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Wierte Fleischfasern von Blutplasma Proteinen.

U.A. Lawri e
W varas :
SEsity of Nottingham, Sutton Bonington, Loughborough, Leics., England.

Blutplasma, durch Gefrieren bis ein Proteininhalt von ca. 120 mg/ml verstWrkt, kann in fleisch®hnlichen

e . ; - ;
» n Qusgezogen werden, vorausgesetzt dass unver@nderliche Viskosit#tsbedingungen (ca. 250P) festgestellt
1ng

.

s, Eine solche Unver#nderlichkeit kann durch hinzufligen von NaOH erreicht werden, bis man ein
thyy

tnis von NaOH/Protein 1:10 erh#lt. Dies veranlasst ein deutliches Steigen bis 50P in 15 Minuten;

.S 1:'C‘lge Essigs#ure hizugefligt wird, um das pH von 12 zu 11 zu reduzieren. Der so gebildete Proteinlack
;rd RISTca o0 kg an~2 in ein 20% NaOH in 1M Essigsture enthaltendes Bad gepumpt, entwickelnd Fasern
l_e As ein "Schleppen" Uher Godet rolls zurlickgezogen werden konnen. Hohe strangpressende Geschwindig-
& Von den Spinndlisen verursacht einen hBheren willklirlichen Anh#ufensgrad von dem Protein in den Fasern;
4 hohe zurlickziehende Geschwindigkeiten die Tendenz haben, die Fasern zu zerbrechen.
Ole produzierte Fleischihnliche Fasern haben ungefihr 17% Protein und 73% Feuchtigkeit. Der Aschenge-

i ; i Fleisch i
oo ist hoch; der kann aber durch Splilung auf einen Aschengehalt typisch von magerem Fleisc reduziert
en

) Vﬁllj_g aus Blutplasma Proteinen gesponnene Fasern, obgleich alle die esentiellen Amidos%uren enthaltend,
elgeh R
o =

.Zer s i Sch
. € Werden, durch hinzufligen von ca. 20% Protein ausgezogen mit Alkali von anderem Schlachthausabfall solche

nem weniger als optimalen Inhalt von Isoleucin und Methionin. Dies kann vor der Spinnerei rekti-

y Lugen und Magen. Wenig Lysino Alanin wird produziert, vorausegesetzt dass das Ausziehen der Letzteren
Ntep 40 '
40" ¢
s Ausefiihrt wird. ¥ . 5 i
in Wie aus Rattenflitternden Erprobungen geschlossen, vergr8ssert die Spinhling. solChies \Pesern 916 Nelfoprols
Vi 0 : :
Q’fwendung in Vergleich mit derjenigen des originalen Proteinextracts, trotz einer geringen Verminderung
S5 s :
in .ethi‘mininhalts Die Verbindung manches H#moglobin von dem korpus}‘cularen B;uch des Bllrlts beliefert Eisen
\,th;rller absorbierbaxren Form: (so Vorteile leistend Uher Pflanzenproteﬂn—hergerlchtete Fleischanalogon) und
£ Fles o
€lschfarbe zu simulieren. . s . o/ 3
mikrob‘.ar Mkrobiele Zustand der gesponnenen Fasern ist befriedigend. Sie sind um O & watend dict Jalcaaalas
iy ‘ele Verschlechterung aufgespeichert worden.
lat,
R Sd Meat Fibres from Blood Plasma Proteins
Ungy, Lawri o

Srsj .
e Nottingham, Sutton Bonington, Loughborough, Leics, England.

s i 1., can be spun into meat-like
iy °d plasma freeze-concentrated to a protein content of ca. 120 mg/ml.,

Q St 3
Ve ® Provideq Stable viscosity conditions are established (ca. 250P ). Such stability may be achieved
55 i s s ¥ i arked increase to 50P in
15 1y 3ding NaoH until the ratio of NaOH/protein is 1:10. This causes am
Lutes.
’

in d thi
following which acetic acid is added to reduce the pH from 12 to 11. The protein dope thus
SH; 2 o in M acetic acid, forming fibres
“hi oy, S Pumped at 20-30 1b.in.” > into into a bath containing 20% NaCl in d

Can be withdrawn as a "tow" over godet wheels. High extrusion velocity from the spinnerets causes

