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Texture and consistency /bite/ of vegetable protein products are critical to consumer 
cceptance, if these products are to simulate existing meat foods. To enable manufacture 
soy meat analogs, closely resembling pieces of cooked meat, a new modyfiod extrusion- 

noking process has been developed. The difference in the new method, as compared with 
6 prevlous oneB, is in the use of a special tempered head extending the barrel of an 

^xtruder. The conditions existing in this head make possible carrying out two 
J>nsecutive processes: the first one consisting in expansion of the flowing protein 
^ass, with formation of many bubbles, and the second one, where the bubbles undergo 
Compression and the forming layered mass becomes more fibrous under notion of the 
^ongitudal shearing forces. The defatted soy flour has been used as the main raw 
^aterial: addition of blood plasma or casein, up to 20* on the protein basis, is not 
“H y  possible but also desirable in many cases, because of Imparting to the product 
otter properties /e.g.consistency, color/.
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as8ehen, Struktur und Konsistenz /beim Kauen/ der elyfweisshaltigen Lebensmittel
°®Ucher Herkunft haben entscheidende Bedeutung für die Annahme von dem Konsument, 
diese Produkte übliche Fleischprodukte ersetzen sollen. Um die Herstellung der 

otschanalc

*hrä<

Logen aus Sojabohnen zu ermöglichen, und zwar solcher, die den Stucken von 
Fleisch fihnllch sind, eine neue, modifizierte Extrusion-methode entwickelt

®. Der Unterschied zwischen dieser Methode and bisherigen beruht auf der Verwendung“OH ; Itine® speziellen, temperierten Kopf, der als eine Verlängerung der Extruderrohre 
i*rt wird. Die Bedingungen herrschende in diesem Kopf erlauben Durchführung von 

de ' naclle^nander verlaufenden Prozessen: denjersten, bestehenden, aus der Expansion 
Giessenden Proteimasse mit Entstehung von zahlreichen Blasen, und den zweiten,wQ A j ||18 Blasen zusammen-gedruokt werden, und wo die entstehende geschichtete Masse eineta,

So
«erige Struktur unter der Wirkung von axialen Scherkräften bekommt. Das entölte

^ a*>ohnenmehl wurde als wichtigster Rohstoff werwendot; die Zugabe von Blutplasma 
ä Kazein, bis zu 20*, auf Einweissgehalt gerechnet, ist nicht nur möglich Bondern 

/* *ri°rderlich in manchen Fallen, weil sie Eigenschaften des Produktes verbessern 
‘®* Konzistenz, Farbe/.



La recherche sur un procédé nouveau d'extrusion ae prutelnes vegetaies pour l 'phtuntlafi 
d'analogues do 1» viande.
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Les paramètres de la consistance ot de la structure jouant un rôle très important dans  ̂
l'appréciation du substitut de la viande par les consommateurs. On a devetype' un proc®" 
dé nouveau d'extrusion-chauffage,pour l'obtention d'un analogue de ia vianae bouillis 
de boeuf,à partir de proteine de soja.
La méthode est base'e sur x*application d'un finisseur avec uno température programmée 
à l'appareil d'extrusion. Un y trouve deux phénomènes consecutifs!
- l'expansion de la plasma proteique liquide avec la formation de nombreux baiiuns e«seUÎ
- la compression et l'allongement de la etruoture fibreuse aes proteines.
Gomme matière première on a utilisé la rarine de soja depeilioulee et deshullee, on a 
trouve' que i'addition de plasma à partir do sang eoib de caseino au niveau de ¿0%, est 
même de'sirable cens certains cas pour ame'liorer la consistance et ia couleur du produit*

Hayneiine nosoro nponecca TepruurecHoK aKCTpyarK ssn nosygeinin anasoroB mica 
p:\GT];Te.riTdforo npoHoxogseiurn.
K ään n e* flAHOBCKH, A y ry c t u H  HK/BOBCKM, fîijeK  ¡.rAîTHLCKH 

M ucTiiTyT Mac h oit h In po B O fi ÎIpotiHum eHiiocTH, Bapiuaua, IÎH P.

