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fUnctVentional Pro^e:*-ns are incorporated into food products mainly to improve the 
l0tl^l properties. However, changes in such properties as emulsion capacity

Vater and fat holding capacity also affect texture/consistency of the food.
Dete

lnation of texture/consistency in patties containing different types and amounts

in
conventional proteins was performed by instrumental and sensory analyses.

the'dth lristrumental analyses an Instron Universal Material Testing Machine equipped 
ro^at shear cell was used.
* ̂ elasticity, chewiness, and juiciness of the patties were ratio estimated by

Sc°i'ecjra^0:r̂  panel and hardness, chewiness, juiciness, and overall consistency were 
a bY a "consumer" panel of 15 persons.

infloUr^struraental analyses showed that addition of Texgran 10.000 (an extruded soy

:r >
Dromine-D (soy isolate), rapeseed protein concentrate, and sodium caseinate 

- Dj in decreases in force and work values registered. At an increasing addition 
«ltte„ro ^ 70 (an extruded mixture of soy flour and soy isolate) the corresponding 

“ f i r s
^ the same trends.

i’irst increased and then decreased. Results from sensory properties showed

fegr6gnStrumental and sensory variables were related to each other with multiple linear
aPl
he p into three levels of measurements. At the bottom laid physical properties of 
’'■‘■es ^ les which reflected certain sensory texture/consistency properties. These pro 

their turn built up the concept of overall consistency.

l0n analysis, it was shown that the concept of overall consistency could be

proper-
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EINFLUSS UNKONVENTIONELLEN PROTEINEN AUF TBXTUR/KONSISTENZ VON HAMBURGERN

YNGVE ANDERSSON
SIK - Schwedisches Lebensmittelinstitut, Göteborg, Schweden

Unkonventionelle Proteine werden Lebensmitteln hauptsächlich zur Verbesserung der funk
tioneilen Eigenschaften zugesetzt. Veränderungen z.B. der Emulsionsfähigkeit und der 
Wasser- und Fettbindung wirken auch auf die Textur und Konsistenz der Lebensmittel ein*

Textur und Konsistenz von Hamburgern mit verschiedenen Quantitäten von verschiedenen 
Typen von unkonventionellen Proteinen wurden instrumenteil und sensorisch bestimmt.

Zu den instrumenteilen Analysen wurde eine Instron Universal Materialprüfungsmaschine, 
mit einer "meat shear" Zelle ausgerüstet, verwendet.

Hartheit, Elastizität, "Chewiness" und Saftigkeit wurden in Paarvergleichen von einem 
Laboratorienpanel beurteilt. Ausserdem wurden Hartheit, "Chewiness", Saftigkeit und 
totale Konsistenz von einem "Konsumentenpanel", bestehend aus 15 Personen gemäss linearer 
Skala bewertet.

Die instrumenteilen Analysen zeigten bei Zusatz von Ttexgran10.000 (ein extrudiertes Soja' 
Mehl), Promine-D (Sojaisolat), Rapsproteinkoncentrat und Natriumkaseinat eine Abnahme de** 
registrierten Kraft- und Arbeitswerte. Bei steigendem Zusatz von Dipro F 70 (eine 
extrudierte Mischung von Sojamehl und Sojaisolat) nahmen die Werte zuerst zu und dann ah* 
Die Resultate der sensorischen Analysen zeigten im grossen und ganzen dieselbe Tendenz*

Bei einem Vergleich der instrumenteilen und die sensorischen Variabein mittels "multipel. 
linear regression" Analyse ergab sich, dass der Eindruck der "totalen Konsistenz" in drei 
Stufen gespaltet werden kann. Zugrunde lagen die physikalischen Eigenschaften von den 
Hamburgern, die spezielle sensorische Textur- und Konsistenzeigenschaften Wiedergaben. 
Diese Eigenschaften bauen ihrerseits den Eindruck "totale Konsistenz" auf.