3
Sre Tty & e
tang :er degree of random aggregation of the protein in the fibres; whereas high withdrawal Velocitles
fracture the fibres. . :
this e Meat-like fibres produced have about 17% protein and 73 moisture. The ash content is high; but
Can =
N be reduced to that characteristic of lean meat by washing. '
teng “res SPun entirely from blood plasma proteins, although containing all the essential amino acids,
have @ less than optimal content of isoleucine and methionine. This can be rectified by adding to

e i ttoir waste such as lungs
ang before spinning about 20% of proteins extracted by alkali from other aba g
Machs,

o : .
i i C little lysino alanine
; Prog Provided the extraction of the latter is carried out below about 40 - & y
Uceaqg

Y =3 ed . A $ :
MDars iy by rat-feeding trials, the spinning of such fibres enhances the net protein utilization in
l i . 3 : . %
T}lg i =R With that of the original protein isolates, despite a slight lowering of the methionine content
: i i 33 in absorbable
fohn ( Tation of some haemoglobin from the corpuscular fraction of the blood provides iron i

Us co ared fro ab. rotein); and helps to simulate
meat oy, Nferring benefits over meat analogues prep from vegetable p. 5 p
Our

DE s 2
Crobj i t 0°C for three
yea’:s o "Merobi a1 status of the spun fibres is satisfactory. They have been stored a
Wi
Ut microbial deterioration.




H 3:2

La simulation de la viande fibreuse par les protéides du plasmasanguine

RALSTON A.LAWRIE
University of Nogtingham,Sutton Bonington,Leicse,Englande /

On peut file des fibres qui ressemblent ; la viande apfss avoir concentratés le plasma du sang par la Gobﬂy
ation & 120mg.protéide/hl. Pour cela on doit établir une viscosité stable(ca.250P) qu'on peut faire ol

ition de NaOH jusqu' & ce que NaOH/protéide soit 1310.Il y a ainsi une augméntation rapide de la visc”jt
% 50P pendant 15 minutes. Maintenant on ajoute dlacide acétique pour reduire le pH de 12 2 110 On Pompe'a

/s 408
- ’ ’ ido |
200 kgecm 2, le'"dope'protéiné dans un bain dans lequel il y a 20% NaCl et 1 M d'acide acetique.les Pr°ta ‘

4o

prgcipitent comme des fibres.On les retrouve audessus des roues "Godet', 3

1
Si 1'on permet les protéides 3 entrer trop vite l'acide leur aggrégation fibreuse devient faite au pasa”
et si 1'on retrouve les fibres trop vite du bain,ils fracturent.

- t
Ces fibres contiennent ca.17% de protéide at 73% de 1l'eau. Il y a aussi beaucoup de mineraux;mais on pe¥ |

diminue % niveau normgl si l'on lave les fibres en l'eau. Dans les fibres qu'on file de plasmasanguil le i |
'addi £ of' \
eBtomB
NtP'U‘

d'isoleucine et de methionine ﬂ%qst pas le meilleur; mais on peut le corriger avant de filer par 1
20% des protéides qufon a extraitees par 1l%alcali des autres pertes d'abattoir e.ge les poumons et 168
Les expériences avec la nourriture des rats démonstrent que la filature de ces fibres peut avancer le
sur cela des extraits des protéides originales(quoiqu'il y a peu moins de methionine), o

Si la temperature reste moins que 40°¢ i1 y a peu de lysinoalanine. lzaddition de Hb fait les fibresipluﬁ |
bonnes que celles fabriqu;ee de protéides des legumeso ﬁ"
La condition microbienne de mmkkms ces fibres est satisfaisante.On peut les retenir & OOC‘pendant trois ‘

avec de changement inapprééiableo

LCKyCcCTBEHHOE BOCNDOMBBELEHME MACHNX BOJOKOH M3 6EJKOB KDOBSHON NIABMH
P.A. Xaypu. HoTTuHremcku# YHuUBepcureT, CYTTOH BOHUHITOH. ¥.K.

KpoBsaHas nxasMa CryméHHAS C NOMOWBY OXIAXAEHUS X0 COCTOSHMS NP KOTOPEM
CozepxaHue GEIKOB JAOCTHraeT npubaus. 120 mr/ma. nyTeM BPANEHUS MOZeT

6HTH IpeBpameHa B MACONOAOGHYK KJeTYaTky B dopme BOJOKOH, ecJau O6yieT
O6ecnevyeHy CTa6UJIBHNE YCJOBUS BABKOCTH (Npudaua. 250 p.) Taxas

