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The
£ :
::alu::ctl"nal Properties of soya isolate, potato starch and wheat flour in British fresh sausages have been
ny 30 r- .The‘se ingredients were substituted for rusk individually and in combination in a pork and beef
bcrgs%pecll)e in a statistically designed experiment. The sausage structures were examined by light
t:;a traxz' The cooking performance of the sausages was evaluated and the sensory characteristics assessed
ef: ined taste panel consisting of eleven assessors. Soya isolate was found to have a major effect on
Sot 9 Performance and texture of the sausages with potato starch and wheat flour having a much lesser
€ report describes the sensory changes that occur upon addition of each ingredient and the changes
Sed in terms of the structures seen in the light microscope.

%Ion

Ot 5
Brg,y 2O ; y
Rlxlg‘hxcztrshﬂ ingredients such as milk proteins, plant proteins and polysaccharides are often added to meat

ing Al Ez §°1Ve problems such as shrinkage and distortion during coking and to modify eating quality (Comer
(,\nrﬁas-ng O)tas, 1988). Cost is a major factor influencing the use of non-meat ingredients, but there is an
ang 8, 19‘;;areness of the potential benefits of using functional ingredients to improve product quality
Po vsa i However, there is a general lack of knowledge of the specific role of functional proteins
1 Ccharides in meat products. :
QeS80
m:::lanzorchharacteristics of a range of British sausages have been documented by Jones, Dransfield,
oy o o Tancombe (1989). This study mainly examined commercial sausages , without identifying either the
b QluSianteParation or the formulation. Observations of the appearance of the sausages led to the
'“ea:xpect h‘?t the effects of comminution on eating quality could override those of formulation. This is to
hﬁs prOduCtslnce meat particle size is clearly an extremely important factor controlling the texture of all
Do S. However, the influence of functional ingredients on procuct eating quality is less clear and
N €0 documented.
Ung
g, C8r )
in::\lcts'st:dmg of the properties and interactions of meat and non-meat proteins and polysaccharides in
Sdigy . their effects on the aqueous and fat phases, should enable more careful selection of the
e o for improving product quality.
By
mQ;:“’rmani: of this study was to identify the effects of functioral ingredients on the appearance, cooking
e £ the and eating quality of British Fresh sausages. Before experimental work was begun, a survey was
st“dbtain USage of functional ingredients, among the Food RA Meat and Fish Products Panel Members, to
illgry from € range of ingredients currently used in the industry. Three ingredients were selected for this
Qﬁnteq"ehts € results of the survey and these were soya isolate, potato starch and wheat flour. These
Ta)l Con "eFe Substituted for rusk, individually and in combination in a pork and beef sausage recipe in a
HA‘T.&RIAL POsite statistically designed experiment.

lb%&]{ M0 MeTHoDS
b Sats
Qrk
fa Sh
t (o Oulg
t}%iS L) :‘ (80% visual lean, VL), pork jowl (40 VL), pork rind (90 VL), beef flank (70VL) and beef clod
blistgh a 5 .Te obtained fresh from a local abattoir 24-48 h post-mortem. The pork shoulder was minced
2 b Toze,. o™ Plate and the pork jowl diced into 2.5 cm cubes. The meats were vacuum-packaged and
h@fnrbefgre At -30°C and transferred to a freezer at -18°C until required. The meats were thawed at 2°C for
N e Usq chopping. The rind was steam-cooked for 30 min, cooled and minced through a 4 mm plate
Tk
A
R‘ls b Cally recovered meat (MRM), 75 VL, was obtained frozen from Perimax Meat Co. Ltd.
.
gy, *diun grist) was obtained from RHM Ingredients Ltd.
l)nt lng
Ay wa
a“iq lr“?d s S_obtalned from Lucas Ingredients Ltd. znd was Honey Roast Pork plain (No. 5091). The seasoning
§ ang dry lum chloride, sucrose, triphosphate, dextrose, sodium sulphite, wheatflour, spices, ascorbic
Qy Oney .
fl A is
Oy Qlat
e
Q“hpos"_'as roiOOE wWas obtained from Protein Technologies Intermational. Trident Emblem heat-treated wheat
8 ltio 2 Jas Bowman & Son Ltd and Farina potato starch was from Tunnel Avebe Ltd. The approximate
pz)?a s f the ingredients is shown below:
tar SO
ty 2t
wh@at fst&l‘ch 91.5% protein 5.5% moisture 3% sugars
% lour <0.1% protein <21% moisture 78% starch
‘lsage 8-11% protein 15% moisture 72.5-73% starch 1-1.5% cereal gum
ThQ : Hah“facture
Seq
Pe ¢
o
* the control sausage is shown in Table 1, which shows that the meat content was 51.1%. The
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water to rusk ratio was 2.1:1. The levels of addition of the three non-meat ingredients (soya isolates