B/1HHHHE OCDBblX 5EJJH0B HA TEHCTYPY/H0HCHCTEHL|HH1 ’’ I~1ATTH" 
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AHa/lM3bl BblflOAHRAMCb^ C nOMOLMbK) yH H B epC a/ lbH O H  MaiUMHbl K h CTPOH flJlR MCFlblTaHMH n a T e p H a /1 0 0  , 
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TpeM ypOBHHM MSMepeHMM. llOAOmeHHbie B OCHOBy (t)M3 MHeCHMe CBOMCTBa "n a T T H  
eAeHHbie CBOMCTBa TeHCTypb i /H OH C M CTeH pM M , fleMCTByioiMMG Ha o p ra H b i  h y 0 c t  b • 

s c b oio O H e p e f lb ,  co3 f la iQ T a o h r t h b  od m ef i  h o h c m c t b h l i m m .
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ODUCTION1NTr,

T^e
h, .Use o f  u n c o n v e n t io n a l  p r o t e i n  p ro d u c ts .
ari^ln g th e  l a s t  d eca de  become more and more common. T h is  i s  p a r t l y  due t o  th e  f a c t  th a t  
a c t i o n  o f  such p r o t e i n s  t o  f o o d  p ro d u c ts  w i l l  p o s e t i v e l y  i n f l u e n c e  th e  n u t r i t i o n a l  and 

°nomic a y f a c t o r s  (O h ls o n ,  1970 ) .  F u r th e rm o r e ,  f u n c t i o n a l  p r o p e r t i e s  o f  th e  p ro d u c ts  
ti 1 be a f f e c t e d  ( W o l f  and Cowan, 1971 )-  I t  can , h o w eve r ,  be assumed th a t  i f  such fu n e 
r a l  p r o p e r t i e s  as e . g . ,  w a t e r  a b s o r p t i o n  c a p a c i t y ,  f a t  a b s o r p t i o n  c a p a c i t y ,  and emul- 
l f V in g  p r o p e r t i e s  a r e  changed , a l s o  t e x t u r e / c o n s i s t e n c y  in  th e  f o o d  w i l l  be i n f l u e n c e d .

Mo
th°dUcts ' d e a l  w i t h  n u t r i t i o n a l " p r o p e r t i e s  and“ d e t e r m in a t i o n s  o f  such p a r a m e te r s  as c o l o u r  
s p r e e s  and f a t  and w a t e r  l o s s e s  d u r in g  f r y i n g .  O n ly  a l i t t l e  number o f  a r t i c l e s  ta k e  

c t f i c  t e x t u r e / c o n s i s t e n c y  p r o p e r t i e s  i n t o  a c c o u n t .

c o n t a in in g  2j> s oy  b i t s  were  s i g n i f i c -

n a in ly  d i f f e r e n t  t y p e s  o f  s o y  p r o t e i n s ,  has

° st a r t i c l e s  i n  th e  f o o d  l i t e r a t u r e  r e g a r d i n g  u n c o n v e n t io n a l  p r o t e i n s  in  m inced  meat

 ̂ Huffman and P o w e l l  (1 9 7 0 )  c o n c lu d e d  th a t  p a t t i '

2)

3)

an t i y more t e n d e r  than p a t t i e s  w i th o u t  s o y  b i t s .
^ i z e  ( 1 9 7 2 ) i n v e s t i g a t e d  th e  p r e f e r e n c e  o f  p a t t i e s  by u s in g  a consumer p a n e l .  She 
l°und th a t  th e  " g e n e r a l  l i k i n g "  and th e  " a c c e p ta n c e  o f  t e n d e r n e s s "  i n c r e a s e d ,  when
,/ s oy  b i t s  were  added t o  th e  f o r m u la t i o n ,  
her
C a s e in a te ,  and whey p r o t e i n  i s o l a t e ,  r e s p e  

I  f o r m u la t i o n .
ben Bowers and E n g l e r  (1 9 7 5 )  added t e x t u r e d  s o y  p r o t e i n  t o  p a t t i e s ,

C r e a s e d  and th e  " o v e r a l l  a c c e p t a b i l i t y "  d e c r e a s e d .

soy  b i t s  were added t o  th e  f o r m u la t i o n .  . .
riT'ansson  ( 1975) showed th a t  t e x t u r e  chan ges  o c c u r e d ,  when k<fc soy p r o t e i n  i s o l a t e ,  
Sei n a t e . and whev p r o t e i n  i s o l a t e ,  r e s p e c t i v e l y ,  w ere  i n c o r p o r a t e d  i n t o  a m ea t-

th e  f i r m n e s s

op PUrpose  o f  th e  p r e s e n t  i n v e s t i g a t i o n s  was to  s tu d y  th e  i n f l u e n c e
Urico n v e n t i o n a l  p r o t e i n s  on th e  t e x t u r e / c o n s i s t e n c y  p r o p e r t i e s  o f  p a t t i e s .

