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Pr Aring the past decade much interest has been focused on the commercial
! oducti(m A

ing 1 utilization of food grade soy protein products for the meat
UStry, :

¢ To-date their use has been considered for two basic applications as
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In 'ites the major portion of the textural matrix of the product when used

ingredient in predominately meat systems, and as the basic
for the manufacture of meat-like simulates, either singularly or
ation with meat fibres (Coleman and Creswick, 1966). In the former

to emulsify, stabilize, texturize and hydrate the meat system.
articular case the nutritional value of the protein is of secondary
ation because of the small quantities used. However, it does contri-
t0 the overall nutritional characteristics of the system. The protein
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a] Production of meatlike simulates. Likewise, it provides major nutri-
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~ elements to the product.
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Soy o C0tly soy protein products are available in three commercial forms:

[i()r

;Lﬂzdy::rr’ SOy protein c(rn(‘('ntmlv and isolated soy pr(.lei’n‘. The 1»1:(;»xi111;1.lc

I)I\("S"‘II‘LS Ltl]nd slu‘ndzn'(l's for I'h(x\‘(' products are shown in Table 1. Table 2.
>, 1€ amino acid profile.

"‘lx(,b)(;l"i“ﬁr(‘ of its h}ﬂ(;li(m:d Fh;u*nctm‘isli(‘.‘\', isolated soy prf)tvin is most often

\imﬂarl ) 1€ lmcht industry in the manufacture of (‘1]1111.\1()1%1’)']3(‘ pnnhl(‘ls.

Spy V> this protein is used as the basic ingredient in the manufacture of
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R(*C(*nt €IS which are ultimately used in the preparation of meat simulates.
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laye | Y, Pearson et al (1965), Schut, (1968), and Bezdicek and Allen, (1968),
So Publis}
Prote; . i - R
Juess % in model emulsion systems. Based on these findings they have
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the rel

led data evaluating the functionality of soy proteins, i.e., isolated

1e functional value of the proteins in actual meat systems. How-
in\u. . ationship between data obtained using model systems and actual
,‘](}’(‘l‘f()1*111;111(‘t' has never been established. .
1)1'13vsic,' PUrpose of this communication is to present data illustrating the
]'(l(\l .(L ~l

€rist; lemical properties of soy protein isolate and to relate these cha-
Stics ‘

to those of the final products. As soy protein isolates are a hetero-
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genous mixture of proteins and vary significantly in their physical-chemi i
and functional properties among manufacturers, this paper will limit 1tse

to discussing one specific isolate.!

The basic elements of soy protein isolation are quite simple and wel
known. Defatted flakes produced with minimal heat treatment are extracté
with an aqueous medium which varies in pH from near neutrality .

slightly alkaline. After separation of the fibrous residue, the protein cont ail”
ing liquor is acidified to pH 4.5 to precipitate the major globulin fractio”
The resultant curd is concentrated, washed and separated as a protein slurry’

a
This slurry is either dried as such or is neutralized to pH 7.0 to product
dispersible, soluble sodium proteinate. (See Fig. 1)
Table 1. Proximate Analysis of Commercial Soy Protein Products
Defatted soy Soy protein Isolated S%
flour concentrate Proteit
Moisttire BRIL AL AL RO A, . 0% 8.01 (Max) 8.0 4.9 ,
Protein (N X 6.25) 9%2 50.0' (Min) 70.01 (Min) 90,0t (M
Enude FIDBL $3. censvrpueniblocosfanaegsosnls 3.5! (Max) 2.9 0.2
HAL O e dheanaiicann oot shigs s et nds s dsin 2.0 (Max) 3 0
TN e S et il R e b 6.5! (Max) 4.7 3.8
1. Standards established by National Soybean Processors Assoc. U.S.A.
2. Moisture free basis.
///

Fable 2. Amino Acid Composition of Soy Protein Products Essential Amino Acids g[16 8-

