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b Satz von Plasma-Proteinen in Briihwurstbrate ist hauptsdchlich eine Anwendungsweise

1y
Wiger ne

iprodukte, anstelle teuren Fleisches. Die Plasma-Proteine konnen gleichzeitig

e

Qualjis ; :
d Alitit des Produktes verbessern, wegen der guten Emulgations- und Gelierungs-Eigen-
Chag

(= ; g 3
q ®n. pas Rezept und die Herstellungsweise des Fleischproduktes beeinflusst die Wirkung
8

g Pl
aSma-Proteine. Die vorliegende Arbeit bespricht Grundstudien daruber, wie folgende
e.ri
ab - : :
1e der Brilhwurstherstellung die Denaturierung und das Gelieren dieser Proteine beein-

PH, Konzentration und Type des Salzes und der freien Fettsduren, sowie Temperatur-
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The
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ng *tion of plasma proteins to minced meat products is primarily
At the same time, plasma proteins

a way of utilizing an

Shsy
Ty e by-product as a substitute for costly meat.

Contp; : 3 lsifica-
by tribute favorably towards the quality of the final product due to good emulsifica

an : s £ at product will
tngy P 9elation properties. However, the recipe and processing of the meat p c

SR ' i £ . » .
0f °€ the effect of the plasma proteins. This work concerns itself with basic studies

theg. "P® following variables of the production influence the denaturation and gelling of

DQra fatty acids, as well as tem-

Pr .
u Oteins: pH, concentration and type of salts and free
©
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Les facteurs qui influencent la dénaturation et la gélification des protéines Rliﬂﬁﬂaﬂ//

de boeuf.
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L°addition de protéines plasmatiques a des produits de viande hachée est avant tout unénﬁ
fagon d”utiliser un produit bon marché en remplacement d“une viande colteuse. Les protéi
plasmatiques peuvent en outre améliorer la qualité du produit final en vertu de leur Pfiw
priétés d“émulsion et de gélification. Toutefois le type d”“ingrédients utilisés et 12 fas
de préparer le produit i base de viande vont influencer 1l°effet des protéines plaSmatiqﬁ
Ce travail porte sur la mani&re dont les variables de la production nommées ci-dessous
influencent la dénaturation et la gélification de ces protéines: le pH, la concentl’atiorl

et le type de sels et d”acides gras libres ainsi que le profil de température.
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PaKTOPH BIMANMUE HA NEHATYPaUHw U XETaTUHAPOBAHUE NPOTEXUHa NJIA3MH KpynHoro poralol

KPUCTEH SPETXEM

raf’
Hopsexcku#t HayuHo-mccreIZoBaTeJbCKUHR HHCTATYT OUMEeBHX NPOIYKTOB,U-1432 AAC-WJH HopB®

loGaBreHne NpoTenHa NJIa3Mu B M3LENHA M3 IIPOMOJOTOTO MACA ABIAETCA OCHOBHHM cnocoéoMe
ACIOJAb30BaHUA HEZOPOTOro MOGOYHOTO NPOAYKTA 3aMEeHAKMETO AOPOrocTosmee MAco., K TOMY xxﬂw
NPOTEHH NJa3MH MOXET 3HAUYUTEeJbHO YJIYUNHTh KaYEeCTBO IOTOBOTO nporyKTa,baaroraps CEOeﬁ
me# CHOCOGHOCTM K 3MyJbTHPOBAHUO ¥ XeJATUPOBAHHUD. OnHaxo penenT u mpomece naroToBﬂeH
ONPOLyKTa NUTAHMA U3 MAca OyNeT BAUATL HAa 3PPEKTUBHOCTH NPOTEUHA NMIASMH.

Hacroamee uccrefoBaHue 3aHuMaeTCA NpOGieMaMu TOro,KaK HUXeNepeuuCcJIeHHHEe cocTaBHHE 5
SJEMEHTH NPOA3BOACTBA BJIUANT Ha NEHATYDPAUHWO ¥ XeJIaTHPOBAHWE NpPOTEUHOB: pH,onIleHTpam

¥ TUI COJe# A CBOGOJHHX XMDHHX KUCJIOT,a TAKXE ¥ KDABAA TeMIeparyp.
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Such d nutritional and resource utilization point of

view slaughter blood ought to be used as
metis a food ingredient. However, the traditional whole blood dishes consumed in some

