet Has Been Re{ilaced - This is the repiace.'m.'an't sheet
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=16- MIld Acid Deam dation - MIld acid

-deam dation was carried out on vital wheat gluten as described in Exanple
1 except that 0.5Msulfuric acid was used in place of 0.5MHCL (28.0 grans
of concentrated sulfuric acid per 1.0 kilogram batch containing 100 grans
vital wheat gluten). The deam dat edldfoduct exhibited a degree of

EXAMPLE I

This is an example of seguential hydrolysis of a fat

containing protein with dilute hydrochldric acid and a protease.

Mild Acid Deamidation

Protein deamidation was carried out on a 1 kilogram
scalé at 10% (w/w) of protein substrate (as received). 850.4
grams of deionized water and 49.6 grams of 35.6% HCl (0.5N) were
charged into a 2.liter, three neqked round bottom'flask and
heated with stirring to 95°C. 100 grams of vital wheat gluten
[whose fat (lipid) content typically varies from 3 to 10%
%gpending upon the source (75% protein on a dry basis)] were
charged as a powder (Gem of the West, Manildia Milling Corp.)
into the reactor through a side port, over a period of
approximately 3-5 minutes. A condense:'gas placed in the port
and the reaction proceeded for a period of 1 hour at a constant
temperéture of 95°C. The heat source wés removed from the
reaction vessel, and the reaction mixture was rapidly coocled
below 50°C in an ice bath to stop the reéction. The deamidated
protein exhibited total deamidation as @éasured at approximately

101s.
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deami dation of approximtely 88.0% ' Enzymati c hydrol ysis
Enzymatic hydrolysis of the product of mld acid deam-dation was carried
out as described in Exanple 1. MCDP was not anal yzed since background
chloride levels fromthe substrate were insignificant and the hydrolyzing
acid used used during nmld acid dearildati on is not hydrochloric acid.
EXAMPLE 4 This is an exanple of sequential hydrolysis of a
defatted protein with dilute hydrochloric acid and a protease.

M1 d Acid Deam dation

Enzymatic hydrolysis

Enzymatic hydrolysis of the product of mild acid
deamidation was conducted in a 1 liter vessel maintained at a
45t1°C by a constant temperature water.bath.- Constant pH was
mafhtained‘yia an_autotitrator'pﬂ'§tat.p The general procedure
followed for conducting the ehzyme-hydrolysis was to charge the
reaction vessel with the deamidate (400 grams containing 40
grams of partially hydrolyzed vital wheat gluten). While the
vessel and substrate were being brought up to temperature, the
PH electrode was standardized and installed in the reaction
vessel to eqti;ibrate under agitation to the final reaction
temperature and the autotitrator was charged with 4.0M sodium |
h;droxide. The titrator was set to the'target pH (7.5) and the
enzyme solution (8% enzyme w/w in deionized water) was prepared.
Once the reaction reached the desired temperature, the reaction
mixture was titrated to the desired pH (%.5) with agitation.
The reaction was then started by the addition of 5 mL of enzyme
(0.4 grams of Prozyme 6, Amano Internatronal Enzyme Co., Inc.

Troy VA. 22974).

After 4 hours, the substrate Qas removed from the
reactor and cooled to standard refrlgerator temperature. After
acidification to pH 5.0 with concentrated food grade
hydrochloric acid (36.5% HCl), the solubie phase was recovered

by centrifuging the hydrolyzate for 15 minutes at 16,000 X Gl

This is the replacement sheet
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M| d acid deam dation was carried out on isolated soy protein (PP 620,

Protein Technol ogies International, Checkerboard Square, St. Louis, M) as
described in Exanple 1. -17-
The degree of deam dation of the protein was approximately 85.0%

-15-

The MCDP level was then measured by a standard GC procedure

with the results indicating less than 1ppm MCDP.
EXAMPLE 2

This is an example of the impact of adding a second

protease specific for hydrolysis at glutamic acid residues.
Mild Acid Deamidation

_ Mild acid deamidation was carried out on vital wheat
gluten as described in Example 1 above.

%

Enzymatic hydrolysis

Enzyme hydrolysis of the pfoduct of mild acid
deamidation was carried out as described in Example 1 except
 that 0.5% (w/w) of the endo-glu C proteése from Staghilococcus
'V8 (Sigma Chemical CO.; St. Louis, MO) ;as added in addition to
Prozyme 6. As expected from Example l,fMCDP was not detected in

the final hydrolyzate.

