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SUMMARY

Thi
1§ stud ; , /N 1 i /\ . 207
udy examined the effects of soy protein isolate (SPI; 16-26%), kappa-carrageenan (K-C; 0.3-0.9%) and oat fiber (OF; 0-3%)
D On the hia:

f Inding (cohesion) and hardness of extrusion-cooked mechanically deboned turkey meat (MDTM). The most significant
factor affe

Har
ardnese wac : Sl : £ 3 : i 3t e y
$S was increased by level of OF, which had no major effect on binding. The most acceptable extrusion- -cooked MDTM

ecting product binding was SPI level. Binding was also affected by the level of K-C and its interaction with SPL

Produyctc 1
CtS had hi . o s eg . . 2
1S had binding scores similar to that of commercial frankfurters and were formulated with 24% SPI and 0.6- 0.9% K-C.

TRODUCTION
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I SXtrusion : X : R 3 ;
)N cooking of regular meat is difficult due to high moisture levels and presence of fat which cause product gushing out of

the gie :
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In small granules or backflowing of the raw material from the extruder inlet (Megard et al., 1985). ['hese problems are
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ibrication of the extruder die and screw from fat and moisture resulting in product slippage or blockage of the die.

Under thace : v . : : 2A
these circumstances. any material that exits the die is of limited cohesion, crumbly and friable. These problems may be

r defatting the meat before extrusion, and/or mixing with nonmeat binders and gelling agents, such as soybean

Use of nonmeat ingredients in extruded meat products eliminates the

(] arches, wheat flour, potato products an
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» al problems; improves binding and texture; and reduces their total fat, while increasing protein contents.
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formed by extrusion of meat mixed with plant materials can be marketed as snacks, chunks or powders for soups or stews,
imd
: Pasta Products fortified with meat.
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Studies have with various modific

indicated th tions, extrusion cooking of muscle tissues is possible and may be useful
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iing product quality (Lawrie and Ledward, 1983; Areas and Lawrie, 1984; Kristensen et al., 1984; Alvarez et al., 1990).
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l0mical source of animal protein is mechanically deboned poultry meat which has been used as a substrate for extrusion-

C”Ukcd ma:

it products (Megard et al., 1985; Alvarez et al., 1990). Studies in our laboratory have also examined the potential for
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extrusion-cooked meat products from combinations of poultry meat with various nonmeat ingredients of plant

er, 1990). The objective of the present study was to determine the effects of soy protein isolate, kappa-carrageenan

on extrusion-cooked mechanically deboned turkey meat.

MATR
RIALS AND METHODS
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& Staley Manufacturing Co., Dekatur, IL), K-C gum (Hercules, Inc., Wilmington, DE) and OF (Mira; Canadian Harvest,
tarig
, Cz
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Naterials used in the study were MDTM purchased from Longmont Foods (Longmont, CO), soy protein isolate (Mira-

| S inada). Used as variables, these ingredients and their levels were formulated into 18 (Table 1) out of a possible
| f()r':lll}’lm\. of 54 treatments as a fractional factorial experimental design (Kempthorne, 1973). The extruder variables were fixed

m)”l” \”k';‘“m@‘ll‘\ as follows: screw speed at 100 rpm and extrusion temperature at 95°C. Before extrusion, the MDTM and the
‘ 3 '€at ingredients were mixed in a KitchenAid mixer (model K45SS, Hobart Manufacturing Co., Troy, OH) at low speed for
4 tota] of 1S min

“ \unod at 4°
| Extr
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¢, NJ)

The mixed dou

>nt was divided into two (200 g each) duplicate samples (A and B), which were

and extrusion-cooked on the same day

Usion w- : - " : re ;
! Was performed in a Brabender plasticorder extruder (model PL-V500; C.W. Brabender Instruments, Inc., South

The diameter of barrel of the extruder was 19.00 mm with a 20:1 length-to-diameter ratio and eight 0.79
\" 1R I s
; m lone ! - 10
1 longitudinal grooves. A screw of 1:1 compression ratio was used. The die plate used was 5.10 cm long

\\i[]
1an ()8
n (.87 ‘ : ‘ ;
cm diameter opening. The two zones of the extruder were electrically heated and compressed air-cooled collars