Spay. 1S have a limited market which is generally deeme
ation of the blood has therefore been introduced to produce red cell concentrate and

wl.: The cell concentrate offers much the same prohlens of utiligationas. the whole blood,
ltin g fur animal feed. The plasma fraction, contain-

%g S g, in Norway, primarily in its use a : : : '
“us Odium citrate as an anticoagulant, can be used as anllng;edlent in mlnged meat products.
OMumis' however, a new raw material for the meat processing industry, and its use must be
2ed,

&
Te . ;
gﬂliggrt in this paper the preliminary results of our work on how the denaturation and

. Of plasma proteins may be influenced.
a

tors
814 ~2ls and methods

Qis Was obtained directly from the animals by draining it into flasks CQntaining enough 40%
°f0_7ij citrate (Na.Cc _H_O_ ° 2H_O, analytical reagent) to result in a final concentration

£y % antj 376128 & & 4 ice and, within a couple of hours, centri-
Je icoagulant: Thd Sample§ were cooled on : : .
lengg -0 give dgep yellow plasia. The obtained plasma was stored on ice and used in experi-
W Within six days.

e :
mﬁlpH Of the plasma was adjusted from its initial value of about 7.8 by adding 0.15 M HC1

(cq Stirring efficiently but cautiously. gimilarly, the sodium chloride and calcium chloride

60% a% -2t 0O) concentrations were adjusted by the addition of appropriate amounts of 30% and
m Ueous“solutions, respectively.
e

°°<‘xtzgn"entration of free fatty acids (FFA) in plasma was increased by tre?ging it With gFA‘
The & Celite according to Spector and Hoak (AR0) = palpitic OF SLEANIc ac.C WAk SHPCREE e

c : . . £
Q&&rglqumetric method of Anderson and McCarty (19?2) was usedlto'detzrmigerzgievzgiiiioiznof
yﬁ r tions of FFA; standard curves were obtained either by analyzing PRECDH

SerQESPGCtiVe acids or by analyzing a serum reference sample used in clinical laboratories,
Tug Orm Lipid" (Nyco, Norway) .

1
?ﬁsﬁznces on the denaturation temperatures of the
;ahni Proteins were studied by differential
I%m ing Ccalorimetry, using 15pl aluminum sample
Q&rﬁco 2 Perkin-Elmer DSC-2 equipped with an
Saty Oler IT and a glove-box. The standard
Erﬁﬂ 3 rate was 10°/min., and duplicate thermo-
ﬁ”n (+§6e always recorded. Temperature calibra-
e’1Zil‘a standard deviation) was performed using

0 Nd diphenyl ether.

70

e

EeﬂfrEZ?dure followed for gelation studies has
fi‘“Dles igned by Hegg and Martens (1978). Plasma
hsm tub 1.00 ml) were placed in Sorvall centri= i
Plul Heis (part no. 120). A programmable water
te;Yed O, type 02 PG 623, Denmark) was then em~

Qhﬁerato heat the samples in accordance with the 30

{he e Cure program selected, generally 1 /min. e e e el
tegsausenter temperature of 60 to 73, simu}at- 5 4 3 2
1n®era age cooking (Figure 1). When the desired INGTES
;mbﬁiature had been reached the samples were
J?mles :ly cooled in ice water. The heat treated

e ere centrifuged at 4° at 15000 rpm in & Einn

i 3 iqure l: Temperature program o

w;let’Otor for 60 min., and the welght of \sue FlgI}ieat treatment employed for deter-
! takenEtermined by weighing the supernatant, mination of relative gel strength.
i as a relative measure of gel strength.
eXperiments were generally duplicated.

TEMPERATURE
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w
hom the paper will be presented
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Results and discussion

To minimize the distance from laboratory experiments to practical applications,
made to carry out the work on commercially available,

frozen plasma.

plasma obtained on thawing contained precipitated aggregates, and pH lowering causé
precipitation already at about pH 6.5 - as opposed to below pH 5.8 with the laborator

duced plasma.

