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E‘FFECT OF SOME FUNCTIONAL PROPERTIES OF ADDED PROTEINS ON PROPERTIES OF MEAT SYSTEMS
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th .
Em;;lgnal properties of proteins for foods can be defined as physico-chemical properties
Hme ing a certain amount of information about how a protein will act in a food system.
latderf few systematic investigations have been made on how these properties can ke corre-
“lop OWlth properties of complex food systems. For meat systems properties giving informa-
tonsy " the water binding ability are very important. This paper will deal with some func-
Negt s Properties depending on water-protein relations and their effect on properties of
EkCUsZStems where unconventional proteins havelbeen'added. Ihe fgnctional properties to be
Q“@s o?d are solubility, swelling, sorption, v1sc051ty and gelation properties. Different
*ingg Proteins were incorporated to various levels 1ntolmeat systems and changes in water
*&mesg_PrOperties and texture studied. Very good correlations were obtained between diffe-
in functional properties and differences in the properties of the meat systems.
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ﬂ?ﬁgé\gefinir les qualitd@s fonctionnelles des protéines alimentaires comme des qualités
Sty Chimiques en &tat de donner des informations spéciales comment une protéine va
]%CheSans_Un systéme alimentaire. Cependant, ce spnt seulement un petit‘anbrc de re-
ke ,9ui sont faites sur la corrélation de ces qualités avec les qualités des systémes
n ©s. Les qualités qui donnent de 1l information sur la capacité de liaison d”eau
importantes pour 1-&tude des systémes de viande. Cette &tude ici s”occupe de
Jualités fonctionnelles qui dépendent de la relation entre de l"eaur et de la pro-
NDrQi?§l que 1 "effet de ces gqualités sur les qualités des systémes de viandoi auxquels
ey ééflnes qui ne sont pas conventionnelles ont &té& ajout@es. Les qualités a @tre

S Sont celles de la solubilité&, du gonflement, de la sorption, de la viscosite,
84, Udg auSOngélation. Des protéines différentes étaient incogporées dans les systé@es.de
e X niveaux divers et les changements de la liaison d”"eau et de la texture étaient
'Qtiog De tr&s bonnes corrélations étaient obtenues entre les différences des cualités

Nelles et les différences des gualités dans les systémes de viande.
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Die funktionellen schaften de: hrungsmittel-Proteine 5 phvs Chem;ls
pny i
eines geulsspn prot

Eigenschaften bezeichnet werden, d:e Auskunft iiber die Wirkungsw
in einem Nahrungsmittelsystem, geben k&nnen. Es sind abker auf di Gebiet nur wenig®€ _. 1
systematische Untersuchungen gemacht um festzustellen, wie > Eigenschaft it den e
schaften der komplexen Fﬂhrungsmitil systeme in Wechselbeziehung stehen. Eigen
Auskunft iiber das ¥ erbindungsvermégen geken, sind besonders fur Fleischsysteme sehr
tig. Diese"hier ngurntq‘machte Untersuchung befasst sich damit einige funktionelle Flkeﬂme
schaften festzustellen, die von der Wechselbeziehung Wasser- Protcln abhdngig sind sowie 245
Einwirkung auf die Fleischsysteme und zwar dann, wenn nicht-iibliche Proteine zugesetzt‘we
Die funktionellen Eigenschaften, die besprochen werden, sind diejenigen bei:
Quellung, Sorption, Viskositdt und Gelatinierung. Verschiedene Sorten von
stufenweise in die Fleischsysteme eingefiihrt und die Ver&nderungen des Wasse ,lnuAﬂqberq
und des Gewebes studiert. Sehr gute Auskunft iiber die Wechselbeziehung zw en Vers
rungen der funktionellen Eigenschaften und den ELgcnschavaerﬁnd@rquA'
wurde erreicht.

=

aer

Awqchqvqtaw

BRIMAHUE HEKOTOPHX OYHKIMOHAJNIBHAOX CEOQACTB JIOE ABJIE HHHX BEJKOI
3A MACHLX CHUCTEM

A ABA G
HA CBOuCT

Anne-Mapue ['epMaHCCOH

JlyHp cknid YHuBepcutreT, Xumuueckuil ledarp, Hayuno-mumesoyu ortpen, Jlyun, leenus