Contr
“ )H[!H]]U{ by therm : - : :
Y therm e of the barrel. Two thermocouples were inserted through the barrel

ostats were used to controi tne temperatur
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['able 1 Fractional factorial experimental design for wall (Likimani, 1988) and indicated the temperaturé 0
evaluation of extruded meat products formulated

with mechanically deboned turkey meat (MDTM)
and combination of soy protein isolate (SPI), kappa-  Ground, moistened corn grits were choke-fed int

dough in the extruder

carrageenan (K-C) and oat fiber (OF). , i ; el
—_— < _— — extruder until a steady state was achieved and bet
i ' o SPI N ,}i(__ = A __(_3!_7,'*_ treatments. After the A samples were cx[rudedv
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v g " duplicate B samples were extruded in the same ma’
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3 4 0 1 Each sample was collected from the die outlet in 1}’“
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9 v ; & bag and stored for in a refrigerator (0-2°C) be
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v 3 trained esion (binding) and hardness (Cla
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1 | - apart a 1-cm slice of frankfurter, which was given a scor®
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15 g 1 0 0, and a similar amount of ground turkey meat, Whld }
| : 3 g
; ; )' 1 given a binding score of 1, on the 6-point scale (Table ”
‘ 2 0 2 ,wd:
5 ) ) Hardness was evaluated on a 6-point scale against S I
e e L S R L W I A . L : : Hink
assigned scores from 1 to 6, which served as anchor P*
SPI: 0 = 16%: 1 = 18%; 2 = 20%:; 3 = 22%; 4 = 24%; 3 ddwi!ﬂ
o ; T .58 > 2 . ! (Sorradnis t7al 102\ Tha’conra Al 1 cnrrsctioni
K-C: 0 03%: 1 = 0.6%; 2 09%. OF: 0 = 0%; 1 = 2%; 2 (Szczesniak et al.,, 1963). The score of 1 correspon i
85 prty . 55 U
i the hardness of cream cheese, while 6 was the hardn®
: : dw
peanuts (Table 2). The extruded samples were 11”0“8
reach room temperature (1.5-2 hr), and | portions of “0
wert
v
ach treatment were presented during each session to each panelist on a waxy sheet of paper. The anchor \itml’l‘
1 6-muffin baking tin form next to the extruded samples with the evaluation sheet for reference.

RESULTS AND DISCUSSION 4
: | ok ; . , Lot p <00
I'he results presented in Table 3 show that binding of 100% MDTM during extrusion cooking was affected significantly (

0
by the level of SPI and the level of K-C gum. The quadratic term of the SPI level, as well as the interaction between the 1 ¢

A\l
of the gum and SPI also affected (P < 0.05) the binding of the extruded products. In addition, the quadratic term of the SPl . J
and the quadratic term of the OF level had significant effects (P < 0.05) on hardness. Figure 1 shows the effects of the leve ¢
both SPI and K-C gum on the predicted binding of the MDTM extrusion-cooked products. At the low level (1¢ %) of SPI Wi

J gl

increasing the gum level from 0.3 to 0.9% caused a large increase in binding scores (about 3 points on the 6-point scale)s .

’ . ; B O g 54
levels of SPI (24%), an increase in the gum level from 0.3 to 0.9 increased binding only by one point, from 4.4 10 -
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SPI, the binding scores remained constant or decreased slightly. This suggests that the gum improved binding when the ¢ |

a given level of K-C gum (from 0.3 to 0.6), increasing the level of SPI from 16 to 24% increased binding scores, but

gk
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of free moisture was higher (lower SPI levels). This was observed also during extrusion cooking, as less fluid sepé 1"‘”

oWt

roved product texture. The most acceptable binding occurred at 22% SPI and 0.9% K-C (Figure 1). This score Wa%

of a maximum of 6.0 for frankfurters.

