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\T ERFACIAL AND EMULSIFYING PROPERTIES OF BLOOD PLASMA PROTEINS.
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E%Stﬂsma, derived from slaughterhouse blood by centrifuging off the red blood cells,
‘ﬁ%zQi Used as an additive in different sausage formulations. It is distributed either
’%ﬁhas gr spraydried. The functionality of the blood plasma proteins in sausage pro-
i maSmeen found to be good. For example a ce;tain exchange of the meat proteins for
%g 4 proteins gives a product, which retain its fat and water binding properties,
is S the temperature in the product is raised to 76°C.
g~ W
winmeél €stablished that the plasma proteins have very good gelling properties (1-6),
;%Watigtlmum in waterbinding properties of these gels is obtained at 74-80°C (3). In-
hfd 1 ;3 of the emulsifying properties of blood plasma proteins have also been per-
Qq&ml;i£10), and according to these studies the plasma proteins are considered to be
Y 5 lers. However, the elucidation of proteins as emulsifiers is not straight for-
1ng Several contributing factors during the emulsification process can give con-
‘g?me €Sults, if not kept under control. Firstly, the emulsifying apparatus, intensity
‘Mgmuségg dominating parameters in governing the final oil droplet size distribution of
%Wlhnat-s formed (11), which in turn influences Fhe emu151on stability. Thereforg the
J“lepr 10? process has to be accurately standardized in order to make any comparison
‘%meinotelns regarding their emulsifying properties. Secondly, the amount of protein
7mhm bg the fat globule (protein load) is largely determined by the type of protein
! eemu{ the protein/fat surface area ratio (11). This latter fact has to be considered
%x' Sifying capacity measurements as used by most authors. In these measurements
TS M amount of fat emulsified by a protein dispersion of a certain protein content
%anei. The experiment is performed by adding oil at a given rate to a protein dis-
~hsb enng constantly stirred, until the emulsion inverts into a water-in-oil emulsion.
‘Wtﬁhe found that the solubility of the protein correlates very well
\FQ§ tgmgésion capacity of the protein, expressed as ml 0il/100 mg protein (8). This is
fsin s expected, as.malnly tbe soluble Part of the protein acts as an emulsifier.
j%nﬂueno express emulsion capacity as ml oil/mg soluble protein in order to exclude
f;%& roie.Of the insoluble part of the protein. It still turned out to be the most
_ﬂis dedueln that had the greatest ability to emulsify fat (8= From these findings one
Fﬂrth Ce tbat the less soluble protein contains soluble protein with a lesser
LMQQUD SMulsify fat, because the more soluble protein has a higher protein/fat surface
1the f“rlng the measurements. This results mostly in a thicker protein membrane
r{w is 2t droplets for the more soluble proteins, if the molecular weight of the

“ﬁa Polydisperse (12). This is the case for most protein products. The thicker the
jw%t i layer of the protein the more probable it is that the emulsion will be stable.
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ong Ying emulsifying properties of proteins are very much dependant on the
? rQlIESOHdltions apd on the.protein concentration. Therefore these factors have to
‘ﬁ Q)Ert_and according to this, a procedure has been worked out, where the emulsi-
! v les of a soy protein isolate, a sodium caseinate and a whey protein concen-
fglnw emeEn‘stgdied {11, }3)- The aim of this work.is to make use of this procedure to
mgbehav91slfy1ng properties of blood plasma proteins and to investigate the inter-
DrOte%OUr of blood plasma proteins at the soybean oil/water interface as compared
0 ins studied before (19).
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\}"i% AND METHODS

Sr
1022 albumin (BSA) from Sigma Chemical Co. was used.

3 lasma from Ellco Protein, Kdvlinge, Sweden was used. Analysis: protein
ﬂ325ied wt¥, fat 0.5 wt%, salt 1.5 wt%.

4y ) 3 blOOd lasma from Ellco Protein, Kdvlinge, Sweden was used. Analysis: protein
h QQO;?% (dry wt), salt 18% (dry wt). Solubility in distilled water and in 0,2 M
. de solution at pH 7, denoted as (0-7) and (0,2-7), is 99.4% in both cases.