CTA6UIBHOCTE MOXET GHTH NOJAYYEHA BO-NEepPBHX JAo6aBieHuem NaOH A0 Tex

nop nokxa coci1osBEue NaOH/G6exokx He zocTurser 1 : 10. 8To BuamWBaeT

s3aMeTHOEe YyBeJHYeHue BA3KocTU A0 50 P B TeveHue 15 MuEHyT. Becaez za

BTUM ZOCE8BJASETCSH YKYCHAs KUCJIAOTA UYTOOH NOHU3UTE pH ¢ 12 z0 11.
O6pasoBaBmascs Tak¥M 06paso¥ OEIKoBasg ryma NepeKauyuB&HEeTCsS HACOCOM,

MOmEOCTHW B 20-30 ¢./xB. zw#u ( 14,500 - 22,000Re/u%), B manmyn, coAepxamyn
20% NhCL B 1M yKycHO# kxucaeTH, $Oopm¥upysch B BOJIOKHEA, KOTODPHE MOI'YyT ONTH
U3BIEeYeHH BHTSxKo#f kak "kyzeap", EHEaMoTko# Ha kKoxecax "rozer". Brcokxue
CKODPOCTY BHAABJIMBEHMS 43 JABUIBHUKOB NDPUBOAAT K 60XE€e BHCOKO! cTenesu
cayuakHyx arperanuit 6eaKkoB B BOJXOKH&X, TOIZ8 K&8K BHCOKHE CKODOCTH MB8BIEYECHUS
BHTSXKO}# YaCTO NPUBOASAT K CTPYKTYPHHM DA3DPHBAM B BOJOKHAaX.

MoxyueHEHe BOJOKHA colepxaT B cebe okoJo 17% 6eiakoB u 73% Biaru. CoZepxarue
MAHEDAJIBHHX BENLEeCTB BHCOKOE, HO OHO MOXET GHTh COKpPAWEHO NyTEM BHMHBAHUS

A0 YDOBHS COAEpX8HMS MMHEEDAXBHHX BENECTB B HEXUDHOM MAce.

BoJOKHA HNEJUKOM NpOMBBEeIEeHHHE U3 6EJKOB KDOBSHOJ NIABMH XOTS M COLEpXaT BCe
Heo6XO0AUMEE 8NUHO-KUCIOTH, HO B HHUX HaCTO cayvaeTcs, HUTO COZEpxXaHUE H8O-
AOUXHEE ¥ METUOHMHA GHBHET MEHbUNE ONTUMAIBHOrO. STO NOXOXEHHE MOXeT OHTH
yCTpPa&EEHO eCJaH AZ068BUTH K I'ylle Nepei PACKDPYYMBEAHUEM OKOJO 20% 6eXKOB XOOGHTHX
¥ETOLOY¥ SKCT&KOMM C NOMONBY WEAOYM M8 APYrUX OTXOZO0B Ha C6OJHe, TAKUX KaK
Jérxue ¥4 Tpedyxa. Ilpy YCIAOBHUSX KOrZ8 9KCTpPAKNXS HOCAEAHMX NPOUBBOAATCSH INDH
TemnepaType BUXe YEM NPUGIUBUTEIBHO LO®C I1pOWBBOAMTCSH HEMHOrO JMSAHO AJAHKIEA
Ecau CYAXTH> NO ONHTEM C KODMJIEHMEM KDEC, TO NPOASBOACTBO TAKKX BOJOKOH
yBeAMYUBAET NpPAMYH YTUIUBANAW CEJKOB N0 CPABHEHUN C UEPBHYEHMA 6EeXKOBEMHU
BHIeJICHUS¥H, HECMOTPS HA HEKOTODOE NOHKXZEHHE COAEpPXaHud MEeTUOHUHA . BKIDUEHH S
EEKOTODOro KOJAMYECTB& IEMOrIOCUEHE U8 KOPONYCKYJASPHO# YacTd KDPOBU OGECHEeYUBaeT

BOJIOKHA XeJXe30M B Jerko norxamaeMoy popme, (coszapas 9THM NPEBOCXOACTBO NO
CpEeBHEHUK C MACHNM SHAJOT 8MHM, BOCNpPOUBBEZERHNMM U3 DACTUTEIBHEX 6exxoB) X
noyoreeT UMUTHDOBATE LNBET MACAa.

