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€rtung von Blut in vermshlenen Fleischprodukten
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sditicpeil ist Blut in Blutwiirsten mit den vom Blutgehalt
1rten sensorischen Eigenschaften angewendet worden.

Ses macht sich besonders fir die Farbe der Prcdukte geltend.

e Anwendung des Blutes in anderen Fleischprocukten fordert
Sif Verfashren zur Verminderung des Farbengrades, um das
icrielle Aussehen der Produkte zu bewahren. Dieses

nach Entfernung der roten Fraktion bei separater Ver-
vunC““E von Blutplasma und Globin erreicht werden. Die
AuswirkUﬂg der Entfernung des Hamoglobins auf die funktionellen
FlgeﬂSCha{Len des Globins wird besprochen. Blut kann als gine
d1UL~F5tt-Protejn—Emulsion den Fleischprodukten beigegeben

2n, aber eine spezielle Behandlung der Emulsion ist

X Poynmg T ) 2 2 : " . :

= Orderlich, um die gewlnschte Farbe zu erzielen. Die

‘echnik 5 ¢ v s A
Nik der Emulsionsproduktion wird beschrieben. Die

Seng s ¥ .-
S0rischen Eigenschaften und der Erndhrungswert der

Wil
rst . -
t® mit Emulsionen werden besprochen.
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Atent, Ths

%ire 18 applies especially to the color of the product.

itionally been used in blood sausages with sensoric properties dominated by the blood
Use of blood in other meat products re-

a ey s
Ths Procedure to decrease its color intensity to preserve the traditional appearance of the products,

lsc

He
Me
Te :
o “aoval by acetone treatment reduce the functional pro

a .
1 be achieved by separate use of blood plasma and globin after removal of the heme group.
perties of globin with regard to use in

s
pr‘)du ¥Stem, especially at pH values normally found in meat products. Blood may be added to meat

Ctg s A .
& e a blood-fat-protein emulsions. A Special treatment of the emulsion is required to mask

on of ultrasonics or homogenization under

or ;
ig p °f the erythrocytes. It may consist in applicati
blood, 15% fat and 6,3% Na-cas-

reg
Cip,
a
> o i i i to an exten
R € produced which can replace meat in Wiener sausages to
The production costs of the

8 : : . . :
ure. By use of homogenization emulsions containing 27%
t that the sausages

Qont .
) 8n 5% blood without affecting the normal color of the product.

len = L :
T8hi 1. . '8 about half of the marked price of the meat it replace, and the nutritional value conside-
i igh . : . L -

hmitin §her. The chemical score of the combined emulsion proteins 18 94 with isoleucine as the

li’hit § aming acid compared to a chemical score of 57 for pork head muscle with tryptophane as

in
g amj % :
inoacid, The iron content is about three times that of the meat.
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Par tradition le sang a été utilisé pour des boudins noirs les pro-
priétés sensorielles desquels sont dominés par le contenu en sang.
Cela s'applique particuliérement & la couleur des produits. L'uti-
lisation de sang dans d'autres produits de viande demande un procédé
pour la réduction de l'intensité en couleur 4 l'égard de la préser-
vation de 1'apparence traditionnelle des produits. Cela peut étre as-
suréc par l'utilisation séparée du plasma sanguin et de la globine
aprés l'enlévement du groupe hémo. L'effet de l'enlévement de 1'hémo
sur les propriétés fonctionnelles de la globine sera discuté. Le sang
peut 3ctre ajouté aux produits de viande en tant qu'émulsion de sang-
graisse~-protéine; cependant, une opération spéciale de 1l'émulsion sera
requérie pour l'obtention de la couleur désirée. La technique de pro-
duction d'émulsions sera décrite. Les propriétés sensorielles et la

valeur nutritive des saucisses a émulsions seront discutées.

VCOnb30B2HYEe KPOBW B KOJO2CHHX H3IEJIHAY.

IIDDORT

LEPCYH, roxTop BeT.HayK, HomneHraresx.