EXAMPLE 3

. This is an example of sequgntiél hydrolysis of fat

containing protein with dilute sulfuric acid and a protease.

This is fhe replacement sheet
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Enzymatic hydrolysis ' Enzymati c- hydrol ysis of the product of
.mld acid deam dation was carried out as described in Exanple 1. As :
expected from Exanple 1, MCDP was not detected at |levels of lppm or higher
in the final hydrolyzate. - 18-
- -16-

Mild Acid Deamidation

Mild acid deamidation was carried out on vital wheat
gluten as described in Example 1 except that 0.5M sulfuric acid
was used in place of 0.5M HCl (28.0 grams of concentrated
sulTuric acid per 1.0 kilogram batch containing 100 grams vital
wheat gluten). The deamidated product exhibited a degree of

deamidation of approximately 88.0%.

Enzymatic hydrolysis

Enzymatic hydrolysis of the product of mild acid
) deamidation was carried out as described in Example 1. MCDP was
not analyzed since background chloride levels from the substrate
were insignificant and the hydrolyzing acid used used during
mild acid deamidation is not hydrochlo:ic acid.

EXAMPLE 4

‘This is an example of sequential hydrolysis of a

defatted protein with dilute hydrochleric acid and a protease.
Mild Acid Deamidation

Mild acid deamidation was carried out on isolated soy
protein (PP 620, Protein Iechnologies International,
Checkerboard Square, St. Louis, MO) as described in Example 1.
This is {he replacement sheet
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YWHAT IS CLAI MED | S: 1. A process for the production of hydrolyzed

-pr ot ei ns contai ning no detectable | evel of _

nonochl or odi hydr oxypr opanol, which conpri ses: (a) heating a food
grade protein in a dilute aqueous acid solution to deami date the
protein; (b) hydrolyzing the.gpam dated protein in aqueous sol ution
by adding to it at |east one protease; and : (c) neutralizing the

hydrol yzed deani dat e.

The degree of deamidation of the protein was approximately

as.o%.

Enzymatic hydrolysis

Enzymatic hydrolysis of the product of mild acid
deamidation was carried out as describéd_in Example 1. As
expected from Example 1, MCDP was not detected at levels of lppm

or higher in the final hydrolyzate.

kg
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2. *The process of Caim1 which further conprises deodori zati on and
-decol ori zation of the hydrolyzate from step (c). 3. The process of
claim2 which further conprises. concentrating the deodorized and
decol ori zed hydrol yzate fromstep (c). 4. The process of Claim1l
wherein the acid in step (a) is a .18-food grade m neral acid. '
-19- _ - . _

WHAT IS CLAIMED IS:

1. A process for the production of hydrolyzed proteins
containing no detectable level of

monochlorodihydroxypropanol, whichicomprises:

(a) ﬁéatihg a food grade protein in a dilute agueous acid

solution to deamidate the protein;

(b} hydrolyzing the deamidated protein in aqueous solution

by adding to it at least one protease; and

o

(c) neutralizing the hydrolyzed deamidate.

2. The process of-Claim 1 which further comprises
deodorization and decolorization of the hydrolyzate from

step (c).

3. The process of claim 2 which further comprises
concentrating the deodorized and dééolorized hydrolyzate

from step (c).

4. The process of Claim 1 wherein the;kcid in step (a) is a

food grade mineral acid.

This is the replacem’en’i sheet
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5. » The process of Claim4 wherein the food grade mneral acid IS

.chosen fromthe group consisting of hydrochloric acid, phosphori c
acid, sulfuric acid and conbi nati ons thereof. 6. The process of aiml
wherein the food grade protein in step (a) is chosen fromthe group
consi sting of oil seed proteingyggrain proteins, plasnma proteins,

| eaf proteins, m |k proteins, neat proteins or conbinations thereof.
7. The process of Caiml1l wherein the protein added in step 1 S
fromabout 1 to about 30% by wei ght. 8. The process of Caim7 wherein

the protein concentration is about 5 to about 20% by wei ght of the reaction
m xt ure. :

5. The process of Claim 4 wherein the food grade mineral acid
is chosen from .the group consisting of hydrochloric acid,

phosphoric acid, sulfuric acid and combinations ﬁhereof.

6. The process of Claim 1 wherein the food grade protein in
step (a) is chosen from the group consisting of oil seed’

proteins, grain proteins, plasma proteins, leaf proteins,

milk proteins, meat proteins or combinations thereof.