o f  d i f f e r e n t  amounts

EXP;
Ej*IMENTAL

, e x p e r im e n ta l  d e s i g n

shows th e  g e n e r a l  d e s i g n  o f  th e  e x p e r im e n t s .  The a n a ly s e s  were d i v i d e d  i n t o  f i v e  
s g ^ c h  one ? yp e  o f  p r o t e i n  p r e p a r a t i o n  in  d i f f e r e n t  amounts. The f i v e

b Wqv,„ . . . . . .  i •________o V- U UUU Ucl-LLl-Liig, ^ J “  * jr ~ *■
Vere  a n a ly z e d  w i t h i n  a t im e  span o f  t o t a l l y  21 months.

S i ^ e n t a l  d e t e r m in a t i o n s  o f  t e x t u r e / c o n s i s t e n c y  p r o p e r t i e s  were P « r f o r . e d  w i t h  th e  
- i f  I n s t r o n  U n i v e r s a l  T e s t i n g  Machine and a S u R -p e n e t r o m e te r  o™ l l e l l y  w i t h  ^

ir. yses s e n s o r y  e v a lu a t i o n s  o f  th e  p a t t i e s  were  run by u s in g  a l a b o r a t o r y  pan
sOrio 3

w9rris
* s au a ly s

> P l e m e n t  to  th e  a b o v e -m en t io n e d  e x p e r im e n t s ,  an i n v e s t i g a t i o n  e s p e c i a l l y  d i r e c t e dt  t o  th e  a b o v e -m en t io n e a  e x p e r n u c u w ,  - -
i s  o f  th e  o v e r a l l  c o n s i s t e n c y  o f  th e  p a t t i e s  was a c c o m p l ish e d  by means o f

s i x t h  s e t .rnember p a n e l  in  

S £ ia l

Jqj, ' ‘ " t e i n  p ro d u c ts  i n v e s t i g a t e d  a r e  t a b e l l e d  i n  T a b le  I
set 6. '

f o r  s e t  1—5 uud i n  T a b l e  I I

As
V sab ba Seen d i f f e r e n t  amounts o f  r e h y d r a t e d  p r o t e i n  w ere  af d e d  in  d i f f e r e n t  s e t s

w a - ~ue no m e  vacv  m a . ^ * 1  —  , ~ t e i n  p r e p a r a t i o n s  had d i f f e r e n t  w a t e r a b s o r p -
b a r a c t e r i s t i c s .  The r a t i o  b e tw een  added p r o t e i n  and w a t e r ,  t h e r e f o r e  had 
• I t  SU „ 1H have  been  im p o s s ib l e  t o  shape th e  p a t t i e s  m  th e  f o o d  p o r

due to  th e  f a c t  th a t  d i f f e r e n t  pro

> i 6dha
^  sh o u ld  o t h e r w i s e  have  been imposs

l ig  m
Th,

I t
nac h i n e .

N cLa t t - s  w i th o u t  a d d i t i o n  o f  u n c o n v e n t io n a l  p r o t e i n  ( " t h e  ^ - p a t t i e s " )  c o n t a in e d  ju s t- en
( b e e f  r e s i

r o h y d r a t e d  p ro

id u e s -  "N o t  I I I "  . I n  a l l  o t h e r  p a t t i e s  p a r t  o f  th e  meat was s u b s t i -  
r o t e i n .  I n  o r d e r  to m a in ta in  a f a t  c o n t e n t  o f  about 20^ m  th e  p a t t i e

Th,

* 1* rx . * * vi 1 a t c vi 1 vy v ̂  j- ■' —* — — — # _ , •
i a r d  was added t o  th e  p a t t i e s  c o n t a i n i n g  u n c o n v e n t io n a l  p r o t e i n s .

P° iy e iw t i e s  (64  g  w e i g h t ;  9 cm d ia m e t e r ;  0 .8  cm t h i c k n e s s )  
tllaverih y le n e  bag s (N -a th m o s p h e re )  u n t i l  th e y  were  a n a l y z e d .  Be 

and c o n t a c t  f r i e d  f o r  8 m inu tes  in  m a rg a r in e  a t  175 0 t

w ere  f r o z e n  raw and s t o r e d  in  
B e f o r e  a n a l y s i s  th ey  were 

em pera tu re  ( o f  m a r g a r in e ) .