flour and potato starch) are listed in Table II. These levels were selected in view of the results of |
survey of typical usage levels by the industry.

additlop

The chopping procedure for the sausages is illustrated in Fig. 1. Also indicated are the methods Offilled o
of the non-meat ingredients. The ingredients were chopped in an Alexanderwerk 20-1 bowl cutter and 4 18
into Devro 280 casings in a Handtmann VF10 vacuum filler. The sausages were blast frozen and stored

before use.

TABLE |
Control pork and beef sausage recipe
TABLE lI
Ingredient Amount (%) Levels of non-meat ingredients
|
Pork shouider 80 VL 15.0 Ingredient Level of addition % yo¥
Pork jowl 40 VL 15.0 Lowest value Mid-value HH
Beef flank 70 VL 7.0 4
Cooked rind 90 VL 4.0 Soya isolate 0 2 4
Beef clod fat 5 VL 50 Potato starch 0 2 2
Pork MRM® (75 VL) 6.0 Wheat flour 0 1
Seasoning 25
Waterf/ice (1:1) 310
Rusk 14.5
Total 100.0
Total meat content 511
Lean meat content 30.58 |
Fat content 20.52 |

VL - % visual lean
* estimated meat content 85%

Chopping speed

and time :
Prehydrated soya Half pork shoulder + beef flank |
isolate + pork MRM + pork rind + |
seasoning 1
1:5 (soya:water) slow15s ‘
fast 15 s ‘
Half water/ice
slow 10 s
Pork jowl + clod fat
slow 15
Half pork shoulder + half water/ice
slow 10s
Potato starch Rusk

wheat flour slow 10s

fast 10 s
Stop

Total time 1 min 25 5

Fig. 1 Sausage chopping procedure
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Ly,
®ls of the non-meat ingredients for each batch of sausages prepared is shown in Table III

TABLE IIX
Non-meat ingredient levels in all sausages examined

Batch Code Ingredient amoumt (%)~
Soya isolate Potato starch Wheat flour
A 0 0 2
B 4 0 0
c 0 4 0
D 4 4 7
E (control) 0 0 0
F 4 0 2
G 0 4 2
H 4 4 0
I 0 2 1
J 4 2 1
K 2 0 1
L 2 4 1
M 2 2 0
N 2 2 2
X 2 2 1

added in replacement of part of the rusk

Wi
®Te cooked from frozen on a pre-heated electric grill for 30 min, being turned every 7.5 min. The

& a9es were cut in half and served immediately to the sensory panel.
Sop
Sessment

g P
;g

Sy, 18]
q of
%mhhted iel?Ven experienced sensory assessors was used to evaluate the fifteen samples. Samples were

“katuren(;ndivzdual taste booths under artificial daylight illumination and at a controlled air
Yy el

Lvat

lon

M

v

Sra)
hap 2t rg
ﬁ;hcteri::q‘table discussion sessions were held to develop a vocabulary to describe important sensory
sﬁq&examin 1°§ Oof the samples. All samples were used for the derivation of terms. Textural characteristics
%tres thQEd 10 the first few discussion sessions and then as the panel became more familiar with the

lbUteS Y were able to examine appearance and flavour characteristics. In total, eighteen sensory
b“n' Te derived (nine textural and nine flavour terms).
in
of

B el
0,
g, Tt

Tainj 3 : 7
Sm%l*m H w:nlng Sessions were held. At each session panellists received three samples of sausages; samples
S5 Were Te used as training samples. The sensory characteristics (i.e. eighteen attributes) of the
SCored using a 15 cm unstructured line scale on a form.