Defatted soy Soy Protein Isolated %
Flour Concentrate Protei

15y i e o B B LR b B SR e o R 6.2 6.2 6.0
Methioniné! 4. Svaiidasilsad i ial 1.3 13 1.1
CTREING . Jo. i bos W ivshpybenemmpn i smo dian s 1.2 1.6 1.0
THYDIOPRANE ;oo fon s at et Ganes s uissnsy bus 1.4 1.4 1.3
Threonine t.0 .3 oA
[soleucine t.6 4.9 4.8
Dt e S o A S A s v 8.0 7.8
PhenyIalanine «.cvssssissvvovescosnsnritsths iat 5.3 5.3 5.5
Y aAlNo % st celllvakdodidin + Bivsssersrss oades v 4.9 5.0 4.8
Histidine 2.9 2.9 2.5

7.5 7.8

Arginine




\‘(“111 , Catsimpoolas and Ekenstam (1969), using immunological tech-

1qu pp i " -
1Ues have sh()\\'n that the heterogeneous globulin fraction contains the pro-
fing gl

e yemin, a -conglycinin, f -conglycinin and y -conglycinin. Charac-
1z

% atl(m of the globulin fraction by ultracentrifugation (Wolf, 1969) reveals
hey I)rmmr\, sedimentation fractions; these are tabulated in Table 3 toget-
' With some of the physical constants and proposed composition.

L St
II\()NIINI{.I), manufactured by Central Soya Co., Inc., Chicago, Illinois.

Fig ; ! Y
g 1 Schematic diagram showing isolation of globulin fraction.
Soybean flakes
waley extraction
Y
Aqueous extract
acidify pH 4.5
Y Y
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(Globulins) (Whey)
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Physical Characteristic of Ultracentrifuge Fractions of Soybean globulin.
—

"Z/,,a Sedimenta-
ce 1 7
/,'f“r”L % of water tion
J€ . 1 3 ¢ .
:,,(“;_ Extractable Proposed Molecular  Isolectric Constant N-Terminal
ion . ' b ie : = v
1 Proteins Composition Weight Point S? 20 w Residues
28
18 a —conglycinin 26 000 s " Asp.
7S
27 /} —conglycinin 330,000 4.9 7.958 Asp, Glu, Ala,
7y —conglycinin 210,000 7.92S Glu, Val, Ser,
gycinin-monomer Try, Leu.
llg
34 dimer glycinin 350,000 5.0 12.25 Gly, Phe, Leu.
(1-Leu)
6 Polymers of glycinin - - —
Ph}
‘ Cal-che : .
Rhg Ch(mlcal Cl](ll acteristics of isolated protein.
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Gelation

The ability of isolated soy protein to gel in aqueous media may b€ "
important factor in its ability to contribute to the structural matrix of ﬂ\
meat food system. LXT(‘II.\I\(‘, studies by Catsimpoolas and Meyer, (1”()
and Circle, Meyer and Whitney, (1964) on the rheological properties of 507
globulin gels have shown that heating aqueous (ll\])Cl\I(ln\ of the pmtul‘
(concentration greater than 8 9;) causes a transformation from the sol
progel state, which is characterized by a marked increase in apparent wscmlt:)
A gel of higher viscosity is formed by cooling the progel. The sol prog”
transformation is irreversible. However, the gel can be converted int0 th
pro-gel by heating and subsequent cooling. These phenomena are illustr

)

ted in Figure 2.
_ . . . - - )1‘0'
The influence of pH and temperature on the formation of both the I
l
gel and gel are significant. These data are graphically presented in Fig te