H 1:4
Methods of analysis 

Instrumental^nslysis (sets 1-6)

The instrumental experiments were mainly performed with an Instron Universal Testing Machin 
supplemented with some minor tests in a SuR-penetrometer.In Instron as well penetration 
tests as tests with a meat shear cell were run.

Penetration tests in Instron: A plunger (3 cm diameter) penetrated the patties with a 
constant speed of deformation (1 cm/min.) until it had reached a distance of 5*5 mm from
the surface of the load cell. The patties were thereby deformed to 30-35% of their origi
nal heights. Force/deformation curves were registered.

Tests with the meat shear cell in Instron: Strips of the patties (4.5 cm wide) were cut 
by an up- and downwards moving vertical plate ("guillotine"). The deformation speed was 
1 cm/min. Force/deformation curves were registered.

Penetration tests in a SuR-penetrometer: A plunger ( 3 cm diameter) was allowed to fall in 
the patties by the action of the force of gravity. The weight of the plunger was 5^0 g»
The penetration as a function of the time was registered.-

Sensory evaluations

Ratio-estimations (sets 1-5)i A semi-trained panel consisting of six persons from the 
laboratory personnel was used. The panelists judged six different properties: hardness 
and elasticity by pressing the patties with the fore-finger ("at handling"); hardness 
elasticity, chewiness, and juiciness with the molar teeth involved ("at biting"). All 
properties were defined in advance. For each property all possible combinations of pattieS 
within each set were estimated by using a ratio-estimation technique. The panelists were 
asked to indicate which of the two samples within the pair that had the greatest intensity 
regarding the actual property. The intensity of this sample (=the "reference sample") 
was assigned the value 100. Then, the intensity of the other sample within the actual Pal 
was estimated in percent of the intensity of this "reference sample". Thus, if the inten
sity of a sample was peceived as half of the intensity of the other ("reference") sarnple ’ 
it was assigned the value 5 0 »
Scoring (set 6): Hardness, chewiness, juiciness, and overall consistency were scored by 
a panel consisting of 15 persons (mainly house-wives). Ten-point rating scales with 
anchored end-points were used. During thr five initial sessions the 0$-patty was judged. 
The scores then obtained for each property were during the the following sessions marke 
on the questionnaire and the 0$-patty was used as a comparison sample.

RESULTS AND DISCUSSION

Instrumental analysis
• vigdAs an example of the results obtained Figure 1 a shows the deformation work values obtai 

with the meat shear cell as a function of the amount of rehydrated protein added. In . 
Figure 1b data from Figure 1a have been normalized by dividing the work values for patti 
containing unconventional protein with the work values for the patties without protein. 
(The variation in deformation work between the 0$-patties in different sets, as can be 
seen in Figure 1a, was due to the fact that different bathes of meat had to be used in 
the different sets.)

increased when 16 and 32$ rehydrated protein were added. When the protein addition we**® 
48$ the deformation work decreased to a level below that of the 0$-patty. The deformati^ 
work values for patties containing the other types of protein preparations all decrease 
monotonously with incresing amount of rehydrated protein.

On the whole the results from the penetration tests in Instron agreed with the above- 
mentioned results.

Penetration tests in the SuR-penetrometer tevealed just a few significant differences 
between different samples. Presumably, this was due to the fact that loads of only 5 ^  ^ 
were used. The penetration of the plunger into the patties was therefore in general not 
greater than 2-3 mm. The texture of the frying crust could thus have contributed to th® 
penetration values much more than at penetration in Instron, where the loads are at l®aS 
ten times greater.

t



evaluations

H 1:

Sat^-estimations
Ĵ SilEe__2 shows, as an example of the results of the ratio estimations, hardness at biting 
asottea against amount of rehydrated protein added. As can be seen the trends are the sameas
t ion
Of

ln Figure 1b i.e., patties containing Dipro F 70 have a maximal hardness after addi-
of 16^32^” rehydrated protein, while hardness for patties containing all other types 

Protein continously decrease with increasing content of unconventional protein.

^t-dn

shi

ess at handling and chewiness was highly correlated ( r > 0 .9 2 ) to hardness at biting.