Table 2. Reference \L«llx (\1 1chor points) t4 r sensory evaluation of extruc d pmduu\
Scores H:udnc&\\ Food source Binding
: 1 i . # TLey M
1 Philadelphia cream cheese Kraft, Inc., Glenview, II Ground turkey
2 BoilethegttWhites st st L S R S LE s L L B D Ra e e R S lagay
3 Chicken franks Bar-S Food Co., Phoenix, AZ -——--
4 Cheddar cheese Kraft, Inc., Glenview, Il R
5 Ripe black olives (pitted) Food Club, TopCo ‘\\\11 ine., Skakae, Tki - 0rvatl s aceie
2 ; : L
6 Peanuts Gold Crest, Inter-American Iu yd, Inc., Cincinnati, OH ( h!\hkw’ fre “‘“/
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Table 3.

Regression coefficients and statistical significance for binding and hardness scores of extrusion-cooked (100 rpm,

95°C) mechanically deboned turkey meat (MDTM) mixed with
'X“\‘( , 0.3-0.9%) and oat fiber (OF, 0-3%).

Binding

soy protein isolate (SPI, 16-26%), kappa-carrageenan

Hardness

vuriilbles 5 . S o B T 5 . \ TP f Qlonifi
Regression Coefficients Level of Significance Regression Coefficients Level of Significance

SP| leve]

Clo 1.196 D004 e Ay ekt N.S.
spkas\el 1.137 QOIS LT T N.S.
SPI KPI‘ 0.137 0.0107 0.055 0.0005

Yo C -0.221 Q0I8A" 5 o i e N.S.
Fx OF :
AR N.S. 0.276 0.0007

" MOt significant (P > 0.05). Constant 1.792 for binding and 1.135 for hardness.

F 1Bure 2

(

Shows the effect of SPI and OF levels on hardness. At a given level of OF (from 0 to 3%), by increasing the SPI level

fro
m 16 to 2607 et : . : - : =
: 10 26%), the hardness scores of the products increased; at a given level of SPI, by increasing the OF level, hardness also
NCreqe 3 5
a5¢d. Tha s A : o i
& L. The hardest product (a score of 5.6, which was between the hardness of olives and peanuts) occurred at 26% SPI and
WA
Y70 ()F " v = .
- The softest product, with a score of 3.1 (similar to a frankfurter), occurred at 16% SPI and 0% OF. The hardness of

Ve
Producte i Gk st } : R ; - : & E :
ucts with 22-249 SPI and 0-1% OF was still in the acceptable range (3-4 points). In general, adding OF caused easier
[ £ } £ ¢

.Cedinv
Ofithe dowich in 11 . , = ; . : 5
o & of the dough in the extruder, but it also resulted in an increase in the hardness of the product. Overall, the fiber level
3
00 m

4Jor or consistent effect on binding of the products (Tables 4 and 5).
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his
S Sty : : P ; . % bt A g ;
'93‘ dy showed that mixi 1g MDTM with different levels of soy protein isolate (SPI) (16-26%) at an extrusion temperature of
Wl £
- dl - & ~ - . . ~ ‘ Py =
. d a screw speed of 100 rpm allowed formation of restructured, extrusion-cooked products. The SPI level was the most
gifjc.
ca Syl : s g i > e
: t (P < 0.05) factor affecting level of the kappa-carrageenan (K-C) gum (0.3-0.9%) and the

ing binding (cohesion). The
Sraction betwe

en the levels of both SPI and K-C also caused a significant effect (P < 0.05) on binding. The level of oat fiber
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ATCSp()n\c surface diagram for predicted binding Figure 2. A response surface diagram for predicted
Scores of extruded mechanically deboned turkey hardness scores of extruded mechanically
Meat with different levels of soy protein isolate deboned turkey meat with different levels of soy
SPT) a 3 r : . - , “
(S”) (16-26%), kappa-carrageenan gum (K-C protein isolate (SPI) (16-26%), kappa-
N gum) (0.3-0.9%) and oat fiber (0.0-0.3%) at the carrageenan gum (0.3-0.9%) and oat fiber (OF)
€Xtrusion temperature of 95°C and screw speed (0.0-3.0%) at the extrusion temperature of 95°C
of I I ; I
100 rpm. and screw speed of 100 rpm.
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erms of