Fig 2. Schematic illustration of rheological transformation of isolated soy protein
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Circle et al., (1964) have reported that concentration of protel? 5
7 3 o S <761l
time of heating significantly influenced apparent viscosity of the S¥~ of
4 . 1t
Further data from (,(ltxlnlpnolzts and Meyer (1969) showed that the . add o

of alcohols with varying aliphatic chain length and degree of branching ’
luence gel viscosity. Apparent viscosity increases with the addition of y
hols with increasing chain length and decreases with the addition of ¥
branched chain alcohols. The addition of lipids to the dispersion cats

change in viscosity. The viscosity was increased by adding lipids \\ltl ”L{

i _ ey

creasing fatty acid chain length, decreasing length of the polyol (‘lhl‘“l itl'
g 7 o g ; : " ip

decreasing esterification of the hydroxyl groups of glycerol. Saturated }

; . > . ‘ & oy 101
produce gels of higher viscosity than did unsaturated lipids. Addit!

1“

phospholipids and cholesterol increased apparent viscosity.
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Protein aggregation
Recent studies in our laboratory by (atﬂnlpnolax‘ and Funk,
the factors influencing the heat aggregation of the 11S component in ¢
solution have shown that ionic strength and pH are 1mp01tmt variab
Temperature, salt concentration and pH have a significant effect upon p rotel”
aggregation. At neutral pH, aggregation is initiated at 70° C.

(1969) o
gilute
les-

Hydration =
Although very limited quantitative studies have been done on evaluati’
the absolute hydrating capacity of isolated soy protein, Bezdicek and ;\112”
(1968) have shown that a meat-soy system will hold approximately 1 00 7
more free water than a pure meat system in which water was added in € X CE5? ;
Recent studies in this laboratory have shown that in frankfurters mntdl“m
equal quantities of total protein, those in which 2 9, and 4 9, meat pl““l]
had been replaced with soy protein, exhibited significantly less free moistt”

ing
as determined by the method of Grau & Hamm, (1953) than those conts ain!
Q.I.L.H[L

e

only meat protein. This study indicates that soy proteins have
hydration capacity than meat proteins.

Emulsification — capacity and stability

One reason isolated soy protein has found ready acceptance in the o
Ada
l “_(L

meat

industry is because of its ability to act as an efficient emulsifier.
three investigations (Pearson ef al., 1965, Schut, 1968, Bezdicek and -\11(~11]L
1968) have been published in which the relative functional value of i~~'1““i
soy protein has been questioned. These conclusions have been based oo Lh\\‘
periments using model systems. However, in a recent article ]Hl])h‘h”l '
Inklaar and Fortuin, (1969) they were able to show that in actual

0 0

emulsion systems, those containing 2 9%, soy protein exhibited 0.4 9, sep:

fat, whereas 8.2 %, fat separated from the all meat product. Similar 0=
ing

vations have been noted in our laboratory. The discrepancy in 11”‘111}}
: !
o

between these studies indicates the questionability of the total relatiof®
between observations obtained in model systems and those (,l)nmd
actual meat systems. i

The early work of Hansen, (1960); Swift and Sulzbacker, (lwii{
Borchert et al., (1965) has demonstrated that in the production of 3 e
meat emulsion systems the stability of the emulsion is derived from

he . + u
ability of the water and salt soluble proteins to encapsulate the fat ”l”b

and form a stable matrix upon heating. If this is the valid mechanism for .
formation of stable systems for all proteins, then the data developed 11,1]{‘
model systems may be related to commercial meat systems. Thel 4
physical-chemical properties proposed by Schut, (1968) for emulsifyers wo'

¢ { o ) X rtet
be valid. Becker, (1968), Kitchener and Musselwhite, (1968) have rep?”
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th

lat finely divided powders act as very effective and efficient emulsifying

“8ents in oil-water systems. More specifically, the solids act as stabilizers

y
Preve

Che

1 “Mical nature of the particles is not as significant as their surface pro-

“lu
o

nting the mlhxunw of the dispersed phase. Accordingly, the

The requirements are that the particle size must be small compared
to f, . . o s . .

at fat f\"lnl'm]v size, the particles must exhibit a \'111)\‘1’11111'11 angle of contact
U the

» three phases: oil, water, and air. Also, the particles must not exhibit
1‘()]](;'

hydrophilic or hydrophobic pl'()l\(‘l'll(‘> as they would become pre-
1(ml«lll\ soluble in a specific phase.