CocTOfHAE MUKPOGOB B HAKDYYEHHHX BOJOKEAX - BHNOJIHE YAOBAETBOPUTEIABHOE.
BosokEa COXp&HSAJMCE IDH Terll. B 0°C B reuennme TPEX JXeT 6€8 BaMETHOrOo
YXyAmEeHKs] B COCTOAHEUM MUXDPOGOB.
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latEd meat fibres from blood plasma proteins
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o

/
e
thﬁ' Intr\oducw
. The slaughter of cattle, sheep and pigs produces about 150,000 metric tons of blood annually in U.K.
T (Edwards’ 1977). This includes 6,300 tons of blood plasma proteins or about 30,000 metric tons of meat

’ emivalent* a total of some significance in relation to a total meat intake of about 2M metric tons. From
1”59 time B time blood plasma has been considered as an exploitable source of nutrients for human consumers

o
:vd‘ : (e.g. as an egg albumen substitute : Brooks and Ratcliff, 1959); and, indeed, blood is used in making "black
bomacﬁ" Qddlng-..’ haggis etc. in certain parts of the country. Nevertheless, most blood plasma in U.K. is wasted
el Seve,:ely underutilized. In the present day world such waste cannot be justified.

Recent R
@ SSearch at Nottingham

5
In Tecent years, proteins from plant sources (such as soya, field bean, wheat) have been extracted and
" y I
'}
s? Un . . i C oot
V4 ‘ or Otherwise texturized into meat-like analogues (Boyer, 1954). Research in our laboratories, initiated
YEar .
| S ago showed that fibres could be spun from blood plasma proteins; and that these could be gathered
in
\ to

‘ Paralleq aggregates which closely ressembled meat in appearance (Young & Lawrie, 1974).

& o .
n Attempting to apply a Boyer—type process to blood plasma, it proved necessary to partially freeze-

i E
¢ untyy the protein concentration was about 110-120 mg/ml. (Subsequently, freeze concentration was

foung - e
More satisfactory than freeze drying : Swingler & Lawrie, 1977). A satisfactory degree of stability

ac] & sy &
hleved at a viscosity of 250 P by first adding NeOH (ratio NaOH/protein, 1:10). This initiated a

Swl
ft 4

HCrease in viscosity to 50 P 15 minutes, following which acetic acid was added to reduce the pH from

® 44
%nt .

Shing 20y N i id, wh fibres of
Whe, 3 1 and 1M acetic acid, whereupon
S

R
-2 S <
The protein "dope" thus formed was pumped at 1.5 - 2 Kg cm through spinnerets into a bath

protein formed which could be gathered over Godet

: * Such fibres contain 17% protein and 73% moisture (Young & Lawrie, 1974). The ash content is high
% gy
)s . . : ¥
} but thig can be reduced to that characteristic of lean meat (ca 1%) by washing with water (Swingler

Lays
a\-lt‘le, 1977)

The ;
factg teXture and mechanical properties of fibres spun from blood plasma proteins depends on a number of
s,

Much reduced shear readings are obtained with high rates of extrusion of the protein dope from the

Plingy,
et .
th S into the coagulating bath; and shear values are also lowered by high rates of fibre removal on
N

S04, ¢ +
: St Wheel g (Young & Lawrie, 1975a). The composition of the coagulating bath also affects fibre texture

P g
29 prog ; ; ; % Lawrie, 1974). Again, the relative
Cop, 4 ®foduces a much coarser fibre than M acetic acid (Young & Lawrie, . ’
Cen
Sty
Stions of acid and salt are important. Thus, 5% of NaCl and 5% of acetic acid are the minimum

che
Nt
3tions simultaneously required for fibre formation from a dope of blood plasma proteins. On the other

q
W :
% of NaCl, 10% of acetic acid is required (Swingler & Lawrie, 1977) .
o en Using blood plasma proteins alone, it is relatively easy to produce fibres of satisfactory texture.
Se
Drepared uch as lung, stomach and

» in a similar fashion, from the proteins extracted from other offal s

1975b). By adding a

POrss .
Hons of the digestive tract, however, tend to be brittle (Young & Lawrie,
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S g S
proportion of blood plasma proteins to these from the other sources before spinning, mixed protein £ibre

of satisfactory texture can be prepared (Young & Lawrie, 1975b : Swingler & Lawrie, 1978).

Fibres produced from the proteins of blood plasma or from those of stomach and rumen, are usually
white in appearance. The incorporation of protein extracted from lung darkens the fibres in propoftion
the amount added. This feature is beneficial in simulating meat colour, since the pigmentation thus

incorporated is not readily removed (e.g. in subsequent cooking operations.