(OF) (0-3%) had no major effect on binding. Hardness of the products was affected (P < 0.05) by both the qu;tdruticl vl
e : : N e - S, , ; St osthy +52
SPI and K-C gum levels. Although the OF had no effect on binding, it did affect the texture by increasing hardness. [he m 'L‘Ppar
acceptable products were formulated with 0.6-0.9% gum and with SPI levels not exceeding 24%.
SUny
ACKNOWLEDGEMENT :
” . . g . ; : W / fine
I'his work was supported in part by the Agricultural Experiment Station of Colorado State University. :
T
, e,
REFERENCES :
[ 5
< : % = P 18 4 A . 3 w2 . : . A : meé* | an
\LVAREZ V.B., SMITH D.M., MORGAN R.G., BOOVEN A.M,, 1990. Restructuring of mechanically deboned chicken 4
and nonmeat binders in a twin-screw extruder. J. Food Sci. 55:942-946. tigs
=P
B ’ : , 2 o i, I ang
AREAS J.A.G., LAWRIE, R.A,, 1984. Effect of lipid-protein interactions on extrusion of offal protein isolates. Meat adls
275-299. ferg
> ezl . ; X A : : :certatio™| gu
BA-JABER A.S., 1990. Restructuring of poultry meat with nonmeat ingredients by extrusion cooking. Ph.D. Dissert L

Colorado State University, Fort Collins, CO.

¢ l \R}\I

A.D., SOFOS J.N., SCHMIDT, G.R,,

1988. Lipid oxidatic

14

KEMPTHORNE O., 1973. Design and Analysis of Experiments.

Robert E.

gt
(0

53, 1260 Ty

n in mechanically-deboned poultry. J. Food Sci., -

1

% SEE , rew YO bre
Krieger Publishing Company, Huntington, New s

fun
A : y o . 2 ormd| "
KRISTENSEN K.H., GRY P, HOLM F., 1984. Extruded protein-rich animal by-products with improved texture. 11 "T(t‘“w_\.' It
Processing and Quality of Foods" (P. Zeuthen, J.C. Cheftel, C. Eriksson, M. Jul, H. Leniger, P. Linko, G. Varela and O- ‘ )
eds). Elsevier Appl. Science Publish., London, 113-121pp. Niea
St - DA /g
AWRIE R.A,, LEDWARD D.A., 1983. Texturization of recovered proteins. In "Upgrading Waste for Feeds and Food": ( ;
Lcu ward, A.J. Taylor and R.A. Lawrie, eds). Butterworths, L(md(m. 63-182pp. ]
fop
: : . ‘ ctio?
I'able 4. Average binding scores of mechanically-deboned [ KIMANI T.A.. 1988. a- -Amylase activity and destrt s0f|  F
turkey meat product extruded at 95°C with different of Bacillus globigii during extrusion cooking of ¢ ,ersi‘)" b
levels of soy protein isolate (SPI), kappa-carrageenan blends. Ph.D. Dissertation, Colorado Staté nis ) S
gum (0.3-0.9%) and oat fiber. Ft. Collins, CO. ' 1
O: Yihea 0 = 1 5 ﬂnq
o o, MEGARD D., KITABATAKE N., CHEFTEL J.C+ s
SPI (%) 0 2 3 Continuous restructuring of mcchamcally i Gcis | Mang
A Dt £ chicken meat by HTST extrusion cooking. g,
10 = b 480 50, 1364-1369.
18 3.25 5.00 3.50 DM 196,
A 4.39 e 325 SZCZESNIAK A.S., BRANDT M.A. and FRIEC fof
= 2 Sk s H.H., 1963. Development of standard rating ° orte ]atlof;‘.
:4 ‘\'(7“,) 3.50 4.75 mcdmmul parameters of texture and Co xtur® SRir
4 75 ;
o ok 4.50 400 between the objective and the sensory methods U
evaluation. J. Food Sci., 28, 397-403.
1
Na
Table 5.  Average binding scores of mechanically-deboned N
turkey meat products extruded at 95°C with different loye
levels of soy protein isolate (16-26%), kappa- be
carrageenan gum (K-C) and oat fiber. “
: L
Oat Fiber (%) .
am
K-C (%) 0 2 3
Saus
0.3 2.62 4.00 3.87
0.6 4.87 4.62 3.00 :
0.9 5.00 4.62 4.37 Va,
LN
Pw
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