Bneuimifl B«a,cTpyKTypa n KOHCHCTemi.rn (npn leBaumi) pacTHTsxBHUx,6e.iittoBMx nposyrcTOB hba®*" 
en qpesHopHo BaxHttun ssn noTpeöiiTejitcKoro oso6pennn,ecaH btb npoayKTu aoasiui xopomo noJ" 
sejiuBaTi.cn nos cymecTsynmyio iwcHy» nr.nty. Btoôu ccraaaTt bobmokhootb nporranoscTBa' coobkx 
ananoroB sorea, oqeHb HanoriKHanninc icyctc*! Bapenoro une a, 6m paapaôoTan hobm8 ,Moa!r$nmipoB3f£ 
hhü «etoa TepuanecKoît 3KCTpy3HH. Ho cpaBHenmr c cynecTaynmuMv,3T0T hobuB Meioa OTaanae*' 
en cnemia.7iBH0B,TeMnepnp0BaHH0i'i posobkoB npiieoesaneHnov! k BtixosHouy oTBepoTstm SKOTpy- 
3I10HH0Ü MailIHHM. YcSOBHn CyieCTByiOBUie B 3T0Ü rOJlOBKS COSSaiOT B03I!0*H0CTB npOBeaeHnn XBO «*- 
nocseaoB3Te.Bi.iio nacTynaronuix npoueccoB: nopnoro,cocTonmero b SKcnanonn Tenyaeti ÖcskoboB 
Maccu o oöpaaoBanneM MHoroqticseiinux nyaupitoB, n BToporo,rss nyaupicx nosBepraroTcn caaBSü' 
Bamiio n oôpaayjomancfl csoncTan uacca ctîijtobhtob Öojree bo»okhkctoö'nos ssii rameur ocbbhx 
pexyipx eus. 0ö83*HpeHHan eoesan wyita ynoïpedxnxacB khk raaBHHÎ! îicxoshuî) MaTepuas; s°" 
oaBKa lumsuH icpoBii asu iras entra, fla*e 20% cuaTan no cosepsanmo o'ssKa.HBSneTon ne tosbko 
BOSMOKiioit , no h nose3HoS bo mhoi’hx csyianx, noTony <iio odyosoBsnBaeT pua ysynineHHHe OBO’jcTBa nposyrna (naiipnMep: Ko:ioncTenumo,nBeT).
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ifitroduotl on

^trusion-cooklng, as applied to the manufacture of edible protein products, is defined 
he process by which moistened proteinaceous material is plasticized in a tuhe 
pped with rotating compressing screw, by a combination of moisture, pressure, heat 
mechanical shear, and extruded by the same screw through an orifice at the end of 

®*c ! l The material in the tube e*ists 1« semifluid, plastic state, and his temperature 
lea °n<! °f b0lling water /usuaH y  above 120°C/. When the extruded material

ving orifice enters atmosphere, the dissolved water boils and many steam bubbles are 
q <»ed in the solidifying mass. If the simple circular, short orifice is used, the product 

ained consists of long, puffed strands, which can be cut into pieces. After hydration 
se pieces become spongy, soft and don't resemble meat pieces. Many attempts has been 

0i 6 t0 lmprove the texture and consistency of the product and give better resemblance 
r^meat to it. The first satisfactory results were obtained independently by two American 
ten,111511 Grlfflth laboratories and Wenger Manufacturing . The first firm used a special 
PosPere<1 dl6’ Shaped as a piece oi cooled pipe extending the tube of an extruder, 
tl»anti0ned aft6r th® °Utlet orifice and having somewhat bigger inner cross-section area 
e* the orifice. The steam bubbles in plasticized mass emerging from the orifice can 
^Pand mainly in the axial, longitudal direction because of the confining walls of the pipe, 
la * 00ntr°lled bubble expansion stretches the cooling mass imparting to it fibrous, 
pryered "tructuro. The product has been named GSVP /Griffith's Structured Vegetable 
»itheln/’ The SeC°nd flrm Uses 8imply double extrusion. The first extruder equipped 
ts ordinary outlet orifice produces puffed, not wholly solidified product, which 
t Immediately fed to the second extruder compressing the bubbles and stretching the 
^r«iea layers into fibers. This way of manufacture enables to achieve the best resemlance
bhi°,eat p ieo ea > as ye t - Wenger's product, advertised  as a meat analog, has been named 

'lex.
Idea o f our invention  l i e s  in  carrying out the second extrusion  without use of the 

°nd extruder, which has been replaced by a head of sp ecia l construction .
The

and method
aPparatU8 used in  our method con sisted  of a conventional extruder with the o u tle twuo uocu miax muiuuu tuiiaialeu ox a conveiibionai exiruaer Tfitn tne outlet
06 replaced by a special tempered head. The extruder was the pilot-plant one with

average output 25 leg/h and volume compression 1:2,5 /Lalesse Univercoel/. The head
an c^rcu^ar orifice leading from the extruder tube into a tempered, longitudal

°f specific shape and dimensions, covered from inside with a friction diminishing 
8pe 1° mid having eventually additional outlet orifice bigger than the first one and 
Con I**cally shaped. The conditions existing in this head made possible carrying out two 

processes: the first one consisting in expansion of the flowing protein mass, 
c°mp *0rmatf°n °f the ®any bubbles, and the second one, where the bubbles undergo
I0 ®* 06 * 8 * 0®lon and the forming layered mass becomes more fibrous under action of the 

