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fun
properties of soya isolate, potato starch and wheat flour in British fresh sausages have been 

r Tbese ingredients were substituted for rusk individually and in combination in a pork and beef 
bvCr°seor>eCipe ln a statistically designed experiment. The sausage structures were examined by light 
k  4 trai cooking performance of the sausages was evaluated and the sensory characteristics assessed

°°oki ^  taste panel consisting of eleven assessors. Soya isolate was found to have a major effect on 
,J* Performance and texture of the sausages with potato starch and wheat flour having a much lesser 

 ̂̂ scus 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.

¡Stt
t^in9redients such as milk proteins, plant proteins and polysaccharides are often added to meat 

^lan-vi SOlve Problems such as shrinkage and distortion during coking and to modify eating quality (Comer 
(jJt4asin °jtas, 1988). Cost is a major factor influencing the use of non-meat ingredients, but there is an
^r^es, i awareness of the potential benefits of using functional ingredients to improve product quality 
5 Polys 0 9 However, there is a 

Tĵ tcharides in meat products.
However, there is a general lack of knowledge of the specific role of functional proteins

characteristics of a range of British sausages have been documented by Jones, Dransfield, 
Francombe (

Preparation or the formulation. Observations of the appearance of the sausages led to the
This study mainly examined commercial sausages , without identifying either the

S k > *  & j,r ^ a c t e r i s l  •v'S) of Francombe (1989).
clusiQn >̂reParation or the _____________ _____________ _________ „ _______ _______ ______ =______ ___

^ ® ltPecte<jthat the effects of comminution on eating quality could override those of formulation. This is to 
ProdUc.S'1'nce meat particle size is clearly an extremely important factor controlling the texture of all 
4ot s - However, the influence of functional ingredients on product eating quality is less clear and 
^  en documented.

of the properties and interactions of meat and non-meat proteins and polysaccharides in 
r4dient.s ° ttleir effects on the aqueous and fat phases, should enable more careful selection of the 

ior improving product quality.
V ff>UtPose

ibis study was to identify the effects of functional ingredients on the appearance, cooking 
^  °f the eating quality of British Fresh sausages. Before experimental work was begun, a survey was 

fhHCti0113! ingredients, among the Fooi RA Meat and Fish Products Panel Members, to 
*•>9^  from th range °f ingredients currently used in the industry. Three ingredients were selected for this 
'W^ients 6 results of the survey and these were soya isolate, potato starch and wheat flour. These

Were substituted for rusk, individually and in combination in a pork and beef sausage recipe in acompo,.,.lte statistically designed experiment. 

^  HKTHODS

^  h K_toten Cn a*-e al'd the pork jowl diced into 2.5 cm cubes. The meats were vacuum-packaged and 
Or» , a': ~30°C and transferred to a freezer at -18®C until required. The meats were thawed at

¡■W5 ''M ve <80% visual lean' VL)' P°rk C40 VL), pork rind (90 VL), beef flank (70VL) and beef clod
^4S(.9*' a -> ,re °btained fresh from a local abattoir 24-48 h post-mortem. The pork shoulder was minced

ft r. rbre 
use bowl chopping. The rind was steam-cooked for 30 min, cooled and minced through a 4 mm plate

2®C for

9rist) was obtained from RHM Ingredients Ltd.

recovered meat (MRM), 75 VL, was obtained frozen from Perimax Meat Co. Ltd.

S  ’ *

Was^e^ s ® obtained from Lucas Ingredients Ltd. and was Honey Roast Pork plain (No. 5091). The seasoning 
. ^  drinjUm cbloride, sucrose, triphosphate, dextrose, sodium sulphite, wheatflour, spices, ascorbic
S a . ^  boney.
t̂ ut.ls°fate

fr0^°°E was obtained from Protein Technologies International. Trident Emblem heat-treated wheat 
$ ^ 4°hs 0fJaS Bowman & Son btd and Farina potato starch was from Tunnel Avebe Ltd. The approximate

. the ingredients is shown below:

iOUf
9a

* V i f

91.5% protein 
<0.1% protein 
B-11 % protein

5.5% moisture 
<21% moisture 
15% moisture

3% sugars 
78% starch 
72.5-73% starch 1-1.5% cereal gum

Ucture
CiPa fo r  f-u16 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 isolat® 
flour and potato starch) are listed in Table II. These levels were selected in view of the results o 
survey of typical usage levels by the industry.

lit»1.0¿¿i
The chopping procedure for the sausages is illustrated in Fig. 1. Also indicated are the methods of 
of the non-meat ingredients. The ingredients were chopped in an Alexanderwerk 20-1 bowl cutter and f1 jg"» 
into Devro 280 casings in a Handtmann VF10 vacuum filler. The sausages were blast frozen and stored a 
before use.