7. The process of Claim } wherein thé protéin added in step 1
is from about 1 to about 30% by weight.
8. The process of Claim 7 wherein the protein concentration is

* ‘about 5 to about 20% by weight of the reaction mixture.

9. The process of_claih 6 wherein the acid concentration is

from 0.001 to 2.0 molar.

10. The process of Claim 9 wherein the acid concentration is

1.0 molar.

11. The process of Claim 1 wherein the reaction in step (a)

takes place at a temperature of from about 50 to 100°C.

12. The process of Claim 11 wherein thé-reacticn in step (a)

takes place at a temperature of about 95°C.

This is the replacement sheet
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9. . The process of Claim6 wherein the acid eoncentration is from
.0.001 to 2.0 nol ar. 10. The process of CQaim9 wherein the acid

concentration is 1.0 nol ar. 11. The process of Claim1l wherein the
reaction in step (a) - takes place at a tenperature of from about 50 to
100[err] C. 12. The process of Claizpdl wherein the reaction in step (a)

takes place at a tenperature of about 95[err]C.

13. The process of Claim 1 wherein the'protease in step (b) is

an endoprotease.

14. The process of Claim 13 wherein the endoprotease is an

acidic, neutral or alkaline protease.

15. The process of Claim 14 wherein the pH of the deamidated

protein in step (a) is adjusted prior to hydrol&sis.

16. The process of claim 15 wherein the pH is adjusted to from
about 5.5 to about 8.5.

17. The p;ocess of Claim 1 wherein the hydrolysis in step (b)
is effected by the .sequential addition of at least two

proteases.

18. The process of Claim 1 wherein the hydrolysis in step (Db)
is effect by the simultaneous addition of at least two

proteases.

19. The process of Claim 18 wherein at least one of the

proteases is an exopeptidase.

20. The process of Claim 2 wherein the deodorization and
-decolorization is carried out by the use of activated

carbon.

B st
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- 20-

13. The process of aim1l mhereln the protease in step (b)

.18 an endopr ot ease. 14. The process of O aim 13 wherein the
endopr ot ease is an acidic, neutral or alkaline protease. 15. The
process of -&-ai-m.14 wherein the pH of the deam dated protein in step

'(a) |s adjust

21.

22.

23.

24.

25.

5.5t

L1

The process of Claim 6 wherein thé;food grade protein is a

'?i]prl or to hydro1 ysi s -2116. The p qg%sa E’éT ﬁm “ﬁj wherein

defatted protein to eliminate MCDP formation in the

presence of hydrochloric acid.

The process of Claim 1 wherein the food grade acid is
chosen from the group consisting of hydrochloric, sulfuric

or phésphoric acid.
The product of the process of Claim 1.

A hydrolyzed vegetable protein which has no detectable
level of monochlorodihydroxypropanqi which is clean and
bland in flavor and which is capable of exhibiting

substantial flavor enhancement characteristics.

Thé hydroiyzed vegetable'prbtein of claim 24 which
comprises monosodium giutamate in an amount up to 36% w/w

of the starting protein.

Th@ is the placeme“"s_“‘e‘
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17.* The process of Claim1l wherein the hydrolysis in step (b) S
effected by the sequential additien of at |east two pr ot eases. 18.
The process of Caim1l wherein the hydrolysis in step (b) is effect
by the sinultaneous addition of at |east two - pr ot eases. 19. The
process of O aim 18 wherein at |eas t he proteases is an
exopeptidase. = 2Q. The process of. wherei n the deodori zati on and
decol ori zation i%:.carried out by the use of activated - - carbon.

A PROCESS FOR THE PRODUCTION OF HYDROLYZED

PROTEINS AND THE PRODUCT THEREOF

A process for the production of hydrolyzed proteins .
containing no detectable level of monochlorodihydroxypropénol
and which are capable of exhibiting substantial flavor -
enhancemeni ghafacteristiéé by using mild acid hydrolysis of the
protein followed by enzymatic hydrolysis and the product .

therefrom.
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-21- 21. The process of Claim6 wherein the food grade protein is a

+ defatted protein to elimnate MCDP formation in the presence of

__._j_,___hydrochl oric acid. 22. The process of Claim1l wherein the food grade

icid is chosen fromthe group codsisting of ‘hydrochloric, sulfuric

Lo _PhosphoryisC ueadsn pdparihy®pRbeelileRt1di HiiEFSfodds .Cl 2hE) patent
discloses the method for producing the two products by forming .
an aqueous solution of defatted oleaginous seed materials,
adjusting the pH of the slurry 1‘.6 the iscelectric point of the
seed materials, heating the slurry to elevatgd temperatures,
adding an enzyme to the slurry,' ,a_g":f.tatihg the mixture during
hydrolysis .of the material -én’d 'ﬁl'ie::e'after, separating the

hydrolyzed and unhydrolyzed portions of the protein product.