XpCcBs Haxcjuna cefe TNpPUMEHCHUE, TIJIABHHEM 06pasoMm,

32 XPOBSHEEX KOJ0AC, B CEHCOPHHX CBOHCTBAX KOTODPHX
coZepxaise KPOBH. IJTO OTHOCHTCH, B NEPBYD ouepelb,
E3Lenvy .

EQHHA KPOBK B APYIUX MACHHX H3IENVIX HEOoOXOLuM
uit mpoumecc OCBeTJEHMA KPOBU C LEJNBK COXPaHEeHHA
EEOrD BUEWHErD BEAa. PemeLkeM NPoGJeMH MOXeT GLITh
10Xb3088HNE KPOBAHOH NiasMmu ¥ rao6uHa, JHINEHHOIO
inul. LOKJ&IUEK OT'OBODHT 93{EKT oTHeJeHHA IeMOBOii
FHKIMOHaJbHEE KauyecTBa raobuHAa.

cOaruTh K MACHHM HM3ZeJUAM E BHIE OSMYyJIbCHH, CO-
OBM, ¥Mpa I NPOTEHHA, OJHAKO IJAA MOJyUEHHA Xe-
HeobxoxuMa occbamg obpafoTKa OMyJIbCHA. LOKIAL-

(]
A

Lo
o
Qo
o
~




H4:3

Bl s
‘Zation of blood in comminuted meat products.

I
RGEN WisMER.PEDERSEN.

8 . g .
Partment of Meat Technology. Royal Vet. and Agricultural University. Copenhagen. Denmark.

Uring Slaughter of animals considerable amounts of blood become available amounting to about 3, 5% of the
“ight of the live carcasses. The nutritional value of the blood has long been recognized, and blood has

fen £y ’ i been used as an ingredi-
~ fully utilizeZ in rural households in various European contries. Blood has g
" in Varj

i i its, I b la-
tio ous types of blood sausages and puddings, blood soups and bread or bisquits. In urban popula
1S hay
e

consumer interests in these types of products however been rather limited. At present give
Seasonal demands for blood sausages only utilization of a minute fraction of the available blood supply.
Horts to utilize blood in the meat industry have thus mainly been directed towards formulations which
~Svent blood from changing the normal sensoric properties of the products. This entails use of blood
Dn Smay) quantities to strengthen the pigmentation within the the natural color range of the products,
h;;o USe blood in emulsion systems. Special treatments of such emulsions may partly disgu'ise the

* °8lobin containing cells, the erythrocytes, so higher than usual amounts of blood may be incorpo-

e i i ation into the cell free frac-
tig ' the Products, Blood may however also be fractionated by centrifugatio
nY

the blgoq plasma, which can be added to meat products without color problems, and the erythro-

Vte ¢ ; : :

i 13 i s fraction after decoloration.
D Faction, Attempts have been made to utilize the hemoglobin of thi
Q

Sco] :
2ration of hemoglobin.
Th

Pr Mterest in utilization of the hemoglobin after decoloration stems from the fact that it is the major
te; : ticoagulant,centrifugation
" com i W i d after use of citrate as anticoag ; g
i o blood is collected a
Wlllt Ponent in blood. hen

N give appox. 66 kg plasma with ca. 8% protein or 5,3 kg protein and 33 kg erythrocyte concen-
Sithca, 38% protein or 12,5 kg protein. (Dupjohan 1976). More than 90% of the content of dry

attey tic heme group the globin ma
be i erythrocytes consists of hemoglobin. By removal of the prosthetic g p & ¥

trate

e ‘ ) ; Land , 1973,1975
Vit Rdereq colorless. This may be achieved in pilot plant scale (Tybor, Dill & Landmann, 19 975)
Se of
i a