OyHKIMOHANbHHE CBOMCTBA OEJKOB [Jf NMIEBHX INPOAYKTOB MOXKHO ONpENeluTh Kak
PU3MKO-XUMUUECKME CBOMCTBA, [abmiue OINpefeleHHOE KOJUUECT B0 CBEIEHUM O NelCTBUM
6enrka B cucteMme nuraHus. OOHAKO TOJNBKO HE3HAUUTENBHOE KOJIUUECTBO CUCTEMATUUYECHUX
uccnenoBaHuiA OHIO IIPOBELEHO HA TeMy KOPpeJNsAlUy 3TUX CBOMCTB CO CBOMCTBaMM CIOMHAX
OUIEeBHX cucTeM. IS MECHHX CUCTEeM SBIADTCA 0C000 BaMHHMM CBOWCTBa, Jammue WHPopMa-
UMD O BOJLOCBA3HBabDlledi CIOCOGHOCTM. OTa CTAThA paccMaTpuBaeT HEKOTOphe ¢yHKUUOHAJID~
HHE CBOUCT B, 3aBUCHUMHE OT COOTHOWEHUA BoJa~- OelOK U BIUAHME MX Ha CBOMUCTBA

MACHBX CUCTEM, K KOTOpbM OHiM HOCAaBIEHH HemabjoHHHE 6 elKu.

O6cy#pnaeMhe 31eCh (yHKUUOHANIBbHHE CBOMCTBA 3TO pacTBOPUMMOCTH, HabGyxaHue, copbuud,

BA3KOCTh U MHEJIUPOBAHUE. H MsicHEHM cucTeMaMm HoO0aBIAIUCH pas3HHe copTa Oejaka [0 pas-

JINUHHEX y“OBHEH U uCCiaeloBaJUCh BOOOCBA3HBapmue CIIOCOOHOCTU K ] y TKaHN.
Brnu [IOJIyUEHH OYEHD XOpPOMUE KODPpPEeNslnM MexIy Das3InuudaMMi B [YHKIMOHAJDbBHHX cBolicTBaX¥

M CBOMCTBaxX MACHHX CUCTEM.
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INTRODUCTION

s lhe dev@]opment of new protein products is the subject of intensiye research at various 1ocatiqns all over the
0rlq Many functional properties such as solubility, swelling, viscosity, gel, foam and emulsions properties

en investigated but there is still not enough information on how these properties can be correlated with

ies of complex food systems to which proteins have been added.

haVe Be
i DroDert

l?? Processed meat industry is expected to have a high pqtentia] for protein products. In this ﬁnvestigation.the

; of &ct of functional properties depending on water-protein interactions on moisture Toss and texture properties

o d5 10del meat systems and of a finished meat product have been studied. As meat products are complex and often
et U1t to control, well-defined model meat systems prepared under ‘controlled conditions were used for the

r“tab]iShment of relationships between functional properties and moisture loss properties. The effect of percen-

rio . XChanged proteins on moisture loss were studied for raw meat systems and for meat systems heated to va-

; iég]zttemDEFatures. Three protein products of entire different character were incorporated namely a soy protein

& Promine-D, a sodium caseinate and a whey protein concentrate (WPC).

FUN
"CTIONAL propERTIES
The ! e .
funct re f i ducts are summarized in table 1. The properties to be dis-
¢ 1onal parameters for the three protein produc 4 : ;
us§ d are solubility swelling, viscosity and gel strength. These properties are not 1ndep¢ndent and their
tad Tonships can be‘€11ustrated qualitatively or quantitatively (1, 2). Swelling, when defined as the spon-
ggn US uptake of water. is the first step in the solvation process. If swelling is un11m1teo.th¢ protein will
s;v te; if nét swe]iiaq will proceed until it is limited by various intermolecular forces within the swollen
%ED]Q‘ The for%er is the case for highly soluble Tow viscous protein products, the latter the case for denatu-
> 399regated or textured protein products.

0f b
the thy i : i a limited type of swelling (3). As can be seen from table
1 three prot products studied Promine-D has a limited tyr At s : .
Hp OMine-p h;éOaELZ]éEjVZ]y Tow solubility even at high pH. The solubility is drast1;a11y reduced by theAadd1—
§Q$n 9f salt at pH around 7'(4): The swelling ability is high in distilled water but is strongly reduced in salt
Uion, The 5a$e phenomenon occurs when viscosity is measured.

o 5 e that Promine-D dis-
Ds@fu]] Picture of the flow properties is given elsewhere (5). It should be added, however, . Promine is

He]dcns in distilled water at concentrations above 8% have pronounced yield zal:ﬁi and pseudoplastic flow.
Values and deviations from Newtonian flow are reduced by the addition of salt.