Sampleg

le. e Aad 1
thyles andprgflllnq sessions were held over a period of six weeks. At each session panellists assessed two
N € control sample X. This facilitated a comparison between all samples. Sample X was assessed
Q§&Q° MesS whereas all other samples were assessed in triplicate.
Py

T3
Qh 5 ¥ ang Cooked sausages were frozen in liquid nitrogen and frozen sections cut at -25°C.
C

I«xSQSEES
B Lo,
q ; _“n;:i Were determined on four sausages from each batch. The sausages were cooked from frozen by
l&grmhghgd 2 pre-heated electric grill for 30 min, being turned every 7.5 min and cooled for 2 min before
enCe_ The fat lost during cooking was collected and weighed and the water loss was calculated by
S€rvations were also made of the number and severity of splits in the sausages during cooking.
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RESULTS AND DISCUSSION
Sensory Analysis

The sensory attributes, for which statistically significant differences (p<0.05) were found, related mlisted

general to the texture of the sausages, apart from meat flavour and pepper aftertaste. Attributes arets by
in Table IV in decreasing order of the statistical significance of a simple comparison of all treatllenr whld
ANOVA. Differences between sausages were found in nine of the eighteen attributes. The attributes fO t
no statistically significant differences were found related in general to the flavour and aftertaste, &
from bready texture and coarseness of texture.
TABLE IV
Sensory attributes that showed significant differences between sausages

Attributes Significance level

Stickiness *** (p<0.001)

Greasiness ** (p<0.01)

Softness %

Meat flavour *x

Toughness of skin *k

Moistness * (p<0.05)

Chewiness

Pepper aftertaste ®

e
. , : - el b
The attributes listed in Table IV were analysed further using multiple linear regression to determine
in sensory properties due to the soya isolate, potato starch and wheat flour.
tes 3%°

The relative importance of the linear, quadratic and interactive estimates for the sensory attribu
summarised in Table V. This table can be used as a guide to trends in the performance of the three 8
ingredients. Significant linear terms indicate that a linear relationship exists between the paramete
question and the sensory attribute. Significant quadratic terms (I*, 5% and F?) suggest that the v
relationships between ingredient level and sensory response is curvilinear. Significant interaction 5 in
(IS, IF and SF) indicate that the relationship between the response and one of the two factors involV

the interaction is dependent upon the level of the other factor.

TABLEV
Relative importance of the parameter estimates for sensory attributes

Sensory attribute Linear Quadratic Interaction

I S F K s? F 1S IF SF
Stickiness U aalr® - - - - - * -
Greasiness e T : - - o ¢ :
Softness grear > E = 4 3 - o Es
Meat flavour - - - e - - - - -
Toughness of skin s 4 - £ = = - -
Moistness Ry - - - - 2 = Ly -
Chewiness ] il - e s o - :
Pepper aftertaste - - - 2 - X - . -
| = soya isolate ***  p<0.001
S = potato starch i p <0.01
F =wheat flour s p <0.05

Arrows indicate increasing (T) or decreasing (1) relationship of sensory attribute

sau53q85

It can be seen from Table V that wheat flour had little effect on the sensory perception of the the o
f 2
0}

Potato starch mainly decreased the greasiness and, to a lesser extent, decreased the stickiness © 5
sausage. However, soya isolate had the greatest effect on the sensory characteristics. Increasind lf dﬁa
levels reduced stickiness, greasiness and softness and increased the toughness of skin and chewlﬂess gﬂﬁof
sausages. Generally, soya isolate level influenced the textural characteristics of the sausages to iaqo¢
extent than the potato starch and wheat flour. Soya was the only ingredient to influence the meat

the sausages.