Commercial plasma,

fresh or frozen,

also exhibits a varying degree of
which implies a possibility for uncontrolled side effects from lysed blood cells.

therefore prepared plasma in the laboratory and maintained pH > 5.8 to avoid protein

tation.

attempt}s
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The collection of thermograms in Figure 2 reflects the effect of pH on the denaturatt Vﬂw
plasma proteins. Due to interference from the citrate present, especially at higher P

7
the high temperature (2800) parts of the thermograms should be disregarded. When Compamv

a corresponding set of curves for 0.9% NaCl solutions of bovine serum albumin (BS2)

etealoy

80-85

1978)

et the similarity is striking. The dominant peak
cognized as being due to BSA, which also gives rise to a less well defined peak in

The thermogram of denaturing globulinsg, constituting about 60% of the tota

(pH values > 6.2) is read

ed ¥

16,
i1y o
ré’

ted,

1 sz Pfi‘

g . r
content of plasma (Rauen, 1964), is superimposed on that of BSA, and these proteins aoftw

marily detected as an increased heat absorption above 72
peak maximum, BSA in plasma is 4-5

eit
For our purpose, denaturation of the proteins may be considered a prerequisite for th BS
ming a gel. Figure 3 shows, however, that the pH values which promote denaturation ©
not serve to increase the gel strength of the heated plasma.

the minor change in ionic strength caused by pH adjustment). The results of Figure

reflect two further mechanisms involved in gel formation:
which implies that,
negative charge of the protein.
the molecules is thereby strengthended, disfavoring the association of them into a g€ nen
effect has been unambiguously demonstrated with ovalbumin by Egelandsdal

BSA is about 5.3
also increase the net,

(Wallevik,

LR73),

approaching the pI of the protein, the lack of electrostatic repulsion will allow t

cules to aggregate too quickly and strongly for the three-dimensional network of 2@ 9
established (Hegg and Martens, 1978). The curve of Figure 3, passing a maximum at P
indicate lower relative gel strength at pH 5.8, may possibly be related to this ph€
But the plasma globulins complicate the picture;

their contribution towards the g€

of the heated plasma has not yet been established and cannot be disregarded.

Since Wirth

(1975)

]
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Figure 2:
gram of
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Effect of pH on the thermo-

bovine plasma.

indicates pH values of 5.8-6.0 to be normal for bologna type sau
pH of 5.8 was selected for the initial investigation of salt effects on gelling an
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RELATIVE GEL STRENGTH
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As judged by the positioR
more stable at pH 6-6.5 than at pH 7.8.

above this value, increasind etW¢
The electrostatic repulsion

h
(1978) . (2) "
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on heating.

Effect of plasma PH
relative strength of gels ©

Dilution due t°

adjustment has been correct€
by assuming gel strength t©
proportional to the square ©°
protein concentration.
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Wﬁin' The addition of sodium or calcium chloride to give concentraticns in the plasma of
N&aq +5% had only minor effects on gel strength, however, within + 10-13% of the value

op o.Red for the gel of plasma itself. As discussed by Hegg and Martens (1978) in their werk
0fovalbumin, salt ions are assumed to affect gelation primarily by shlelilng the charges
Cha, € Protein 1 les. With a pI of 5.3 BSA can be expected to carry only a minor net
%aZSe at py 5_go i;;lying that sgielding would not make much of a difference. Thus, the'lack
9e1Jgnificant salt effects is readily understood if BSA 1s assumed predominant in creating

tength.

t S M
Sd\gould be noted that increasing the pH to ////(-\\‘\‘\‘~—-d
mwteé5' attainable in batters by adding phos-
May ;. ' Cltrate (wirth, 1975) or caseinates, A
Take Sply enough of a net charge increase to
mkt alt concentrations important for gelation.
foung TMOre, sodium and calcium ions were
the thto have profoundly different effects on B /\‘
8re prermograms of the plasma (Figure 4). We T SR

. OCeeding to investigate these aspects. c o L
f“tObseFved effects of the concentration of free 1 1 1 L |
mﬁersaclds (FFA), Figures 5 and 6, can.also be 50 70 90°
fgrmin ©0d in terms of BSA being the primary gel- Tesme it
(197)g Protein of bovine plasma. Gumpen et al.
zﬂoringnflrmed By d%ffgrential Se i 1946) Figure 4: Effect of increased concentra-
Jmt FFa Bt Tianinge (quer ot 2 tions of sodium and calcium ions on the
‘hey, Stabilize BSA substantially towards ot o bovine plabiia ot P 5.6,
in th denaturation. Figure 5 reveals the effects s e by Louwiity e Durs

Ca s F i i ith = - [
(12 by che of plasma: Fortifying plasgaHWlE plasma; pH 5.87 0.008% catt: 0.25% Nat.
96 Celite method of Spector and Hoa

st Shifted the BSA peak maximum from : S
i iy on. The gel strength
fa?Ztly below 70 to about 80° in the case of maximum palmitic acid addition g g

o correspondingly, as shown in Figure 6. A positive correlation between the two sets

S 1 9 .
b%ﬁndeiyathHS seems evident, but a discussion of t
Y fe scope of this preliminary work.

