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Texture and consistency /bite/ of vegetable protein products are critical to consumer
acceptance, if these products are to simulate existing meat foods. To enable manufacture
of 80y meat analogs, closely resembling pieces of cooked meat, a new modyfied extrusion-
Cooking process has been developed. The difference in the new method, as compared with
the Previous ones, is in the use of a special tempered head extending the barrel of an
®xtruder, The conditions existing 1in this head make possible carrying out two
Consecutive processes: the first one consisting in expansion of the flowing protein
Mass, with formation of many bubbles, and the second one, where the bubbles undergo
Compregsion and the forming layered mass becomes more fibrous under action of the
1°ngitudal shearing forces. The defatted soy flour has been used as the main raw
Baterjaj ; addition of blood plasma or casein, up to 20% on the protein basis, is not
°nly poggible hut alss desirable in many cases, because of imparting to the product
better preperties /e.g.consistency, color/,
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*iﬂﬁlgg_ﬁper einen neuen Extrusion-Kochprocess fur die Herstelung von Fleischanalogen
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Auss"heH, Struktur und Konsistenz /beim Kauen/ der eiflweisshaltigen Lebensmittel
Dtlanz110her Herkunft haben entscheidende Bedeutung fﬂr die Annahme von dem Konsument,
"enn diese Produkte ablioho Fleischprodukte ersetzen sollen. Um die Berstel}ung der
laiachanalogen aus Sojabohmen zu ermgglichen, und zwar solcher, die den Stucken von
Eokochten Fleisch #hnlich sind, eine neue, modifizierte Extrusion-methode entwickelt
'urd°- Der Unterschied zwischen dieser Methode and bisherigen beruht auf der Verwendung
gy @inem speziellen, temperierten Kopf, der als eine Verlgngerung der Extruderrohre

n
mont1°rt wird. Die Bedingungen herrschende in diesem Kopf erlauben Durchfuhrung von

zwei' hacheinander verlaufenden Prozessen: denkrsten, bestehenden, aus der Expansion

3 Tliessenden Proteimasse mit Entstehung von zahklreichen Blasen, und den zweiten,

0 "

ta die Blasen zusammen-gedruckt werden, und wo die entsgehende geschichtete Mﬁsse eine
8°r180 Struktur unter der Wirkung von axialen Scherkraften bekommt. Das entolte

o¥a s n Blutplasma

b°hllenmeh1 wurde als wichtigster Rohstoff werwendet; die Zugabe vg : P
: Kaz°1n. bis zu 20%, auf Einweissgehalt gerechnet, ist nicht nur moglich Sondern
e ®rforderlich in manchen Fgllen, well sie Eigenschaften des Produktes verbessern

T,
B, Konzistens, Farbe/.
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La recherche sur un procede nouveau d exbtrusion de protelnes vegetales

pour 1 obtientiiol
d anatogues de la viande.
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Institut des Imdustries de la Viande et aes Corps uras, VWsrszawa, Pologne

Les paramébtres de la congistance et de la sbtructure jouenl un role bre% lmportant dansé
1'appreﬁiation du substitut de la viande par les consommalivurs. On a davelppé un proc®”
de nouveau d’extrusion-chauftfage,pour 1°obtuntion d’un anaiogue de 1a vianae bouiliie
de boeuf,a partir de proteine de soja.

La mothode est basde sur i appilcation d‘un finisseur avec une temperature programmee

a L'appureil d extrusions Un y trouve deux phénonénaa comsecutifat

- l'exﬁansion de la piasma proteique ilguide avec la formation de nombreux baiiovns guseW
- la compression et L allongement de la structure fibreuse des proteines.

Comme matierec premiére on a utilisd la rarine de soja depelliculse et desnullée; on &
trouvé que 1%addition as plusma a partir de sang solt de caseine au niveau de 20%, esb
meme desirable cans certains cas pour amsliorer la consistance et la couleur du pruﬂuib’

‘[.ri}“{l{‘)l!"(! HOBROI'C Tmpolecca T(,‘D‘i’ﬁ‘{%",lfm‘\. AKCTpY3!'1 AN MOLYUEH!H AHANOPICB Miica
PACTHTENHHOI0 NMDOUCXOMALHIIA,

asuuex JAHOBCKN, Ayrycrin HK/BOBCLH, fnex HTANMHBCKM
MncruTyT Mscnoit n Xuposoil Mpouwunennoctn, Bapwama, MHP.