Itu<lai shearing forces.
afl^dafated soy flour or grit with PDI = 1 5  + 85 has been used as the main raw material; 

°n of blood plasma or casein, up to 20$ on the protein basis, is not only possible,
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but also desirable In mamy cases, baoause of Imparting to the product better properties 
/e.g.consistency, color/. The mixture of raw materials was Icneaded with the suitable 
quantity of water. The last stage of kneading was accompanied by lotting the direct 
steam Into mixer. The total amount of added water didn't exceed 40% by wt. The best 
conditions for the extrusion were: temperature of the extruder tube: I-st zone 95-100°. 
Il-nd 130-175°, screw rotation: 50-100 rpra. The conditions within the hoad itself wore 
determined by the head construction and temperature of the tempering water.

Results
The obtained product is very similar to thj double extruded Wenger's Uni-Tex. This 
similarity can be regarded as the best proof, that the process caried out In the head 
doesn t differ much from the second extrusion. The texture and structure are in both 
cases almost the same and after hydration bear close resemblance to the cooked meat 
pieces. Table 1 gives the main features of two our products as compared with mentioned 
foreign products /GSVP and Uni-Tex/. The second our product contains 20% blood plasm0- 
The water absorbtion is comparatively low, due to the small puffing and dense structure- 
The difference between the amount of water held by the soaked product after draining 
away the water and the amount of water held by the same soaked product after 
centrifuging /1000 0/ away the water, gives the amount of puffing as % volume. With 
possible exception of GSVP, all the products show very low amount of puffing. Dense 
structure helps to obtain good, chewy consistency, similar to this of cooked meat.
Fig 1 shows the consistency curves obtained with use of some kind of Kramer shearing 
press. It is easy tojsee the striking similarity between our products and the cooked 
meat, from this, very essential, point of view. The addition of blood plasma helps t0 
improve consistency. As compared with foreign products, our products resemble the coo|cP 
meat much more; GSVP is too soft and Uni-Tex too brittle. Flavor and taste of the 
vegetable protein products are often critical to consumer acceptance, if these product6. ipe#are to be used in significant percentage. The sensory score of our products and Uni 
is similar, but not very high; the specific soybean flavor can be easily detected. 
However we have found, that hot extraction with water or suitable water solution en0tlle' 
to remove most of the undesirable flavor and taste /table 1/.

Conclusions i h£The application of the special tempered head attached to an extruder made possible 1 
manufacture a vegetable protein product simulating pieces of cooked meat. Because of 
its simplicity the new method can compete with Wengers double extrusion giving sin'f1^  
product.

1 2 . 6
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Fiq 1
Consistency o( extruded meat 
analogs and cooked meat.

liĉ O H 'i.d
soq floor

Raw material used
sample No 1 ^
Wenqer's Uni-Te*
GnU>tH& &5VP
sample No 2 —&0" defatted soq flour 20% blood plasma

(&u wt onpio'ein basis)

cooked meat
(pa.k shoulder, beef sirloin, beef rump, lean beet)

^0 40 30 TO fO O deformation1%90 80 70
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Table 1

3  t  c m
S a m p l e

No 1 No 2 Wenger's 
Unt -Tex

Griffith's
GSVP

C a w  m a t e r i a l  used
d e fa
lied
SOy
fJour

80%. soy flour 
2 0 % blood pi a s  mo (pio icin  b a s is )

d e f a t t e d
s o y  f l o  u  r

W ater a b s o i b t i o n  c*T̂ ‘ncc/  °H 1,17 1,15 1,02 1,17

(m ass of dry sam p le  )  d ^ c e n tn
0,94 1,05 0,77 0,78

A m o u n t  of. p u | | i n q  
( v o i d s  a s  p a r t  of to ta l  volum e) 0,25 0,12 0,25 0,59

c u t t i n q  th ro u g h
th e  sam ple  a t  C o n s t -  [k o ] 17,0 19,2 16,5 18,5

s  t  e  n  c  cj d e f o r m a t io n  a t  
th e  l o a d  of 5kG

O - J
41,8 4Q5 M,0 55,0

t a s t e
S e n s O T i i

1,5 1,5 (40) 2,0 1.0

S c o t « . a s f l a v o ri n t e s i t L j  of. 2.0 1,5 (o,5) 2,0 1,0

c o l o r 5,0 3,0 (2,o) 4 ,0 1,0

S e n s o r y  s c o re s  Taste , flavo r a n d  coIot v a lu e s  of 
to a s te d  soy q r il  d e te rm in e d  a s  3 
The v a lu e s  qirc,n in b ra k e ts  
p e r ta in  to the sam p le  a f te r  h o t 
w a te r e x tra c tio n .