TABLE I
Control pork and beef sausage recipe

TABLE II
Ingredient Amount (%) Levels of non-meat ingredients

Pork shoulder 80 VL 15.0 Ingredient Level of addition % .Pork jowl 40 VL 15.0 Lowest value Mid-value Hi9heBeef flank 70 VL 7.0
Cooked rind 90 VL 4.0 Soya isolate 0 2 *Beef dod tat 5 VL 5.0 Potato starch 0 2 oPork MRM* (75 VL) 6.0 Wheat flour „ 2 0 1
Seasoning 2.5
Water/ice (1:1) 31.0
Rusk 14.5

Total 100.0

Total meat content 51.1

Lean meat content 30.58
Fat content 20.52 1

VL - % visual lean
'  estimated meat content 85%

P re hydrated soya 
isolate

1:5 (soyarwater)

Half pork shoulder + beef flank 
+ pork MRM -t- pork rind + 

seasoning

Chopping speed 
and time

slow 15 s 
fast 15 s

Half water/ice
slow 10 s

Pork jowl + clod fat
slow 15 s

Half pork shoulder + half water/ice
slow 10 s

Potato starch------------------------------- Rusk
wheat flour slow 10 s 

fast 10 s

Stop
Total time 1 min 25 s

Fig. 1 Sausage chopping procedure
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els ° f  the non-meat ingredients fo r  each batch o f sausages prepared is  shown in Table I I I

TABLE III
Non-meat ingredient levels in all sausages examined

fetch Code
Soya isolate

Ingredient amount (%)' 
Potato starch Wheat flour

(c o n tro l)

added in replacement o f part o f the rusk

tysis

â£ation

cooked from frozen on a pre-heated e le c t r ic  g r i l l  fo r  30 min, being turned every 7.5 min. 
a9es were cut in  h a lf and served immediately to  the sensory panel.

The

-âsse;SSJent

S i  61 Of
i e êven experienced sensory assessors was used to  evaluate the f i f t e e n  samples. Samples were 

^individual taste  booths under a r t i f i c ia l  daylight illum ination and at a con tro lled  a ir

s ±2n
C) .

-terms

sessions were held to develop a vocabulary to  describe important sensory
rQ

discussion — --- — — - —- — — — —v. -^ ^  Uco«.a auc lwh. j
6i:aiilrie^Cs the samples. A l l  samples were used fo r  the derivation  o f terms. Textural characteristics  

fije in the f i r s t  few discussion sessions and then as the panel became more fam ilia r with the 
k^tes w Were able to  examine appearance and flavour ch aracteris tics . In to ta l, eighteen sensory

Were derived (nine textu ra l and nine flavour terms).

N *
nel

, - u '̂ Il-'-hg sessions were held. At each session pan e llis ts  received  three samples o f sausages; samples
' s Ver 6  re used as tra in ing  samples. The sensory characteris tics  ( i . e .  eighteen a ttr ibu tes ) o f the

scored using a 15 cm unstructured lin e  sca le on a form.

Itv
V S  andP ro filin g  sessions c7'Qrie the cnnfr^i
V».

were held over a period o f s ix  weeks.
control sample X. This fa c i l i t a te d  a comparison between a l l  samples. 

mes whereas a l l  other samples were assessed in t r ip l ic a te .

At each session p an e llis ts  assessed two 
Sample X was assessed

Of ^av
cooked sausages were frozen  in liqu id  n itrogen and frozen sections cut at -25°C.