Is g modification of the original method of Anson & Mirsky (1930). Lysis of the red corpuscles
Sty i <z diluting the erythrocyte concentrate with water. The released hemoglobin is separated from

g in i idi lepglobin by reaction with ascor-
big Y treatment with chloroform. The hemoglobin is oxidised to choleg y

ac; 3 g - 5
€1 ang air, then acidified acetone is added to precipitate the globin. The globin is washed with ace
redi i i f tone to be regenerated,

a3 : dlssol"ed and spray dried, The process require large expenditures o ?ce o gl
b - i 1973) has consequently sugges-
teg £50 1 acetone is used to produce 1 kg globin, Palmin and Petrova (19 y suge

s i i he hemoglobin solution by precipita-
top thode to minimize acetone expenditure by concentrating th g

i it i ood capacity to absorb water
in ¢ b sanr solutions prior to application of acetone. Globin has a very g P

Wel1:
I elllng|(HEI‘mansson & Tornberg, 1976) to emulsify oils and to produce foams (Tybor et al. 1975).

Goes Not
Crg 197¢)
® ), .
;mstant o
rasti . ;

c . : f e 1 (Buchbjerg 1977).

The *eduction in solubility at pH values between 6 and 9 as illustrated on figur Ut

i ss & Torn-
Produce gels on heating as do the plasma proteins but becomes creamy (Hermansson
the globin molecule so it becomes much less

1971). This is reflected in a

Removal of heme impaires the stability of
denaturing agents than is hemoglobin (Antonini & Brunort,
“nety ; 6. Globi
isola "ctiona] Properties are thus mainly of interest in food systemes with pH values below obin
t ) ; g
top '.Ed bY the acetone method may unfortunately suffer from off-flavors due to undesirable side reac
n the Process,
°8lob; : i i er partially destro
the $lobin may also be decolorizes by treatments with strong oxidants wich however p Yy ¥

R : i i lobin may be uti-
112‘Es i Quality (Gorbatov 1976). The high content of essential amino acids of hemoglo y

: . : er required to obtain a
blay, ¥ Separation after enzymatic hydrolysis. Special techniques are Beppeveriaen

a
Ste of the products (SIK 1977).
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Disguise of hemoglobin color.

The methods to decolorize hemoglobin are predominantly based on removal of the heme moity. Frof
a nutritional point of view the iron content of heme must be regarded as very desirable, Iron deficie? y

anemia have been identified by several nutritional surveys as a problem warranting attention (LCVelll

e
1977). It is recognized that iron in the form of heme has a much higher availability than does non-he™
iron. A high heme iron content of food products, especially those primarily consumed by low incom®

groups with low consumption of lean meats, will consequently be desirable. There is therefore sound

nutritional reason for including hemoglobin or whole blood in emulsion type sausages. In order to dis-

guise the color of hemoglobin attempts have made to mix blood with skimmilk and precipitate the pro- i
sm

teins. Smirnitskaya et al, (1973) held a mixture of 15% whole blood and 85% non-fat milk at 95°C fof

nutes in the presence of CaClz. The protein precipitate was pressed to a moisture content of 70—75%

and used as a sausage extender. In another report Smirnitskaya et al, (1973 b) use a 1:1 mixture of

blood and non-fat milk calculated on the protein contents. The results showed that the resulting pro-

tein mixture could replace up to 15% of beef in the production of sausage products. Another approad1

)

prepared an emulsion of 45% fat16-7% sodium caseinat, 20% blood and 28% water which was give?

to disguise the hemoglobin color is to emulsify blood with fats. Zayas, Zyrina and Sokolov (1975

an ultrasonic treatment for 7 minutes in a hydrodynamic vibrator. The resulting emulsions had an
optical density corresponding to beef breakfast sausages and a good stability on storage and head gref
ment. Sodium sojaproteinate might replace the sodium caseinate although the latter is preferred. T
emulsions may replace up to 15% of semi-lean pork in emulsion type sausages without significant

changes in the sensoric properties of the products.

Homogenization of blood emulsions.