Hhe ‘ il :
‘ Wig COncentrated Promine-D dispersions are heated, gelation occurs. The ?els ar? :tlm, eégsg1goggd 22¥i gz?g )
gﬂa;-‘oldiﬂq properties. A maximum in gel strength is observed in the temperature range f y
0N and causes changes in the gel properties.

bybe1nate has a high solubility on the alkaline side of the isoelectric point. Thevso1ug1@1ty]1s.1wttle aigeczeg
by ot However, ultracentrifugation has shown that salt causes an aqgtegatqu_whwcg i ijouiwgl;innojsrﬁn]?;if
ted,e 301ub111ty properties. Sodium caseinate has a high initial swe111nq ab;!1£¥, ]i' nio b nggjnate A
Pepgs o Tesults in solvation. The high initial swelling is one cause for the dif icu 1esh ! T
>long, Contrary to the case of soy protein isolate, salt has an 1ncreasing effect on the v1scosw,{. e flow
) acterxgtic% 6? caseiﬁate disners%ohs are entirely different to that of Promwne—@i The f1$w wis a m?St »
trags 12N and ionsequent]v no yield values were observed. Figure 1 shows the viscosity as a 832 102 ot ?qgﬁen
flgél?g}foy the three protein products. The viscosity of caseinateT;§Sezé;izﬁlﬁai?gﬁegzéziégzcevﬁinoin1m;;rtaice
O tho \MiC Tinear relationship over a broad concentration range. 11.‘ A Y ‘ der , ‘ g
Se Eehaviour of caseinate in meat system. Caseinate 1a;ks the SO 1mpoytanth??;aggﬁnjigl;;tzaigrbeiélngé WZ;?
% ot that Caseinate alone cannot thermally form a three-dimensional matrix, whic n :
=" Components.

IBE o : ‘ ; :
aﬂ%f7ﬂa11y is highly soluble over the entire pH ranae in spite of the fact that_tTeHWPC D;Epafat;??n5t233$?*waS
“531y denatyred Salt had no effect on solubility nor on swelling ability and vlsbo>1ty. : e >¥i f]%w béca%g
Mopg °" 85 well as the viscosity. Newtonian flow was observed in the range 4 - 12%. T?ereadter e a
1 ~ *Md more Dseudopiastic. At very high concentrations (~ 20%) yield values were observed.
he ‘ -
Dr@éﬁey Protein concentrate forms gels when heated. The gels of whey proteins are 165§~5tab1§ Epgnegﬁgzi 8: zgx
Prote: 'S and water is easily pressed out. Salt has a favourable effect on gelation contrary )
1”%Watimn,
Eff@cr
L¢\\‘;151139§§1 meat systems
"Man R e e ]
irﬂHﬁne €ffect of functional properties on meat systems were to be studied, model sy?%emslpfﬁﬁarigtuagirVZESVEd
TrWW:# CO”ditioﬁs were used. To focuse all attention on the water-protein relations a } V1S1rteLLa]ities e
’n’m;n& Meat before it was ground and nothing but protein, water and salt werp‘ddded. WO T%a b]ef g
Pory " +€d meat Dronct; were used in order to avoid conclusions from a special case. TTSY w%re €
)hgulde“< The nuofiﬁnt protein/water was kept constant at 0.2 throughout the experiments.
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Figure 2 shows the effect of percentage exchanged protein on the moisture loss of the raw pork shoulder System;
Similar results were obtained with the beef brisket system. 30% and 50% exchanged protein in this figure corré
spond to 5% and 8.3% added protein calculated on the total mixture. It is seen that the three protein produCFs,
affected the moisture loss very differently. Incorporation of Promine-D gave the lowest moisture loss. Both 1"
corporation of WPC and caseinate resulted in a high moisture loss. These differences can be explained by the
previously discussed functional properties. Promine-D is characterized by a relatively low solubility, @ h1gh5
swelling ability and a high viscosity at neutral pH. Both caseinate and WPC are high soluble but caseinate hd
a higher viscosity and swelling ability. An attempt was made to correlate differences in functional proper
with differences in moisture loss properties by a computational multiple regression procedure. The proceduré
involved the calculation and testing of all possible combinations of functional properties (1). Table 2 shoWs
the correlation coefficients of the best statistical solution.

A very high total correlation coefficient of '0.99 was obtained with solubility in the first place exp1a1n1ngies
79% of the variance and swelling and viscosity both explaining 10% of the variance. Of the functional proper’
solubility contributed positively to the moisture loss thus negatively to water retention. High swelling an
viscosity data on the other hand are positive for water retention properties.