In general, increases in either soya isolate or potato starch levels were linearly related to I
stickiness and greasiness. There also appears to be an interaction between the soya and starch if cfeasa
to greasiness. Soya isolate was found to have a linear effect on softness. As the isolate level lx¢;,_11|,1¢:e‘i
there was a general reduction in softness. The relationship between soya level and meat flavour pr ¢
curvilinear response, with flavour scores lower at 2% soya compared with no soya, followed by lncr?;; 35
flavour score at 4% soya. The isolate level also has an effect on the toughness of the sausage skt
isolate level increased the skins were perceived as being tougher.
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educ 1884

998

B i e BV AN s

. Pl DY Y B o

o

P B e ne

N e O

e o |



6:39

Yo o
zlhimols‘t,nESS of the sausages was affected by an interaction of wheat flour and soya isolate. Maximum and
16 Yes alues of moistness were recorded for 0 and 4% isolate, respectively, at the 2% wheat flour level.
i%reast“'e’?e perceived as being more chewy (i.e. more difficult to break down) as soya isolate levels
ms‘)late : The peppery aftertaste perceived after swallowing was found to be greater for the mid-level of
ld~1gv9§2¥) than the lower and higher levels. The presence of gristle was perceived to be greater at the
Con of starch (2%) than at the lower and higher levels of starch.

king o

Ses

to
‘;’\d thzaiec‘x’king losses for all of the batches ranged from about 16 to 23%. The data were treated by ANOVA
sg“king Osults of this analysis are summarised in Table VI. Linear decreases in water, fat and total
Ingnificantses were brought about by addition of soya isolate, and these cooking loss reductions were the most
lnt@racti of all the results. Wheat flour caused a small increase in fat and total cooking losses.
ty ONs were identified between isolate and potato starch and isolate and wheat flour, and these mainly
Water and total cooking losses.

TABLE VI
Statistical analysis of cooking loss results

Cooking Linear Quadratic Interaction

Loss i S F r s F s IF SF
Waler ‘L--- . -

Fat i e : :

TO!BJ ~L"' T- .. ..

I - soya isolate **  p <0.001

S - potato starch i p <0.01

F - wheat flour » p <0.05

Amrows indicate increase or decrease in cooking loss, for linear relationship, in relation to control
sample.

%,
&
ly,, Sook

'V 1n )
O Slg o 9 Performance results showed a cluster of severe splitting effects in the mid-range of addition

adq: O soya ; 2 .
Ly ?dlt- Ya isolate and potato starch. The amount and severity of splitting was lower at the extremities

10
whe:tl:‘l’els of all three ingredients. No splits were observed in sausages containing 2% potato starch
LY our.

S,

A

“Copy

ry o
%n& £ the Structures of selected sausage samples seen under the light microscope is presented below.
0l
R

dy
S(,m:ausag
. 99g .
t’)’ h‘glsp@t: Mainly consisted of coarse rusk pieces with muscle and fatty tissue 'squeezed' between them.
Yy k, ®d protein was seen and some free fat, which did not appear to be bound by protein but was bound

§ - y .
Sen arg 2r Cooking little network was present and the structure was very coarse. However, some protein

& d and inside the rusk and this trapped some of the free fat.