The essential feature of the ultrasonic treatment appears to be preparation of the most stabile emu1si0
with the fat droplets as finely dispersed as possible. Zayas et al, (1975) report an average diamete? °

the fat droplets of 1,95 wm. This is about the size of droplets produced by homogenizing ice crea®

emulsions in a pressure homogenizer at pressures of 140 to 210 kg/cm2 (Berger 1976). In our eXPeri’

ments we have found that use of a pressure homogenizer brings about extensive decolorization.

In a pressure homogenizer dispersion of fat droplets arise from the physical impact created by forciﬂg

the emulsion through a narrow orifice or channel in the homogenizer valve by means of a Powerf\l1 puﬂ"
! : e
In the most simple valve design the emulsion is passed through a narrow slit, 50-100 fem wide, betwe, 7
180

two plane surfaces as illustrated on figure 2a. The pressure difference across the slit gives the em?
al
he §

stream an acceleration up to a velocity from 50 to over 200 m/sec,. The acceleration elongates t
droplets into long treads. As a result of surface tension and viscous drag effects, a series of Varicos
deformations appear and grow until the treads disintegrate (Taylor 1934), as illustrated on figure 2b-

Drops of approximately 1/100 the size of the original drop may be formed, To prevent coalescenc® s
fat droplets must be covered with a layer of protein, Observations on homogenization of cream have

shown that in presence of casein the fat droplets will already at the exit of the homogenizing valve i 1
covered with a layer of casein micelles as illustrated on figure 3. In decolorization of blood_fat—casey
nate emulsions it is required that the process takes place at a temperature above the melting [emperﬁ’
ture but yet so low that damage on the functional properties of the blood proteins are minimized . wpe?

pork fat is used we prefer a temperature in the range of 30-50°C. Furthermore the emulsion should

; d z e
contain casein, or another protein capable to form micelles, in such a quantity that the droplets cat
well covered with protein. Working with caseinate we prefer at least 7% protein calculated on the fat

content,

Color effects of homogenization of blood emulsions.

. . . . . . ‘}1’
On figure 4 is shown the relationship between homogenization pressure and color of the resulting o

. . : : cs
sion mesasured as reflectance at 525 nm, the isobestic point of the three forms of hemoglobin. The *

. . ws
emulsion contained 42% pork fat, 27% blood, 6% Na:caseinate and 25% added water. The figure sho
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at §
n s . 5 PE R
Creasing pressure increase reflectance especially up to 150 kg/cm It is thus advantageously to

*Ppl
Y s 2 . . - : i :
Pressures abowve 150 Kg/cm , but increased decolorization is obtained at higher pressures up to at

le
agt 350 kg/cmz

Observations of the emulsion in light microscope show that a homogenization pressure

ameters of 1 and 2 um with 2 few drops of 3 to 6m, Higher pressures tend

%
g/ em give droplets di
2
the globules are generally uncoun-

' geo,

tap), ®ase the average droplet size. With a pressure of 350 kg/cm
s

. <0,5 m) with a few around 1 and Z/Lm. The erythrocytes appears disintegrated in the process,
a :
polY-dISperse system such as ice cream mix it has been shown that the mean volume surface

perimental constants and p is the total pressure drop estab-

lam
Cte - -n
r d=a«p”", where a and n are ex

ished .
during homogenization (Stistrup & Andreasen 1966). The effect of droplet size on the appearance

of
an ;
®Mmulsion has been studied by Griffin (1950). His observations are summarized in tabel 1, An ave-

r
% qy,
t

% Plet size of about lumappears preferable for decolorization purpose. Further reduction than
achj " .
of g hieved with a pressure of 350 kg/cm2 can thus hardly be expected to improve the decolorization
W ¢ ®mulsions,

enized it is often found that the individual fat droplets cohere in clusters,

&n ;
ic g

€ cream mix is homog
s in subsequent stages. The forma-

Ly
sulty,
top )

loy,
er h
ho ®mogenizing temperature (Graf & Bauer 1976).

g in a very viscous mix which has poor processing propertie
f fat globules,
Cluster formation need not necessarily occur in

c : : : . <
lusters is enhanced by higher concentration o higher homogenizing pressure and/or

oo

e 1 ) .