[

8
%o bserved 1 implic
i th has severa P : i
mﬂzSQCh leveifgigtnigr?iioisieggatus and the stress of hoi wgft?ir, ;é:gig§gti§;;2 ggdSPre
3 = i i i imals' blood? a -
£2%ﬂ0§;lherdlng raise the level of FFA in the anima e b is i tinlea ERiate

i i approx
o plasma is assumed, this corresponds to app i T enathiiinss: Fhhs 304 Lowss.

F‘-~_:Eiiii? to Figure 6 the higher value renders the
] 1 ) ]

he molecular mechanisms involved is

ations of practical interest, however:
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TEMPERATURE
Figu
Ta o |
free £ ;fEECt of the concentration of Figure 6: Effect of the concentrat%on
gy, Gétty acids (FFA) on the thermo- of free fatty acids on the relatlye
%dded'L i plasma at pH 5.8. FFA strength of gels obtained on heating
E: téd~3 and B: Palmitic acid. the plasma; cfr. Fig. 5.
o a.lli acid. D: None. (Plasma

e
OW in the cow barn).
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Also, is it conceivable that other substances of varying concentration in a batter: e.G'.
phospholipids, may have a similar effect? Boyer et al. (1946) demonstrated a number o’wﬂf
different substances to stabilize BSA, so the effect is not exclusive to FFA. Finally'eiV
the commercial heat treatment of minced meat products alleviate the problem or incr?a "
The data of Figurgs 3 and 6 were produced by subjecting the plasma samples to a max}muegd
temperature of 73~ . Figure 5 shows temperature to be critical in this connection, sin€ lﬁr
from 0.47 to 4,3 moles FFA/mole BSA shifts the bulk of denaturation from taking plac® h@“f
73 to above 73°. Acknowledgedly, to ensure satisfactory detection of denaturation the nt'?
rate of the DSC-instrument was 10 /min. as opposed to 1 /min. in the gelation expeflmeatab
ever, the lower heating rate is not expected to decrease the temperature of maximum

sorption by more than a degree or two.

The crucial importance of the heat treatment is revealed in Figure 7. Increasing t
temperature from 68 to 74 just about doubles gel strength (measurements indicated
An additional experiment (star denotation) indicates that temperatures beyond 76

sult in higher gel strength. In an attempt to separate the time effect from the tem
effect the heating program was changed to have all final temperatures be reached }3om(dﬁﬂf

59 W

after placing the samples into the bath and starting the linear programming at 2

at
pe? utee |

denotation). The result is a clear indication that the final temperature as such 1S 8
importance. Further work is needed to assess the kinetics involved.

Conclusion o
BV s
General: Indications are that bovine serum albumin (BSA) is the dominating _qe_'L-fOl’mlng o
of bovine plasma. BSA is also predominant in the thermograms of the plasma. aloﬂw‘

Effects_on_denaturation (as observed in the thermggrams from differential scanning =% #
The temperature og maximum heat absorption is 4-5- higher at pH 7.8 than at 6.0—6-?'rgﬁ
increaseg about 4~ by raising the concentration of NaCl to 4% (pH 5.8), and it is lnieaﬁ
by 10-11- when the concentration of free fatty acids (FFA) is raised to 9.6 moles/mo in
(pH 5.8). The addition of calcium ions seems to have a complex effect on plasma prote i
denaturation. 7400
Effects_on_gelation: Maximum gel strength is produced at about pH 6.2, approximately ecﬁg
higher than at pH 7.8. At pH 5.8 NaCl and CaCl, had only minor effects. Increasing tWtﬂmF
centration of FFA 10-fold from a natural low o% approximately 5mg/l100ml reduces gel frﬂ
by 30% (pH 5.8). The final temperature of heat treatment is crucial; if it is raise€

to 747, gel strength doubles.
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