The type of emulsion produced is dependent in part on which phase
“Hntnll' wets the solid (Scarlett efal., 1927). Schulmann and Leja

Pref
o ]
W 4) have reported that oil in water emulsions are obtained with solids

le s
q 1 the contact angle, as measured through the water phase, is slightly less
lan ane - . . s . : N
'Ji]( 1 90°, indicating that the solid is more readily wetted by water than by
Baseq on the often-observed phenomena (Williams, 1967, Inklaar and
”1111
n,

1969 and Cook, 1969) that soy proteins do contribute significantly
0 the . »

: emulsifying capacity and stability of meat emulsions, it is proposed
13 - : -
the mechanism by which these phenomena are brought about is that in
rm 3 . .

Nercig] emulsifying equipment the soy protein is so dispersed as to act

m " : >
larly ¢, finely divided solids. The physical-chemical properties of the soy

I”"m\

|
are such that they can act in this manner.

AS there appears to be some disagreement on the performance of soy
€ins
In 11](”1 1

Nog e
i*ut 1‘”1\(1\ as in the case of commercial systems. In all probability,
le

<l]
of 1}1()“ the soy protein to act as a finely divided powder then the relationship
le

Prot
1en evaluated in model and actual systems, 1t would appear that

systems the protein is not utilized in a manner in which it acts
tech miques of emulsification in oil and water systems were so altered as

- h“(ller obtained in the two systems would be grater. However, this
l = .

\‘“”\m may not be applicable for the soluble fraction of the soy proten.

aSs 0~ - T 9 5 7

Prog fan be seen from the data of Catsimpoolas and Meyer (Table 3), soy

€ing g

ao

Satiss significantly increase the viscosity of an aqueous system thus
S
E \lI]u tl

e requirements postulated by Schut, (1968). However, it is to
‘Hn ‘Mbered that multiple mechanisms may be responsible for the emulsion
d””“tl(\ of a variety of meat systems.

of ]“1)”1‘”“\' (1966) in a series of experiments il.)\'v.\'tig;ning the jl'x(hu;]u;v

cessing temperatures upon the st: thl\ of canned meat emulsions

)\(]
Ve =
an i d that minimal fat se paration occurred if the product was heated
1 € < ¢ ~ e . | 2 £ S
Coing; 1”1.11 temperature between 70° C and ]_’H C. This temperature range
\]( 25 7 ~ . “ .
Pog] S with the gel-progel-metasol transformations observed by Catsim-
as < A

and Me yer, (1969).

ke . y : pos b
“CWise, in a recent study using an experimental luncheon loaf formu-
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lation of beef chuck and rendered lard, (total protein 14 %, fat 35 %, moistur®
48 9/) it was observed that if they were processed at high temperature nlﬂ(
humidity to reduce coul\'in(f time, the all meat sample manifested a n'occ.\‘ﬂ“f“’_
shrink in excess of 25 9, and the emulsion was completely broken. \\'hcﬂ"l
those samples in which 2 o/ and 4 9, of the meat protein was replaced with
soy protein, processing shrinks were 4 %, and 2 9, respectively. Both Py
ducts showed highly stable emulsions and were acceptable.

Apart from its functional contribution, the use of soy protein has mal
beé

-l;ct‘\_

economic advantages. In an experimental frankfurter formulation using ¥
p . 0| (

chuck as meat source (11 9, total protein, 30 %, fat) with total prote in h‘.
9 0/ o111

constant, replacement of 2 %, and 4 9, of the meat protein with soy prot

reduced the cost of the final product by 24 9, and 32 %, The yield of hmsl“‘
C

product, based on meat used, was increased by 16 9%, and 42 9%, when 27
and 4 9, soy protein replaced equivalent quantities of meat protein-
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