Buewnuit ByZ,CTPYKTYPa I IKoMCUcTeimnnns (MpH KeBAUMN) PACTHTENBHNX,GANKOBUX NpoayiTos AANT”
CH UDPEe3MEDPHO BARHHMI JUIH MOTPAGUTENBCKOIO ONOODEINH ,&CAY HTH MPOAYKTH AOCKTHH XOpomo MOA~
ICNHBATBECH MO7 CYMSeCTBybuYyl MsacHyl mumy, YToGu cO37ATH BO3MORIOGTH MPOM3ROACTBA cORBHX
AHATOIOB MHCA,0UBHD HAMOMUHABIGIX IYCK' RAPEHOTO M#cA,GHI paspacoTan ioswli,moxuduurposal~
HUit MeTon TepuuuecKolt 3KcTpyaun. [0 cpaBHeHVH C CYMECTBYWINMT,ATOT HOBHE METOZ ornuiagT”
Cfl CNELMANBHON , TEMMEPUPOBAHHON POMOBKON HPUCOCAMIEHHON K BHXOTHOMY OTBeDCTBNN BKCTPY=
3UOHHON Maumuii, ¥CHOBUA CyuwecTByniiie B 3T0H rONOBKS CO3A2NT BOINOKIGCTL MPOBLAGHUA BONE
MOCNeZOBATENBIO0 HACTYNANNIX NMDPONECCOB: MOPROND,COCTOHICTO B DECMANSUN Tekyueil oenxeod
MACCH C OOPAR0OBAHNEM MMOTOUNCHEHIIX IY3HPIOB, U BTOPOI0,I78 My3UpEA monsepranTcs caasni”
BAHUKN M 00PA3YOHANCA CAOUCTAA MACCA CTANOBNHTCH O0IEe BOMOKHHMCTCIH MOM BIIIAHIEM OCEeBHX
peryuux cmn, UG83XUpeHHAT COEBAA MYKA %@0Ti¥ﬁﬂﬂﬂ70b KaKk raaruuil nexonuuif marTepuang A0~
0aBKa MAA3MH KPOBUM unM Kasenna, paxe 207 cunTas mo cofepzanip Oenra,ApraseTcs He TOMBKO
BO3MOXNNI, HO U MONE3HOI BO MHOI'NX CAYUAAX, MOTOMY UTO OOYCNORIIRAST OHA YNYUleHHHE
c3oilcTna MponyKTAa (HANDHMED: KOHCHETLNINN,UBET), s,
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Introduction

EJttrusion-cooklng, as applied to the manufacture of edible protein products, is defined
88 the process by which moistened proteinaceous material is plasticized in a tuhe
equipped with rotating compressing screw, by a combination of moisture, pressure, heat,
8ngq mechanical shear, and extruded by the same screw through an orifice at the end of
the tube. The material in the tube exists in semifluid, plastic state, and his temperature
®Xceeds this one of boiling water /usually above 120°C/. When the extruded material
leaving orifice enters atmosphere, the dissolved water boils and many steam bubbles are
Ormed in the solidifying mass. If the simple circular, short orifice is used, the product
Ohtﬂined consists of long, puffed strands, which can be cut into pieces. After hydration
th°Se pieces become spongy, soft and don’t resemble meat pieces. Many attempts has been
Tage to improve the texture and consistency of the product and give better vesemblance
o Meat to 1t. The first satisfactory results were obtained independently by two American
firmG: Griffith Laboratories and Wenger Manufacturing . The first firm used a special
“Dpereq die, shaped as a piece of cooled pipe extending the tube of an extruder,
981 t10nea after the outlet orifice and having somewhat bigger inner cross-section area
A0 the orifice. The steam bubbles in plasticized mass emerging from the orifice can
exDaﬂd mainly in the axial, longitudal direction because of the confining walls of the pipe.
Thi' controlled bubble expansion stretches the cooling mass imparting to it fibrous,
&¥ereq structure. The product has been named GSVP /Griffith's Structured Vegetable
rote1n/. The second firm uses simply double extrusion. The first extruder equipped
"th ordinary outlet orifice produces puffed, not wholly solidified product, which
" 1""ﬂediately fed to the second extruder compressing the bubbles and stretching the
Tmeq layers into fibers. This way of manufacture enables to achieve the best resemlance
Meat, pieces, as yet. Wenger s product, advertised as a meat analog, bas been named
Unl"l'ex,
he ldea of our invention lies in carrying out the second extrusion without use of the
*econg extruder, which has been replaced by a head of special’ conatruction.