Patties containing Dipro F 70 as well elasticity at handling as elasticity at biting 
°V6<i no significant change with increasing amount of protein added. When other types of 
Conventional, protein were added the elasticity, however, decreased with increasing11 r  _ r-» _  J -i l  4-  ̂-I ^  ^  4- 4- -i ^  ^  ~  4- r* 1 -r. 1

?ipr,
^ a t

N0Unc*rgnificant differences in juiciness between patties containing different amounts of

of rehydrated protein. The absence of significant differences for patties containing 
0 F 70 may be an effect of too little training of the panel before the evaluations of
set.

ic0rin,

ontional protein could be noticed in any of the sets.

g
Jardne
‘ or all

ss and chewiness of the patties decreased with increasing amount of rehydrated protein

Th,
Protein preparations.

Cre Patties became more juicy when the amounts of Dipro F 50 and Texgran 10.000 were in- 
ased. When Promine-D was added juiciness decreased with increasing amount of proteina<a<d.6d

It
On the whole "overall consistency" showed the same trends as juiciness.

an be observed that the texture/consistency of patties containing Dipro F 70 and Diproi cn ___ ___ _____  _
p 7n respectively, differed from each other. This can be explained by the fact that Dipro 
fa :*'s manufactured from a mixture of soy flour and soy isolate, while Dipro F 59 is manu- 
t0 tpred from just SOy flour. Thus, Dipro F 50 could be expected to have properties similar 

°ther textured preparations made from soy flour, e.g., Texgran 10.000.
ItbutCan also be observed that clear trends in juiciness were obtained in the scoring tests 

n°t in the ratio-estimations discussed above. However, one must bear in mind that two 
1 erent panels were used in these analyses. This can perhaps explain the difference

^ — igbs between instrumental and sensory variables
V̂ r .
P^p+bles calculated from instrumental analyses(penetration tests in Instron and the SuR- 
ahd r°™eter; deformation tests with a meat shear cell in Instron; determinations of fat 
al>lP!fater content and of weight, losses during frying) were reduced in number from J9 mari
ne 
to
Ss

abi

b u n t e n i  a n a  0 1  w e i g i n .  d u n u 6  . 7 ~ ----------------- .

to three factors by the aid of factor analysis. The three sensory variables ^hard- 
chewiness, and juiciness) were redeuced to two simply on basis of the correlation 

icients between them and the regression lines obtained when plotting the three vari- 
lri all possible combinations.ts

Of ^instrumental and sensory factors obtained were then related
in
Hea

‘ ect

;ach other by the aid

- ertain sensory texture/consistency properties on level 2. These properties can,
°tre?ir turn, build up the concept of overall consistency on level 1. According to the 

tation coefficients, overall consistency can be built up directly from the physical 
‘'ties without too much loss of precision.
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Table X . Amounts of different proteins ($) added to patties 

used in ratio-estimations.

Set Level of pro tein addition
Nr Type of protein 0 1 2 3

1 Dipro F 70 *) 0 16 32 48
2 Texgran 10.000 *) 0 16 32 48

3 Promine-D **) 0 ' 6 12 24
4 Rapeseed Protein 

Concentrate (RPC)**) 0 10 20 40

5 Sodium Caseinate 
Spray Blend **) 0 6 12 18

** J
Textured by thermoplastic extrusion 
Untextured preparations

Table II. Amounts 
patties

of different proteins (%) added 
used in scoring tests.

to

Type of prc• tein
Level

0
of protein addition

1 2 3

_ 0 - -

Dipro F 50 *) - 16 32 48
Texgran 10. 000 *)
Promine D ** ) - 8 12 24

*) Textured by thermoplastic extrusion
**) Untextured preparation

Figure 1 . The deformation work obtained from the meat shear cell 
— ------ curves plotted against the amount of rehydrated protein.



o— — o Dipro F 70
9---------^  Texgran 10.000
& .......... a  Prom in«-D
o--------- -o Rapeseed protein concentrate
x---------- k Sodium Caseinate

¿igure 2 . Hardness at biting obtained at ratio-estimations 
plotted against the amount of rehydrated protein.

L e v e l  1

L e v e l  2

L e v e l 3

Schematic split up of overall consistency in three 
levels of measurements.
O.C.=Overall consistency
Ju = Juiciness Ha = Hardness
W .L .= Weight losses C Fg = Deformation force

during frying (meat shear cell)