1 \dr

ufiya't{]eprotein content and solubility in (0-7) and (0,2-7) for the soy protein
N Te N Sodium caseinate and the whey protein concentrate (WPC) used throughout this
“{m’%t Ven fully elsewhere (14). T

\ Cla
Oy The llY available soybean oil (AB Karlshams Ol jefabriker, Karlshamn, Sweden) was

S Q 5 . ;
%l Malysis is given elsewhere (11).
Qop
lamige el electrophoresis was carried out according to Neville (15).
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The interfacial tension decay of the proteins at the soybean 0il/ygtey interface aS 2 ges”
function of time was monitored with an apparatus based on the drop vofume techniqgué- ‘
cription of the apparatus used (17) and the procedure worked out for measuring madl”
time-dependent interfacial tensions (18) have been given earlier. The temperature was
tained at 25+0.1°.

Protein stabilized emulsions were made up of 40% (w/w) soybean
oil and 60% (w/w) protein dispersion of varying protein con-
tent. A quantity of 50 gram was emulsified in a valve homo-
genizer or a sonifier incorporated into a recirculating system
as previously described (21). The flow rate of the emulsion
through the recirculating system was held constant at 250+25 ml
min~~, and the temperature of the system was 25+2°C during
processing. The power and energy input during the emulsi-
fication process have been measured (21). The emulsions were
stored for 24 hr at 20°C and thereafter characterized in

terms of fat particle size distribution and amount of protein
adsorbed per unit area of fat surface (mg/,2) (14). The
interfacial area of the fat particles expressed in

m“ fat/ml emulsion is derived from the particle size distri-
bution according to calculations given elsewhere (22).

RESULTS AND DISCUSSION (de

Figure 1. SDS-polyachy=i,,
SDS-Polyacrylamide gel electrophoresis gels Ahowdnd = jind
bands cornneAPC, ug
Separation of the proteins in BSA, frozen blood plasma and to 20, 40 §H‘t55ﬂ
spray dried blood plasma can be seen in figure 1. The major of (grom fﬂ”wkwd 4
protein in blood plasma is BSA, and this is consistent with the BSA, {TU:i“\;;ayd“L
approximate content of 55-64% of albumin in blood as given by plasma and >F
Feeney (16). The protein bands in the spray dried plasma are blood pLasmé

not as distinct as for the frozen plasma, and the amount of BSA

has also decreased. Evidently, some changes occur to the

proteins during spray drying, which also shows up when comparing o
the interfacial behaviour of the two differently treated plasma proteins (see pelo
Compared to BSA the two plasma protein products have a more polydisperse proteinl
pattern, which is especially evident in the high
molecular weight region. Besides albumin blood
also contains lipoprotein 4-14% and immuno-
globulines (1-10%), which are proteins of high
molecular weight (16).

).

As a contrast sodium caseinate and WPC, both from
milk, have a narrow molecular weight pattern. The
pattern of soy protein isolate is more poly-
disperse but not as much as for the blood plasma
protein.

Interfacial tension (mN m-!)

Interfacial behaviour

The interfacial tension-time (Y-t) dependence 50
resulting from the adsorption of BSA, frozen and 0 20 g9
spray dried plasma is presented in figure 2. The TIME (minutes)
initial_bulk phase concentration of the proteins [
was 107“% (w/w) based on the soluble content. ‘;Cﬂ4ﬂwﬂ“
They were dispersed in distilled water at pH 7 Figure 2. Time-dependence 08 LA = K
(0-7). In this concentration range the surface : tensions at the DEURE L1
activity is highest for BSA, followed by frozen interface §oxn BSA “‘bﬂﬂWLM‘
blood plasma and spray dried blood plasma, having blood pLasma (M) d[u T3] @
the lowest interfacial depression effect. It is blood pLasma (%) S fc”luﬁ
interesting to note that the difference in inter- a 5%bpha5a concentnd
facial activity is greater between spray dried and 10°°% (w/w)

frozen blood plasma than between frozen blood

plasma and BSA. The small difference between the at’

two latter proteins suggest that the serum albumin e

in the blood plasma contributes in this concentration range to a large extelflt tof theclﬂ
face activity of blood plasma. Tybor et al. (9) have shown that the solubility intefﬁ
plasma proteins is reduced by spray drying, and our results show that also the€

activity of the proteins is altered during the spray drying operation. wa¢
The concentration-dependence of the interfacial tension obtained at the sOYbear.]I,l 4
interface for the spray dried blood plasma at (0-7) and (0.2-7), the soy Pf0%8%2,7)an

(0.2-7) and (0-7), the sodium caseinate at (0.2-7) and (0-7) and the WPC at
(0-7) can be followed in figure 3 (19). In this figure the surface pressure
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g,

ngy . 2fter 40 minutes, T 40 min 1S plotted

LIUY € initial subphase concentration. The
s Tessure, v , is defined as ¥ =Y =7 »