A
‘Eﬂératu
T 8 _and method

2 8Pparatus used in our method consisted of a conventional extruder with the outlet
oriti°°>replnced by a special tempered head. The extruder was the pilot-plant one with
‘e 8verage output 25 kg/h and volume compression 1:2,5 /Lalesse Univerceel/. The head-
‘.g‘nt‘a‘h an circular orifice leading from the extruder tube into a tempered, longitudal
Qhamber of specific shape and dimensions, covered from inside with a friction diminishing
la‘ti° and having eventually additional outlet orifice bigger than the first one and
!peclticﬁlly shaped. The conditions existing in this head made possible carrying out two

a°°“t1Ve processes: the first one consisting in expansion of the flowing protein mass,

r°rmat10n of the many bubbles, and the second one, where the bubbles undergo

oomprGBBIOn and the forming layered mass becomes more fibrous under action of the

lo
%21 tuaa; shearing forces.

3 derated 8oy flour or grit with PDI = 15 + 85 has been used as the main raw material;
1t10n of blood plasma or casein, up to 20% on the protein basis, is not only possible,
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hut also desirable in mamy cases, bacause of imparting to the product better propertie®
/e.g.consistency, coler/. The mixture of raw materials was kneaded with the suitable
quantity of water. The last stage of kneading was accompanied by letting 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_106\
II-nd 130—1750, screw rotation: 50-100 rpm. The conditions within the head itself were

determined by the head construction and temperature of the tempering water.

Results

The obtained product is very similar to th> double extruded “enger‘s Uni-Tex., This
similarity can be regarded as the hest 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 plasmé:
The water absorbtion is comparatively low, due to the small puffing and dense structur®’
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 @/ 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
gtructure helps to obtain good, chewy consistency, similar to thia of cooked meat.

Fig 1 shows the consistency curves obtained with use of some kind of Kramer sheariné
press. It 1s easy tobee the striking aimilarity between our products and the cooked
meat, from this, very essential, point of view, The addition of blood plasma help® i
improve consistency. As compared with foreign products, our products resemble the cf"’l(ed
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 products
are to be used in significant percentage. The sensory score of our products and Uﬂt"Tcx
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 enmﬂes
to remove most of the undesirable flavor and taste /table 1/.

Conclusions

e
The application of the special tempered head attached to an extruder made possible th
manufacture a vegetable protein product simulating pleces of cooked meat. Because of

its simplicity the new method can compete with Wenaeré double extrusion giving 531“‘113r

product,
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Table 1
| Sample
Jtem B s i
No 1 No 2 [Wenger's|Griffith's
Uni-Tex | GSVP
2 i e ﬁ?&ﬁ"“ defatted
s, SROBHEE: R SOu ?‘log'sl""?“d S0y I-lo vr
Jlogs fpvc)ﬂ:l?w
basis)
; = 2L,
Water absorbtion Sz d;al 4,17 1,15 1,02 1,17
(WQW—V mass absorbcd) ; - -
m v m ntri-
ass of dry sample 90 zf.qzéi 0‘94 o077 0,78
Amount of pulling
(VOldS as part o} total volumq,) 0v25 0|1Z 0.26 O.bg
cutting through|
Canil e ?3259'1 ot (170 (192 | 165 | 183
51 e hie Y dejormation at
the lEQdJ of 5k6 | 418 | 405 | 240 | 50
Zs
taste 1,5 1,5(4.0) 2,0 40
Sensory
b L jtavor 1220 Mb@ash 2001 4.0
intesity of
color 5,0 5,0 (2,0) 4]0 1,0
Sensory score : Tcmlz,Utovov and color values of

toasted soy gril determined as 3

The values qiven in brakets

pertan to the sample after hot

water exiraction