8®nized jce cream mix (Stistrup & Andreasen 1966) and viscosity measurement on blood emulsi-
P Y

Ong
g homogenization pressure.
g

ha
Not shown increase in viscosity with increasin
tent of emulsions homogenized at 300 kg/cm2 and

T
¢ flg“re 5 3 s .

0] is shown the relationship between fat con
content increased decolorization of the emulsions,

0
ei :]fhzznulsions, As expected gives increased fat '
Color oA e blood is used in the emulsions fat contents between 20 and 30% make the emulsions attain
i PR When the centrifuged erythroc

With a content of 26% hemoglobin

esponding to normal lean meat. yte fraction is used higher fat

Ont
Ents
of the emulsions are required to produce normal meat color.
Co :
Sigp Otent of 439, gave a reflectance of 21% which is within the normal meat color range. The emul-
OF is stable on heating. Heating of emulsions to 80°C have thus only insignificantly change the

ef)
Bt
an
C® measurements.
n of the hemoglobin. Measurements of emulsion

Mg A
gen : 3 ; 2 -
ization of the emulsions bring about oxidatio
of the hemoglobin to methemoglo-

E(lta
Nce at 525 and 572 nm has shown a conversion of approx 60%

in

W :

mogl be have avoided the resulting discoloration by conversion of hemoglobin to the stable nitrosylhe-
ol

PrEpa In, This was done by addition of 100 ppm NaNOz and 5% sodium ascorbate to the blood during
ot e

ation of the emulsion.
Nyt

Titiy,
e
Value of the blood emulsions.

N pr
eatgil'::tion of Frankfurter sausages the blood emulsions may partly re
Qontem i nt of about 20%. ' . 4
Aeigg pumébout 299%. By utilization of the relationships betw droxyproline and essential amino-
“Core ished by Dvorak & Vognarova (1969) calculations gave the prot
id, The content of essential a
s shown in table 2. The chemical score

h X . ;
a protein content of about 17% and a fat conte These cuts have a connective
een hy
eins of the meat a chemical

3 of 5 . . g
lea] o 7 with tryptophane as the limiting amino ac mino acids in a ty-
i the Sion containing 27% blood and 6,3% Na:caseinate 1
Pry

€m . " » s
ulsion proteins is 94 with isoleucine as the limiting amino acid. The biological value of the

tey
Slderab use of the blood emulsion in
le
T content of connective tissue, which normally is used in these types of products.
g compared to 3 mg in pork and beef

e

: e .

Jay ™e iron ¢ : ini 7 {5 8

1 ontent of an emulsion containing 27% blood is m

[$ ; :
f the sausage may thus be improved by place of meat with a con-

in this form is available for

Thi
fortification of heme iron is of nutritional importance as iron
1975). As pork fat

By

ptxOn o 3 : 2

Mg, a mixed diet far better than when given as iron salts (Reizenstein et al.
g

:1 the blood emulsions may be used as a vehicle

e
o & Subst;j : y
D3 tituted with other fats and oils as soy bean oil;t

Consgj
Sious
consumers.
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Use of blood emulsions in sausage production,

The question may be raised if the homogenization process impaire the functional properties of the
proteins with regard to sausage production. Production of Wiener sausages with 5,34% blood eithe
ded as a blood emulsion homogenized at 50°C or added directly in the cutter gave final processing yi
of 91,47 respectively 92,00%. The functional properties are thus only slightly impaired even at this %S

'fh
high homogenizing temperature. In table 3 is shown examples of formulations of sausage products i
blood and erythrocyte emulsions, The figures on the content of emulsions represent

lection costs of whole blood is calculated to 1 kg/liter the use of emulsions in the quantities listed iP

the table brings about a reduction in emulsion price of about 10 percent,

Conclusion,

Use of blood as an ingredient of sausage products increase their nutritional value due to fortificatio®
iron and increase in biological value of the proteins., It is advantageoustly to use whole blood or 189