Addition of salt (1 - 4%) is known to increase the water binding properties of meat systems due to ch]ofﬁde.ffy
binding and increased repulsive forces (6). As discussed previously salt affected the protein systems Vefydkow
rently. A meat system in which part of the meat protein is exchanged-by one of the protein systems can there

be expected to show complex behaviour with respect to water bindning properties. I

h 50% €

Figure 3 shows the effect of salt on the moisture Toss of the raw beef brisket systems without and wit toif
pro

changed or 8.3% added protein. Figure 4 shows the salt effect on the pork shoulder system at the same
level.

The addition of salt had an enormous decreasing effect on the moisture loss in all the meat systems. The added
proteins influenced the moisture loss differently in spite of the dominant salt effect. Most striking i
marked decrease in moisture loss for the caseinate meat systems. The only functional property to increasé as
salt concentration for caseinate is the viscosity and it is suggested that the highly viscous caseinate ac
a paste between the meat particles.

Exchange of Promine-D did not change the moisture loss properties of the beef brisket system. In the pork i~
shoulder system exchange by Promine-D increased the moisture Toss and the meat - Promine-D system showed 2
mum at 4% NaCl. The moisture loss values for meat-WPC systems are high relative to those of the pure med
tems, but decreased with increasing NaCl-concentration.

When pure meat systems are heated, moisture loss normally increased with temperature to about 90°c. Figure :

shows the effect of protein incorporation in the two meat systems as a function of heating temperature. Theer |
added proteins here make up 8.3% of the total mixture. The upper part of the figure shows moisture 10SS aftce

heat treatment as a function of heating temperature, and the Tower part of the figure the relative differen
between moisture loss of protein meat systems and pure meat systems.

Contrary to the raw meat systems incorporation of WPC resulted in a lTower moisture loss than 1ncorp0rat10”tﬁ2
caseinate when heated at temperatures above 70°C. Both WPC and soy protein isolate but not caseinate have
ability to form gels when heated. For WPC 70°C is not a sufficient heating temperature for gels to form. n at
Promine=D gels formed at 70°C under the experimental conditions and the gel strength increased to a m§X1mu for™
80 - 90°C. In the meat systems the added proteins can interact with themselves or with the meat proteins

a protein network that can imbibe water and reduce moisture loss.

Table 3 shows the correlation coefficients of the best statistical solutions when 8.3% and 5% protein Of tgem
total mixture was added. For the heat treated meat systems a very high correlation coefficient was obtaine th
the higher level with gel strength alone explaining 94% of the variance. Also on the Tower level gel 5tren21dﬁ
explained much of the variance but the correlation coefficients were somewhat lower than on the higher lev

to small differences in moisture loss.

The influence of exchanged proteins on heat treated meat systems containing various amounts of salt differidﬂd
from their influence on the raw meat systems. The drastic effect of caseinate disappeared on heat treatmesame
the caseinate meat systems showed the highest moisture loss. As can be seen in figure 6 the order was
as in the absence of salt with Promine-D addition giving the lowest moisture loss at all salt concentrd
studied. The difference between the behaviour of the caseinate meat systems before and after heat treatme< "
probably due to the high viscosity dependence on concentration. In the raw meat systems caseinate acted @2 4 ov"’
paste and its pasting property was improved by salt addition. When heated the meat shrinks, water is pres>liine
the viscosity of caseinate is reduced and its function as a paste is partly lost. This would also mean erty
function of caseinate is sensitive to the meat quality used. The more water released the less pasting pr

of caseinate is left.

tions.

Some examples have been given on the effect of functional properties on water binding properties of modele
systems. For a finished meat product texture is of prime importance and it was therefore of interest to dud'
whether functional properties of added proteins also affected the texture properties of a complex meat P was

: - : . : ; 3 e
Commercially produced meatballs with 4% added protein of the total mixture were investigated. The texturionof
investigated both by instrumental methods and sensory evaluation. Table 4 shows the effect of incorporad
Promine-D, caseinate and WPC on some of the texture measurements on meatballs. g

p d1ﬂ
- e . : . pin
The effect of protein addition on texture was similar in character as on the previously discussed water

properties. Promine-D with its high swelling ability and gel strength gave the firmest texture and caset®
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1ac i g
King the so important ability to form a three-dimensional network gave the lowest texture values.