9 ÍQs
¡ f e .  - Were determined on four sausages from each batch. The sausages were cooked from frozen by

d Pre-heated e le c t r ic  g r i l l  fo r  30 min, being turned every 7.5 min and cooled fo r  2 min before

°bsiThe fa t  lo s t  during cooking was co llec ted  and weighed and the water loss was calcu lated by 
,ervations were a lso  made o f the number and sever ity  o f s p lits  in the sausages during cooking.
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RESULTS AND DISCUSSION 

Sensory Analysis

The sensory a ttribu tes , fo r  which s ta t is t ic a l ly  s ign ifican t d iffe ren ces  (p<0.05) were found, related 
general to  the texture o f the sausages, apart from meat flavour and pepper a fte r ta s te . A ttributes *** jjf
in  Table IV in  decreasing order o f the s ta t is t ic a l  s ign ificance o f a simple comparison o f a l l  treatmen^ 
ANOVA. D ifferences between sausages were found in  nine o f  the eighteen a ttr ibu tes . The attribu tes apaft 
no s ta t is t ic a l ly  s ig n ific a n t d iffe ren ces  were found re la ted  in  general to  the flavour and a fte rta s te , 
from bready texture and coarseness o f texture.

TABLE IV
Sensory attributes that showed significant differences between sausages

Attributes Significance level

The a ttribu tes  l is te d  
in  sensory properties

Stickiness
Greasiness
Softness
Meat flavour
Toughness o f skin
Moistness
Chewiness
Pepper a fte r ta s te

***
**

**
**
*
*
*

(p<0 . 0 0 1 ) 
(p<0 . 0 1 )

(p<0.05)

in  Table IV were analysed further using m ultiple lin ea r regression to  determine 
due to  the soya iso la te , potato starch and wheat flou r .

The r e la t iv e  importance o f the lin ea r, quadratic and in te ra c tive  estimates fo r  the sensory attributes 
summarised in  Table V. This tab le  can be used as a guide to trends in the performance o f the three  ̂ ¿jj 
ingredients. S ign ifican t lin ear terms ind icate that a lin ear re la tionsh ip  ex is ts  between the parame 
question and the sensory a ttr ib u te . S ign ifican t quadratic terms ( I 2, S2  and F2) suggest that the 
re la tionsh ips between ingredient le v e l and sensory response is  cu rv ilin ea r. S ign ifican t in teraction  ^  
(IS , IF and SF) ind icate that the re la tionsh ip  between the response and one o f the two factors invo 
the in teraction  is  dependent upon the le v e l o f the other fa c to r.

TABLE V
Relative importance of the parameter estimates for sensory attributes

Sensory attribute Linear Quadratic Interaction
I S F I2 S2 F2 IS IF

Stickiness A** A" - - - - - •
Greasiness A** A*** - - - - •• -
Softness A** A* - - - -
Meat flavour - - *** - - - -
Toughness of skin Î * - - - * -
Moistness A* - - - - -
Chewiness Î* * * - - » * • - - -
Pepper aftertaste - - - * ■ ■

I -  soya isolate — p  <0.001
S = potato starch •• p<0.01
F = wheat flour * p  <0.05
Arrows indicate increasing (T) or decreasing (J.) relationship of sensory attribute

I t  can be seen from Table V that wheat flou r  had l i t t l e  e f fe c t  on the sensory perception o f the sa'iS,
;a9eS'

o fPotato starch mainly decreased the greasiness and, to  a lesser extent, decreased the stick iness 
sausage. However, soya is o la te  had the grea test e f fe c t  on the sensory ch aracteris tics . Increasing ^  
le v e ls  reduced stick iness, greasiness and softness and increased the toughness o f skin and chewineS g(e$ 0t 
sausages. Generally, soya is o la te  le v e l influenced the textu ra l ch aracteris tics  o f the sausages t 0  
extent than the potato starch and wheat f lo u r . Soya was the only ingredient to  in fluence the meat 
the sausages.