7 i : y y ’ : ) on-
erythrocytes in finely dispersed casein-fat emulsions, which decolorize the hemoglobin, Product$ 2

taining hemoglobin corresponding up to about 10 percent blood have been produced. They showed n° ap

preciable change in their usual sensoric properties.,

400 1 /zenwj/ob/'n
\
L )
Jd \
2 \
Q )
1
3 \
\
Ul
3 50+ \
3 ]
3 \ :
v : / globin
LS \\ /
< ) ,'
LV) ' ¢
Q \ ’
S : ,
Q\ \\\‘ I'/

-

3 4 5 6 y o pf
Figure 1. Solubility of globin and hemoglobin in relotion ZopH.

Table 1,

Effect of droplet size on emulsion apperance.,

Droplet size.

Appearance,
Macro globules

Two phases may be distinguished

Greater than 1 um Milky white emulsions

1 to approx 0,1¢m
0,1 to 0,05
0,05 um

Blue-white emulsions

Gray semitransparent
to smaller Transparent,

levels wh
1
be use without any appreciable change in the normal sensoric properties of the products. When the oF
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with >

\ Ejdrc 2.a Vertical and b horizonlal sketch of /,mnogﬁ?
h/'z/hj valve with dlustration of the behavior of fat drops.

ed fat y/abu/e.s are
ma ymfl'caé/'ah
x 730,000

F;:? vre 3. The surface layers of homogeniz
Composed of casein pricelles (freeze elching,

(Eijwnn /1969).
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A
% reflection at 525 nm

30 4 lighter color than normal lean beef and pork
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normal color of lean beef and pork

{.
1})r—-—-,—-—-————-—-————-—————-—-—-‘——-o--—v————#—-—;-*
/
/
/
'I dark color than normal
]
¢
[}
¥
I
lo ¢
{

oy

v + s

bo o Sod lc.g/cm7

Figure 4, Relationship between emulsion color, measured as % reflection at
525 nm, and homogenization pressure,

Ravs

J0 A _

lighter than normal

e e i s - — - — v —— o

color of lean beef and pork

®

=
zo._..___.__ — e vy o — — g g ——— — | — e—
® :
- darker than normal
20 30 ¢o % fat

Firure 5. Relationship between fat content and color, measured as % reflec-
tance at 525 nm. ® 3,5% hemoglobin A 2,6% hemoglobin I3 26%
hemoglobin in emulsion.
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Ta

L 22

Onte
nt . . . 2 . L5
y of essential amino acids and chemical score of a blood emulsion containing 27% blood

ng ¢
3% Na:caseinate.

L
ass-e“tial .
Ming g os Blood Caseinate Combined FAO Chemical
=itle emulsion reference score
proteins ¥ pattern
1501
Cucj
Le Cin;ne 1,99 6,6 4,0 4,2 94
Sine 12, 4 10, 6 11,2 4,8 100
Sthion; 9,2 8,2 857 4,2 100
?henylaize, b, > 3,3 2,4 252 100
Treonine g 7’ 0 5’ 8 6) & 2’ 8 100
Ly 5,2 4,5 4,8 2,8
ﬁa\’a;iit:pha“e 1, 4 L5 15 i igg
H\Oacidc 9!1_ ThiE: 8,2 -4,2 .100
ontents are given as g. pr. lbg N, #46,7% blood proteins + 53,3% caseinate
Table

y E’(&Hjles of formulations of sausage products with blood emulsions.

% ingredients. Yo
Water and Blood in
Head Pork fat Greaves Liver Blood Erythro- miscella- product
meat. trimmings emul- cyte nEOuS Galculatad ion
2 sion emulsion ingredients hemoglobin
ersausage T
o 30 18 3 & ., it
len
ersauSage >
3 % § 13 31 10, 5
rvel
AL Sausage
~ - » 15 39 12
lver P
aste
3 55 10 40 2,6
Ly

u
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