Fr

mSmm;hG results shown it can be‘cgnc1uded that a high solubility Wi11 reduce the water binding properties of

D”ODerit systems and thaﬁ thg ability to form a protein network which can imbibe water is a very important

1”dﬁcaty for the water bindning and texture of heat treated meat systems. The established relationships strongly

dUCtione the use of functional propgrtwes as valuable too]s for the optimization of processes for protein pro-

DaramEt'as wgll as for food production but much research is still needed on the finding of relevant functional
ers of the proteins and of relevant parameters for production processes.
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Tab1e ]

~—2E& 1. Some functional properties of Promine-D, sodium caseinate and WPC.

Property Promine-D Caseinate WPC
S0lubi ma
in owéfty (%) pH
+2M NaCl 4.5 5 6 64
7.0 27 91 79
9.0 37 93 88
at ny M NaCl
B 7 0 56 90 89
0.2 28 91 83
0.5 30 90 81
" 1.0 37 90 81
£l
my 9 (ml/g) i NaCl
: 0 9.6 7.5 ¥
0.2 3.9 5.0 1.8
0.5 3.5 5.6 1.9
Vi 1.0 3.5 5.4 1.5
e .
\2F031LY (cp) M NaCl
at 42 5| 0 1045 75 7
0.2 98 143 8
0.5 75 254 6
G 1.0 134 680 6
(Brg.rength M NaCl
12y (7 181d poise) 0 7610 0 3700
(W/w)
/W) 0.2 1500 0 6600
800¢ 0.5 440 6 7200
H 1.0 90 20 4990
~ o+ water Temp. °C
70 4950 0 3
80 7610 0 3700
90 8680 0 6460
100 7690 0 8630
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Table 2. Correlation of changes in functional proper-
ties with changes in moisture loss of raw meat

Table 4. Texture difference between meatballs with &%

added proteins and without added proteins:

systems.
Functional g ian Correlation Explained Protein Instrumental method Sensory eva1uatiom,\
properties 9 coefficients variance added Extrusion (kp) on firmness (ranki™’
Solubility + 0.89 I 0.79 Promine=D + 4.8 - 0.9
Swelling - 0.94 / 0.10 WPC o - 1.4
Viscosity - 0.99 0.10 Caseinate - 9.5 =Sl
Table 3. Correlation of changes in functional proper-
ties with changes in moisture loss of heated
meat systems.
Functional Si Correlation Explained
3 'Ign o .
properties coefficients variance
8.3% added protein or 50% meat proteins exchanged
Gel strength - 0.97 0.94
Swelling 0.98 0.01°
Solubility M 0.982 0.003°
5% added protein or 30% meat proteins exchanged
Gel strength = 0.71 0.49
Swelling 0.79 0.13
Solubility E 0.83 0.02°
%No significant contribution (95% sign. level)
( P = 1
S = ’ |
Fe 5 —1 50% iz:(‘)f:]lt“mru /'/ ‘
4 I ®WPC 4
1 | %
104 ?& [ fI//
] i 7
| r
10 %‘03 5 i
: [ 4 3 i ‘
;102_ 10° B Vv
> 1 [ /o’ //D\\\
[ [ 7 -7 v
' 1 o |
t st e
:0’- JC‘
1
| 1
[ BT T S i e S W N SRS e ) 30\,‘ R (S =i =
L 6 8 10 12 14 161820 & 6 8 10 12 146 1 0 10 0 30 0 2
Caseiis ol * EXCHANGED PROTEIN
yst@m
Fig. 1. Viscosity as a function of,concentration in Fig. 2. Moisture loss for pork >hOU1de'oteW
— distilled v 0 at D= 108s * (left) and as a function of % exchanged p; 5).
D =100 s ' (right). (From J. Texture Studies (From J. Food Sci. 40, 595, 1977
4, 42f, 1976)

O Promine-D
® Caseinate
@ WPC
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without and with 50% exchanged protein

and with 50% exchanged protein as a function of
as a function of NaCl concentration.

NaCl concentration. (From J. Food Sci. 40, 603,

1975).

(From J. Food Sci. 40, 603, 1975).
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with and without 507 exchanged protein

a) beef brisket and b) pork shoulder systems ' L

w;thout and with 509 gxshanged protein respec- as a funct]onoof NaCT conceptrztgon
tively. c) beef brisket and d) pork shoulder (heated to~§9 C). (From J. Food 3ci.
systems respectively where the effect of 50% 40, 603, 1975).

protein exchange is plotted relative to the

pure meat systems. (From J. Food Sci. 40, 595,
1975).