N tg l? the initial interfacial tension.

ot figure it can be stated for all the

ETMES Stud.ied that the addition of 0.2 M NaCl
nfﬁt ie interfacial activity over the whole
ifl 18°On range. Although the plasma proteins
d%m Qfﬁ salt, which gives a salt concen-
Vlsalt 06 M in a 1% protein dispersion,
;rSurf dddition has a large influence on
\f?hhlace activity. When salt is added the

B Olq double layer surrounding the protein
ﬁ%ions Suppressed, and the electrostatic

tyy during adsorption and between the ad-
& SCules is reduced. Therefore the

f&c ®lecules can pack more densly at the

4y ' Cdusing a larger interfacial tension

4
5
i

T40 minutes (mN m-1)

e
"}

By

T - 5
imrU@ th Figure 3.
&1%Qia € concentration dependence of the

01 °+ tension for all the proteins studied
‘%@.Owln

9 can be stated. When salt is added,
Oy 03 ) Caseinate and the WPC have a curve

ty Mrif to each other giving a plateau
anb ®: whereas for blood plasma and soy
&ISuntiSUCh independence of concentration
'Qﬁte al-a concentration of 1%. Furthermore,
g j.°lal tension decay caused by the milk
hg
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5 L4 4 t

tudied at
1 (‘19

S much larger (caseinate always being superior) compared to the other two

a ; ; .
yfmm. t the lower concentrations, whereas the reverse is found at the highest concen-

it Sre

is behaviour is especially pronounced for the blood plasma proteins, which

!
ty, L Sher Surface activity than the soy proteins in the concentration range studied.
ng, IOpertjes such as hydrophobicity, flexibility and charge density of the
IFVSUrUt also the average molecular weight, molecular weight distribution and the
R ACe area ratio influence the adsorption characteristics of the proteins. Cohen
.fwy eal' (12) have concluded for polymer adsorption from polydisperse systems that as
”fwﬁr - Surface area ratio increases a kind of fractionation occurs, with the high
’ii%&rzglghtsion the surface and the lower molecular weights in the solution. The
Oy o Oresis runs have shown that both the blood plasma and the soy proteins have a
"d m“liUIar weight and a wider distribution than the milk proteins. According to the
*née oy Ned above this could explain the higher surface activity of the blood plasma
¢ Ns Proteins at the very high concen-
,ﬁ*ﬁer Czrge protein/surface area ratio). At
Y aniECentrations the importance of the
H?Sihc Y and the flexibility of the 5
~4lY. ?eaSes in determining the interfacial @
ﬂ}gaqtvv?s might explain the superior inter- g 2L
;Qbfdng 1ty of the caseinate and the WPC, z 50
gy & o, lgher hydrophobicity and being more 5
%?re ipared to BSA, having a more ordered E 40
in " th 17 s-s-bridges and a helix content s
0 2
N\ ©
8 2
L behaviour = g
€4y ' 8w
Wity € fat surface area of the emulsions =
Arg b1 10 passes through the recirculating 20 40 60 80 100
e Omg engtteg versus power input during Net Dower. consimpHon (W)
ll ;%nti Z2ation. The initial protein content
L q (- 00US phase was in all cases 2.5% ) ; S iy
Y “@d S Proteins used as stabilizers were Figure 4. Fat sunface area of protedin
ahﬁte( bloog plasma at (0-7) and (0.2-7) and stabilized emulsions as a §
\%QXMWH'2‘7). The latter protein was chosen function of net pomeCs i pu A
oD o of non-flocculating emulsions, aftern emulsdiflcation with a
y-lth Inost linear increase of fat surface vatve homogenizern using 10
ﬂ%qm%ngoer input, when valve homogenized passes. SUW““Sﬁi‘_“'*' ggUUd
?ﬁ%:arezrg (11, 14) has found that the fat p{asma (0'?'7]’._"~t’ é#f“?u
‘»_r‘;zgrd eithOf a protein stabilized emulsion, ;?La’ma (0-7) ,ocoonemsees Casesnate
{30{ ig ler in a sonifier or in a valve homo- (o2 =7
Ity Suly, ;3Tger for flocculating than for
;Q‘Wasoéng emulsions. By microscopical examination it could be stated that floccu-
~:?&?SqanserVed around 40 W for blood plasma (0,2-7) and around 75 W for blood plasma
Mguznsurfbe seen in figure 4 these power consumptions coincide well with a sudden in-
%fd emuicé area for the two curves representing blood plasma (0-7) and (0.2-7)
k‘Sumptizlons. Otherwise the curves follow the more or less linear dependence with
Nl
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This further substantiates the findings by Tornberg (11)
that the emulsifying conditions, such as emulsifying
intensity and time, are dominating with regard to the final
droplet size distribution, the choice of protein being of
minor importance.