In  general, increases in  e ith er soya is o la te  or potato starch le v e ls  were lin ea r ly  re la ted  to  reduC®^ati0 
stick in ess  and greasiness. There a lso  appears to  be an in teraction  between the soya and starch in^ cre^! i 
to  greasiness. Soya is o la te  was found to  have a lin ear e f fe c t  on softness. As the is o la te  le v e l 
there was a general reduction in  softness. The re la tionsh ip  between soya le v e l and meat flavour P -d ty  
cu rv ilin ea r response, with flavour scores lower a t 2 % soya compared with no soya, fo llow ed  by inCf . ^
flavour score a t 4% soya. The is o la te  le v e l a lso has an e f fe c t  on the toughness o f the sausage sk 
is o la te  le v e l increased the skins were perceived as being tougher.
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jlr‘i»ilm|Syn<rss o f the sausages was a ffec ted  by an in teraction  o f wheat flou r and soya is o la te . Maximum and
llJtages alues o f moistness were recorded fo r  0 and 4% iso la te , respective ly , at the 2% wheat flou r le v e l. 
I,ct6aSedWere Perceived as being more chewy ( i . e .  more d i f f i c u l t  to  break down) as soya is o la te  leve ls  
M a te (2 * The a fte r ta s te  perceived a fte r  swallowing was found to  be grea ter fo r  the m id-level o f

'i. t l̂an the lower and higher le v e ls . The presence o f g r is t le  was perceived to  be greater at the 
( 2 %) than at the lower and higher le v e ls  o f starch.

^  the r Cookin9 losses fo r  a l l  o f the batches ranged from about 16 to 23%. The data were treated by ANOVA 
¡¡Mitig ^ sult s  o f th is  analysis are summarised in  Table V I. Linear decreases in  water, fa t  and to ta l 
lJMf ican^SeS Were brou9ht about by addition o f soya is o la te , and these cooking loss reductions were the most 
•■tf act io  ° f  a l l  the re su lts . Wheat flou r  caused a small increase in  fa t  and to ta l cooking losses.

° ns were id e n t if ie d  between is o la te  and potato starch and is o la te  and wheat flou r , and these mainly 
water and to ta l cooking losses.

TABLE VI
Statistical analysis of cooking loss results

Cooking Linear Quadratic Interaction
Loss 1 S F I2 S2 F2 IS IF SF

Water 1*" ** **

Fat i— T" • •

Total i*** T- •* **

1 - soya isolate — p  <0.001
S - potato starch *• p  <0.01
F - wheat flour # p <0.05
Arrows indicate increase or decrease in cooking loss, for linear relationship, in relation to control 
sample.

ft
Of 1  Performance resu lts showed a c lu ster o f severe s p lit t in g  e ffe c ts  in the mid-range o f addition

is o la te  and potato starch. The amount and severity  o f s p lit t in g  was lower at the extrem ities 
evels  o f a l l  three ingred ien ts. No s p lits  were observed in  sausages containing 2% potato starchwheat

X : Of

flou r.

the structures o f se lected  sausage samples seen under the l ig h t  microscope is  presented below.

^ consisted o f coarse rusk pieces with muscle and fa tty  tissue ’ squeezed' between them.
M  Protein  was seen and some fre e  fa t ,  which did not appear to  be bound by protein  but was bound

ar0, er co°k ing l i t t l e  network was present and the structure was very coarse. However, some protein 
o and inside the rusk and th is  trapped some o f the fre e  fa t .

M ied  '*as v is ib le  in  the raw sausage compared with the control sausage, and th is was present both as
Wê r t i c le s  and as a dispersed network between the rusk and meat p ieces. The soya spray-dried

, ltler e seon inside muscle tissu e  as w ell as between p a r t ic le s  o f rusk, fa t  and muscle. Some evidence 
v free sion was seen in th is  sausage. The cooked sausage contained a continuous protein  network 

at forming a continuous boundary around the rusk p ieces.