So. a s
Yoy “Solate
D‘ayprotein

~ry Yas visible in the raw sausage compared with the control sausage, and this was present both as
NS IraItJ-Cles and as a dispersed network between the rusk and meat pieces. The soya spray-dried
T, ey € Seen inside muscle tissue as well as between particles of rusk, fat and muscle. Some evidence

Q) . . : :
N ing fte:mlslon was seen in this sausage. The cooked sausage contained a continuous protein network

\ ¢ fat and form.ng a continuous boundary around the rusk pieces.
3to
Litt Starch
Fa lQ Q3
t (% lspe
Q% L Tsed
th kgq m&inl
Y o Rug

we

Protein network was present in the raw sausage. Potato starch was visible as intact grains.
Y Present in cells, but areas of free fat were visible along with fat trapped in a matrix in the
Upon cooking, the potato starch grains has swollen and to some extent joined together, but

"&re Age
& 90t gen ;
\wheat erally continuous.
Y floyr
N
t A Ty

g, Sa
iy, Vg “Sac 3
%lat Ang inée appeared similar to the control sample, consisting of intact rusk pieces, areas of muscle
N ¢ t act fat cells. Some dispersed network of mainly starch was also seen and the network contained

C &
€lls in both raw and cooked sausages.
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4% soya isolate + 4% potato starch + 2% wheat flour

39
The raw sausages consisted of a considerable amount of dispersed protein with isolated fat cells trapgiry
the matrix. Some areas of fine emulsion structure were visible. The soya spray-dried particles were
evident, possibly more so than in the sausage containing 4% soya isolate, most likely indicating less fgﬂy
hydration. In the cooked sausage, large areas of protein network were seen, trapping fat and starch-
tissue, rusk and muscle were broken up by protein and the fatty tissue cell walls were broken down-

GENERAL DISCUSSION

The three functional ingredients were present in the raw sausages as either dispersed protein Or SCBFEZ

as intact particles. The soya, even though this was pre-hydrated, did not completely disperse from 1re5wﬂ0
particle structure. The potato starch was present as dispersed and intact grains and the wheat was E &ﬂt
as a combination of rusk-like or cellular aggregates and simple grains. The functional ingredients ﬂﬁlﬁ
be found between the rusk, muscle and fatty tissue structures, except the soya, which was also fo?nd esﬁﬁp ‘
areas of muscle tissue. Soya appeared to behave differently from the other two ingredients in this g ceﬂz
Soya has been shown by a gold-antibody-labelling-technique in other studies to be found in the muscloluﬂw’
of finely comminuted products such as paté,(Groves, 1990). The soya appears as a banded structur€ £ mayv
the repeating pattern of the sarcomere, inside muscle tissue. This ability of soya to bind to musC
related to its obvious functional effects in sausages identified in the present study. Where soy2 ¥
present there was more of a connecting protein matrix and the rusk and fat components appeared to be
surrounded by a protein layer.

; 50
Cooking highlighted structural differences seen between the ingredients, with increased protein dlsyg}rﬁ
seen in sausages containing soya, and fat coalescence occurring in sausages without soya. With 5°Ya'esoﬁﬁ
fat tended to be trapped in the protein matrix. When potato starch was present with soya isolatér ogt;g
protein particles appeared less hydrated, probably because of competition for water between the pot? 3
and soya. This effect was less noticeable with wheat flour present with soya. Potato starch also @
prevent meat protein dispersion, possible also by restricting the water available to hydrate the mey
protein.

Soya particles when hydrated lost a certain amount of protein into the surrounding areas and heac;ZZm
increased this dispersion. The cooking loss results showed that soya had the most significant ef

causing a reduction in both water and fat losses. This observation is supported by the structufalless

appearance of sausages containing soya, which consisted of a well-dispersed protein network. Theur on
significant interactive effects of soya isolate and potato starch, and soya isolate and wheat £1o nceof
cooking losses (Table VI) are possibly due to the level of hydration of soya achieved in the prese

various amounts of the other ingredients. te
. c0l?