As has been pointed out throughout this article the
protein/fat surface area ratio is a crucial factor in
determining the amount of protein adsorbed on the fat drop-
lets (protein load). In figures 5 and 6 protein load (mg
adsorbed/p2f£5+) and percentage protein adsorbed from
the bulk phase is plotted as a function of mg protein ini-
tially available in the bulk phase/p2f5+ (X) on a log
scale. All the protein stabilized emulsions at (0-7) and
(0,2-7) are included in the figures (13). The results ob-
tained for the blood plasma and the soy protein (0,2-7)
stabilized emulsion are plotted in the figures, whereas
lines with error of limits are drawn for the other protein
stabilized emulsions. Log X can be varied in two ways,
either by having an initial constant protein concentration
in the bulk phase and expanding the fat surface area by
increased emulsifying intensity, or by varying the initial
protein concentration and keeping the fat surface area more
or less constant by the same emulsifying procedure. The
former procedure has resulted in the lines with error of
limits, whereas results obtained from the latter procedure
are marked as points in the figures. The discrepancy
between these two ways of making the emulsions will be dis-
cussed more thoroughly elsewhere (13). The main conclusion
that can be drawn from this investigation is that the pro-
bability increases for a higher protein load when varying
the protein content, due to more coalescence occuring
during emulsification.
Figune 5. Protein Load of all the protein stabi-
Lized emulsions at (0-7) (k===%) and
(0.2-7) |® ®) as a function of Log
(mg protein initially available in the
26 vl
bulk phaée/mz fat)

If we compare the different proteins in figure 5 at high
log X, i.e. at a high protein/fat surface area ratio, very
di fferent behaviour is observed. The soy proteins, es-—
pecially in 0,2 M NaCl, where aggregation of the proteins
is favoured, have a high protein load (= 10 mg/m2),

whereas for the caseinates it is as low as 0,5-1,5 mg/m2.
Moreover, the caseinates do not show the typical curve form
observed for the other protein stabilized emulsions, where
protein load increases or levels out for higher log X.
There is instead a maximum in protein load around log X
equals to 1,0. If we follow the theory of Cohen Stuart et
al. (12) it suggests that protein load should increase with
higher protein/surface area ratios as there is a preference
for the higher molecular weight part of the proteins to
adsorb at the interface. This is followed by the whey
proteins, the soy proteins and the blood plasma proteins
but not by the caseinates. Evidently, the caseinates have
no high molecular part to adsorb, which further substan-
tiate the proposal made by Tornberg (22) that it is the
monomeric casein, which is in equilibrium with the casein
aggregate, that migrates to the interface. Blood plasma
(0,2-7) has a high protein load at large log X in between
the soy proteins and the WPC. For blood plasma dispersed in
distilled water the high level of protein load is not
achieved, but instead the amount adsorbed stays around 2,8
mg/m2 independent of log X.

The behaviour of the proteins at low log X can better be
viewed in figure 6. There it can be seen that for the case-
inates the percentage protein adsorbed increases with de-
creasing log X even to the lowest protein/surface area

Figune 6. Percentage protein adsorbed from the bulk
phase to the intengace of all the protedn
stabilized emulsions at (0-7) (k----k) and
(0.2-7) (e——e) as a gfunction of Log
(mg protein Ainitially available in Zthe
bulk phaée/mz fat)

Protein load (mg protein adsorbed/m2 fat)

Percentage protein adsorbed
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Bats
Mi;:'lwhereas for the soy proteins it levels out already at a log X around 1,0. This
“abi 1n this low log X-region thicker protein membranes for the caseinate
Zedemulsions than for the soy protein stabilized emulsions. At high log X the
is found. The blood plasma proteins especially in (0,2-7) behaves more like the
es in the low log X-region. This is favourable, because the amount adsorbed for
byt loog plasma proteins is in this region higher than for the WPC and the soy proteins
wmls?ss than for the caseinates. Thus, the blood plasma proteins seem to be good ]
UQQ 1fiers, anyhow when they are dispersed in 0,2 M NaCl solution, because comparatively
Protein membranes are achieved both at low and high protein/fat surface area ratios.
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