Although enzyme' hydrolysis and ‘acid hydrolysis are

\../ generally separate procedureé, ~one reference has been founq
which discloses the combination of acid and enzyme hydrolysis to
obtain a p;‘:otein hydrolyzate. 'In USSR Patent Application No.
44'2800, a method'of cbtaining a preparatiocn for parenteral
protein feeding is taught. A method is d.isclosed wherein the
raw protein material undergces enzymatic cleavage, followed by
acid hydrolysis with 5.0% su_lfu::[.c- acid (4.0N), in a carbon
dioxide atmosphere. Thereafter, the hydrolyzate is passed

through an anion exchange column, treated with aluminum

hydroxide and passed through a column containing cation excli;a.nge

resin. The acid hydrolysis takes place at about 100°C for about
\o/ seven (7) hours.

EPA 361 595 dJ.SClO S€s a4 Process for 1mgrov1ng HCl-hydrolyzed protein by

i an_aqu t sis (of monochloropropanediols and
ichloro 1s) at a pH between ' 'and_8 at a temperature between 20 and 180°

for a period between 10 days to 15 minutes,
The protease decomposition of gluten meal followed by an acid decomposition and

. izati is disclosed in JPA 63 074 465

Many attempts have been made to produce hydrolyzed
protein products which can be used for various purpeses.
But to date, no process has been taught which prcd.uces a

hydrolyzed protJLn NREEL{‘H’B’EEJ K‘g* noﬁ-exi?é’ten.. levels of MCDP
. li(DnscrAntmn ‘P d,_ mm pamd -

o C him(s)
C Drawing(s) :
1 Abstract p‘zged
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24. A hydrol yzed vegetabl e protein which has no detectable. | evel

of nonochl or odi hydr oxypr opanol which is clean and bland in fl avor
-and whi ch is capabl e of exhibiting substantial flavor enhancenent
-characteristics. 25. The hydrolyzed vegetabl e protein of claim 24 which

“conpri ses nonosodi um gl utamate in an.-ggount up to 36% w w

The hydrolyzed protein is thgn separated from any
insoluble mass by any suitable, conveﬁiﬁcnal method, such as
filtration or centrifugaﬁion or combigéiions thereof. The
resultant clarifiéd_and neutralized hfd#olyzate may then be
further processed. if desired, to get i; into a more usable form.
Thé’hydrolyzate can be subjected tu decolorization and
deodorization prbéesses. This is convéntionally carried out by
the use of activated carbon. The decolorized, deodorized )
hydrolyzate may then.be concentrated.: This can be performed by
any number of methods currently known, such as spray drying,
vacuum tray dryxng or evaporation, for example by a falling thin

film evaporator.

During thg mild acid deamidaﬁ;on, substantially all
the glutamine present in the protein béckbone is converted to
glutamic acid. -Dﬁging the enzymatic hfdrolysis this glutgmic
acid is hydrolyzed_tq free glutamic écid, Therefore, the amount
of MSG present in-thé final product is_ggtermined.by the

deamidation and eﬁzYmatic processes fo;}Qwed as well as the

substrate used. F6r=example,.if the vewhtable protein is wheat
gluten and the total process goes to full conversion, the level
of MSG in the fxnal product can be as hlgh as about 36% w/w of

the startxng protexn.

—@he—fe%%qﬁfng—are—exampi
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21. The process of Claim 6 wherein the food grade protein is a
defatted protein to eliminate MCDP formation in the

presence of hydrochloric acid.

22. The process of Claim 1 wherein the food grade acid is
chosen from the group consisting of hydrochloric, sulfuric

or phosphoric acid.

2a7——9he—prodnct-of*the*prucess—ct‘cI!fﬁ I

24. A hydrolyzed vegetable protein whi has no detectable

level of monochlorodihydro pancl which is clean and

bland in flavor and which is capable of exhibiting

substantial :1avor ancement characteristics.

25, . zed vegetable protein of claim 24 which