«ai,ïrsed Protein  network was present in  the raw sausage. Potato starch was v is ib le  as in tact grains.
Present in cells, but areas of free fat were visible along with fat trapped in a matrix in

«■> * U D O n  P A A l r  ■ T"l /"T f  £~x i  i  n  n  V, “1 r* 1 1 a m  ♦* /\ m a m a  a «/4* a a 4- a  a  m a t ? 4- a a a ^ U a m  Vvi -n0f  uPon cooking, the potato starch grains has swollen and to  some extent joined together, but 
genera lly  continuous.

the

int appeare<l  s im ilar to  the con tro l sample, consisting o f in tact rusk p ieces, areas o f muscle 
fat fa t  c e l ls .  Some dispersed network o f mainly starch was a lso seen and the network contained

is  in  both raw and cooked sausages.
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4% soya is o la te  * 4% potato starch + 2% wheat flou r

capped 'r‘
The raw sausages consisted o f a considerable amount o f dispersed protein  with iso la ted  fa t  c e l ls  t i  v vgry 
the matrix. Some areas o f f in e  emulsion structure were v is ib le .  The soya spray-dried pa rtic les  were 
evident, possibly more so than in  the sausage containing 4% soya is o la te , most l ik e ly  indicating 
hydration. In the cooked sausage, large areas o f protein  network were seen, trapping fa t  and starcn- 
tissue, rusk and muscle were broken up by protein  and the fa tty  tissue c e l l  walls were broken down.

GENERAL DISCUSSION
arch ̂

The three functional ingredients were present in  the raw sausages as e ith er dispersed protein or s 
as in tact p a r t ic le s . The soya, even though th is  was pre-hydrated, d id  not completely disperse f ro® pres«ft(
p a r t ic le  structure. The potato starch was present as dispersed and in tact grains and the wheat was  ̂
as a combination o f rusk-like or c e llu la r  aggregates and simple grains. The functional ingredients 
be found between the rusk, muscle and fa tty  tissue structures, except the soya, which was a lso found
areas o f muscle tissu e. Soya appeared to behave d if fe r e n t ly  from the other two ingredients in  tn i cel l ' 
Soya has been shown by a go ld-antibody-labelling-techn igue in other studies to  be found in  the mus 
o f  f in e ly  comminuted products such as p â té , (Groves, 1990). The soya appears as a banded structure 
the repeating pattern o f the sarcomere, inside muscle tissue. This a b i l i t y  o f soya to bind to  mus  ̂
re la ted  to  i t s  obvious functional e f fe c ts  in  sausages id en tified  in  the present study. Where s°Ta 
present there was more o f a connecting protein  matrix and the rusk and fa t  components appeared to 
surrounded by a protein  layer.

0«
■ peiSl'

Cooking h igh lighted structural d ifferences  seen between the ingredients, w ith increased protein  d i .
seen in  sausages containing soya, and fa t  coalescence occurring in  sausages without soya. With * sy  
fa t  tended to  be trapped in  the protein  matrix. When potato starch was present with soya iso la te , ^  jt* ( 
protein  p a rtic le s  appeared less  hydrated, probably because o f competition fo r  water between the P° 
and soya. This e f fe c t  was less  noticeable with wheat flou r  present with soya. Potato starch a^S° e3t 
prevent meat protein  d ispersion, possible a lso  by r e s tr ic t in g  the water ava ilab le  to hydrate the ® 
protein .

Soya p a rtic le s  when hydrated lo s t  a certa in  amount o f protein  in to the surrounding areas and heatJ2ct, 
increased th is  d ispersion. The cooking loss resu lts  showed that soya had the most s ign ifican t el- 
causing a reduction in  both water and fa t  losses. This observation is  supported by the structura g 
appearance o f sausages containing soya, which consisted o f a w ell-d ispersed protein  network. The
s ign ific a n t in te ra c tiv e  e f fe c ts  o f soya is o la te  and potato starch, and soya is o la te  and wheat f l °  ^ g of
cooking losses (Table V I) are possib ly due to  the le v e l o f hydration o f soya achieved in the prese 
various amounts o f the other ingredients. ^

iS °^
The s p lit t in g  o f sausages during cooking was most severe at intermediate le v e ls  o f addition of 
and potato starch and no s p lits  were observed in sausages containing 2 % potato starch and 1 % whea v
The reasons fo r  the s p l i t t in g  e ffe c ts  are complex but are l ik e ly  to  be re la ted  to  the sta te  o f wa 
sausages (Barke,Maughan & Ranken, 1982).