3

ey n
Whilst the incorporation of a relatively small proportion of blood plasma proteins enhances the S

. Fipres
characteristics of fibres spun from other offal proteins, the latter also confer benefits in mixed £ibr

e
since their content of essential amino acids complements those of blood plasma proteins which tend to =

relatively low in isoleucine and methionine (cf. Table 1 : Swingler & Lawrie 1978). Rat feeding trial®
confirm the chemical titres (Swingler, Neale & Lawrie, 1978). Indeed, there is some evidence that the

sud’
biological value of fibres is rather greater than that of the proteins from which they are prepared. :
def
; cIv
is especially so in respect of fibres prepared from rumen protein - possibly because fibre formation 4

proteins in the original material which inhibit digestive enzymes).

igh
A major problem which delays improved utilization of the proteins from meat by-products is the hid
level of microorganisms associated with the raw materials, and particularly with sources such as rumen

eby
reticulum and other digestive tract material. From Table 2 it will be evident that the processes whex

t
proteins are spun, markedly reduce the number of psychrophils, mesophils and thermophils originally presen
(Swingler, Nayler & Lawrie, 1978). This is perhaps not altogether surprising in view of the acid and
alkaline pH values, and the high salt concentrations, to which the proteins are exposed. Storage for 2
months at oc produced no evidence for an increase in microbial numbers in any of the three categoriey
and, indeed, the spun protein-fibres - which have low pH - have been stored for 12 months at room
temperature, and for 3 years at OOC, without showing any gross deteriorative changes.

It remains possible that the spinning process, although associated with a vast reduction in microbi
numbers (to the point of virtual sterility in the resultant fibres), could concentrate toxic proteins Whi&
had been formed by pathogens in the raw materials at an earlier stage; and which might well survive o
preparative procedures. The rat feeding trials have shown no evidence for this; but the possibility
requires further study - although blood plasma proteins, in contrast to those from other offal, are€ mac?
less likely to be microbially contaminated initially.

We are currently investigating the functional properties of individual proteins, and groups of
isolated from blood plasma; but since their intended use is not as fibres to simulate meat, this work
not be discussed here.

Conclusion

Much exploratory and developmental work is still required to identify the optimum procedures for

er”
producing organoleptically attractive products. Extrusion techniques including high pressure/high te

: ant
ature treatment of the proteins would probably be cheaper than those involving spinning; but ther€ wie

ade
well be other disadvantages to offset this. Whichever approach is adopted, however, the need to upg”

currently wasted abattoir protein can scarcely be questioned.
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Tagy,
\“Eil: ESSENTIAL AMINO ACIDS COMPOSITION OF PROTEIN FIBRES SPUN FROM BLOOD PLASMA PROTEINS MIXED IN
VARYING PROPORTIONS WITH THOSE EXTRACTED FROM LUNG OR RUMEN.

% (Calculated)
) of pPoSition Met. Phe/
°tein Dope. Arg. Hist. Isoleu Lys. Leu. (& Cyst.) Tyr. Thr. Try. Val.
Egsmﬁilﬂala
100
- 6.4, . 2.B 8.6 11.2 11020 252 IR e LA
18 0 10 L 3.8 10.9 D e OS2 e ST A TRORE s
50 30 6.9 2.6 4.1 10.4 1.1 2:4 Deplt TEeT B 0 g2 B0
) 30 Teg N5 4.5 9.8 1450. 2.5 OEdat el i Ao
] i TS 2.3 4.8 9.2 10.9 2.6 9.0 5.8 2.6 5.3
20 TiE oo 5.1 8.7 foioles 7 8.6 5.8 «2.8° 4.9
100 S oL E.5 8.4 ToRAAT G o 8.5 TR S
)
%
90
Ly 10 s o BT 3.8 10.9 10.9 2.3 I L - SR
i 50 30 6.7, 2.5 4.1 10.4 10440 25 gi6. . 6.5 ' d.8 5.7
gy 0 8.9, 23 4.4 9.8 9.9 2.6 9.0 6.0 - 'A% B0
138 0 7.1 2.1 4.7 9.3 9.3 2.8 8.5 A W R
. 0 T8l R 1,0 5.0 8.8 8.8 2.9 8.0 5,07 1.6, 3.8
200 TaAt . SieR 5.2 8.5 aiE Mean 747 e el e
P A0 /WHQ
€y
"Mendeq Score 4.0 5.5 7.0 325 6.0 4.0 10 5.0

ot

Tab ; 2
~2le 2, Counts/qgm of Raw Materials and Spun Protein Fibres

of organism and incubation temperature

Types
EQEES o A o : (55°
| R Psychrophils (7°C) Mesophils (30 C) Thermophils (55 C)
W
5 %
d P
£ (60) 1.7 x 10° (40)
L 2 4
i 6 x 10° o7 x 10 (10)
- 10* 4x10° 4.3 x 10°
S
& p
I s
W
Pla 5
%! $s (30) 345113 10 (10)
j bk
i % (10) (60) (10)
| Rinen (40) (10)

(20)
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