18
The splitting of sausages during cooking was most severe at intermediate levels of addition of Sozaflmﬂ‘

and potato starch and no splits were observed in sausages containing 2% potato starch and 1% whea 0 o
The reasons for the splitting effects are complex but are likely to be related to the state of W@ =
sausages (Barke,Maughan & Ranken, 1982).
oD ;ﬂg Of
The results of the sensory analysis show that the textural characteristics of sausages, like the Cl veﬁf
0

losses, are mainly influenced by soya isolate, but also to a lesser extent by potato starch. The =
wheat flour used had little effect on the texture or flavour characteristics of sausages. High lev

soya produced a reduction in stickiness and softness, as well as causing an increase in chewinessl)moﬂ
toughness of skin. These sensory characteristics are probably due to the ability of soya to absof,to,
water than the rusk it replaced in the recipe and to gel. In fresh sausage formulations the water

ratio is usually about 2:1,whereas the water-to-soya ratio is usually about 4:1. &ﬂ&

The control sausage used in this study had a water-to-rusk ratio of 2.1:1, whereas the sausage tha4_
4% soya (batch B, Table III), had a water-to-rusk ratio 1.4:1, assuming a water-to-soya ratio of
Therefore, this reduction in water available to hydrate the rusk and meat protein (including theand b
sausage skin), coupled with the presence of a greater proportion of a connecting protein matri* 0 |
rusk content, appears to reduce the stickiness and softness and increase the chewiness and toughn® moﬂ
Soya also reduced the greasiness of the sausages, a characteristic consistent with the presence

finely emulsified fat. lﬂe
igh
pig |
Potato starch and wheat flour had much less effect on sensory characteristics than soya, but the |
of starch (4%) reduced stickiness. 51
29% !

Overall, it appears that the main trends observed related to the textural characteristics of the ii OW”A
and soya isolate had the greatest effect on these trends. Starch levels had little effect on ele
did have an interactive effect with isolate levels (i.e. the trend observed was dependent on the ﬂ’w
both starch and soya). The state of soya hydration and its interaction with meat protein appedr’ 'mﬁr
important features of the structure of the sausages. Other structural considerations found tO
factors influencing the texture of sausages include - the extent of matrix present; the effect © 2
surrounding the rusk pieces on their swelling during cooking; and the extent of protein dispersi?
fat as a fine emulsion and to gel to provide a firmer texture.

pas > 4¥
The sausage formulation selected to assess the performance of the functional ingredients Cle?flyo the
significant effect on the results of this type of evaluation. It is not possible to generaliS®€

|
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r

g
°ffe °f sausa

%, Unctj o, 5 ge formulations used in the UK; however it should be possible to generalise about the effects
in St na

¢ aus ingredients in sausages. The trends identified in this study should therefore be relevant to
y t, 39e formulations. The magnitude of the effects is likely to vary with factors such as lean meat,

A
fy,. "ate T
’ ﬁ?ﬁﬁonai-and rusk contents. In addition, the energy input into the chopping procedure will also affect the
it SNy ity of the ingredients. More energy is likely to increase the solubility of protein and starch.
ts of sausage manufacture require further investigation.
SIong
|
Oya j
0l o pols°1ate had a major effect on the textural characteristics and also in reducing the cooking losses
: ) Tk and beef sausages, whereas potato starch and wheat flour showed much less effect.
e '
tv S 8
ﬁe \ Oya isolate level increased, the stickiness, softness and greasiness of the sausages were reduced
;v 3 © chewiness and toughness of skin were increased.
2 B Th
5 e
Qﬂ Sticigly effect of potato starch on the sensory properties of the sausages was to reduce their
Lt nessg
¢ 3
[ T Wi
Sat :
EVQleIOUr had little or no effect on the sensory characteristics of the sausages, although lower
ren og wheat flour were examined compared with the levels of soya and potato starch in line with
§ t industrial practice.
0 Tuctura) £ |
2 eatures found to influence the coking performapce and texture of the sausages were:
i (1)
Z)
f;d‘ the state of soya hydration and its interaction with meat protein;
A (14)
f& the extent of continuous matrix present;
{335
)
the extent of protein surrounding the rusk pieces and its effect on rusk swelling during cooking;
(iv)
;hi extent of protein dispersion to trap fat as a fine emulsion and to provide a firmer texture by
elation.
gy,
Es'
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