The resu lts  o f the sensory analysis show that the textu ra l ch aracteris tics  o f sausages, l ik e  the êve15,
losses, are mainly influenced by soya is o la te , but a lso  to  a lesser extent by potato starch. The ^  o
wheat flou r used had l i t t l e  e f fe c t  on the texture or flavour ch aracteris tics  o f sausages. High 
soya produced a reduction in  stick iness and softness, as w ell as causing an increase in  chewiness 
toughness o f skin. These sensory ch a racteris tics  are probably due to  the a b i l i t y  o f soya to  abso 
water than the rusk i t  replaced in  the rec ipe and to  g e l. In fresh  sausage formulations the wat®r 
ra t io  is  usually about 2:1,whereas the water-to-soya ra t io  is  usually about 4:1.

The control sausage used in  th is  study had a water-to-rusk ra t io  o f 2.1:1, whereas the sausage that c& v

4% soya (batch B, Table I I I ) ,  had a water-to-rusk ra t io  1.4:1, assuming a water-to-soya ra tio  
Therefore, th is  reduction in  water ava ilab le  to  hydrate the rusk and meat protein  (including the (ed’’ 
sausage sk in ), coupled with the presence o f a grea ter proportion o f a connecting protein  matrix an“  ̂ 0f
rusk content, appears to  reduce the stick iness and softness and increase the chewiness and toughh®  ̂ g0j-e 
Soya also reduced the greasiness o f the sausages, a ch aracteris tic  consistent with the presence
fin e ly  em ulsified  fa t .

Potato starch and wheat flo u r  had much less e f fe c t  on sensory ch aracteris tics  than soya, but the 
o f  starch (4%) reduced stick iness.

hi^ l«v

O vera ll, i t  appears that the main trends observed re la ted  to  the textura l ch aracteris tics  o f the ^  ¡f/1’^ 
and soya is o la te  had the greatest e f fe c t  on these trends. Starch le v e ls  had l i t t l e  e f fe c t  on th 
d id  have an in te ra c tiv e  e f fe c t  with is o la te  le v e ls  ( i . e .  the trend observed was dependent on t° ^
both starch and soya). The s ta te  o f soya hydration and i t s  in teraction  w ith meat protein  appe3^  
important features o f the structure o f the sausages. Other structural considerations found to ^  
fa c tors  in fluencing the texture o f sausages include -  the extent o f matrix present; the effect- ^0 
surrounding the rusk p ieces on th e ir  sw elling  during cooking; and the extent o f protein  dispers 
fa t  as a f in e  emulsion and to  ge l to  provide a firm er texture.

h*s ! /
The sausage formulation selected  to  assess the performance o f the functional ingredients c le a r ly ^  ^  
s ig n ific a n t e f fe c t  on the resu lts  o f  th is  type o f evaluation. I t  is  not possib le to  genera lise
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^ V ct SaUSage formulations used in the UK; however it should be possible to generalise about the effects 
j°st sae^0nal in9redients in sausages. The trends identified in this study should therefore be relevant to 
j4'. Wateage formulations. The magnitude of the effects is likely to vary with factors such as lean meat, 

ioriai.and rus,t contents. In addition, the energy input into the chopping procedure will also affect the 
-Se as '¡'fy °f the ingredients. More energy is likely to increase the solubility of protein and starch. 

pec^s °f sausage manufacture require further investigation.
V o s

Of a folate had a major effect on the textural characteristics and also in reducing the cooking losses 
r*t and beef sausages, whereas potato starch and wheat flour showed much less effect.

As soana (.u3 is°late level increased, the stickiness, softness and greasiness of the sausages were reduced 
e chewiness and toughness of skin were increased.

effect of potato starch on the sensory properties of the sausages was to reduce their

V e i s 0̂ur l̂ad little or no effect on the sensory characteristics of the sausages, although lower 
Cupj. °f wheat flour were examined compared with the levels of soya and potato starch in line with 

t industrial practice.
St,Ihct

(i)

<fi)

(iU)
(iy)

'Ural features found to influence the coking performance and texture of the sausages were: 
fhe state of soya hydration and its interaction with meat protein; 

ttle extent of continuous matrix present;

tlle extent of protein surrounding the rusk pieces and its effect on rusk swelling during cooking; 

the extent of protein dispersion to trap fat as a fine emulsion and to provide a firmer texture by
Relation.
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