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SUMMARY: Non-meat protein concentrates are used in meat 
products to improve the nutritive balance and nutritive 
value o f sausages, and to promote the formation of the meat 
stuffing properties, and, eventually, to .i& fluence  ̂ ® to 
quality o f the end product. That is why i t  is  necessary 
study their functional properties. The subject o f the pre
sent work is  the emulsifying ab ility  o f a sunflower Protein 
concentrate in relation  to a number of factors. The e ffe

these factors was studied at three leve ls . The Proce 
° f  emulsification was purposefully optimized by fu ll-iac^or 
experiment in order to determine those factor values where 
the emulsions are stable. The following relationship ior 
the amount o f unbound liqu id  phase (y, cm ) separated du- 
xiug emulsion centrifugation was established as well as the 
optimum values of the studied factors giving stable emul
sions: y= io .52+0 . 47x 1-0 .094x2- 3 .72x3-0 . 29x1x2- 0 . 14x1x3-

• 1 .65x x̂9x .̂

INTRODUCTION: I t  is  well known that non-meat protein 
additives used in the production o f sausages should possess 
a number o f functional properties that influence the water- 
folding capacity and emulsifying ab ility  o f meat raw mate
ria ls  [Tomberg E., 1977), (Marcus F.K., 1978) and (ocheid 
D-> 1977). That is particularly important for vegetable 
Protein preparations which, as regards their composibicn 
o^d properties, often d iffe r  from meat raw materials, i t  n  
also known that proteins (animal and vegetable), being 
surface-active substances, can form emulsions in a water- 
xat-protein system, and decrease the surface stress o f the 
Pxase interface (Hutton et a l. ,  1977).

The emulsifying properties o f the protein preparations 
Rationed above are important when the la tte r  are used, as 
fÛ ritive  components. They assist the formation o f water- 
atty emulsions, and stab ilize  the emulsions already iorm- 

®d, and play the ro le o f a protective barrier_around the _ 
atty droplets preventing their fusion. In this way protein 

Preparations exert immediate influence on the organoleptic 
Properties and yie ld  o f the finished product. That is  par-
icu larly obvious in meat products whose technologies nece- 
sita te  preliminary addition o f water followed by heat 

treatment.
MATERIA.LS AND METHODS: The studies were carried out with 

sunflower protein concentrate that was obtained from sun- 
ower seeds a fter o i l  separation. The product that remain— 

27qafter the o i l  separation was milled to grain size 190- 
. The concentrate had the following composition: 

er ~ 8 . 1 %; protein (fo r  absolutely dry matter) - 45.5%;
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crude o i l  (absolutely dry matter) - 2.1%; nutritive fib res 
(absolutely dry matter) - 13.1%.

The above concentrate was used to prepare protein-fatty 
emulsions with protein :fa t (pork fa t ) base ratio. 1:5. The 
emulsifying a b ility  o f the concentrate and the s tab ility  o f 
the emulsions were tested in relation  to the e ffect o f the 
following factors: amount o f added water, amount o f sunflow 
er concentrate, and emulsion treatment (em ulsification) 
time. Thememulsions were prepared in a laboratory mixer at 
3 000 min'* .

The e ffec t o f the amount of^added water was studied at 
three leve ls : 25, 30 and 35 cm. . The e ffec t o f the amount 
o f sunflower concentrate was also studied at three leve ls : 
5,6 and 7 g; and the treatment time factor was studied for
3, 5 and 8 min.

The emulsifying ab ility  o f the protein preparation and 
the e ffec t o f each o f the above factors were established by 
a single-factor analysis o f variance (Bondar A.G. et a l.,  
1976), and the emulsion s tab ility  was determined by Kosin's
method (Kosin N .I., 1966).

In order to find out the factor values where the emul
sions w ill be stable, we made fu ll  factor experiment plan
ning and optimisation o f the emulsifying process by Box-
Wilson's method (Schwart D., 1969).

RESULTS AND DISCUSSION: 1. E ffect o f the amount o f added 
water. As already mentioned, this factor was studied at 
three leve ls . The results axe given in Table 1.

Table t

Amount o f 
added .¿water 

(crar )
25 30 35

No X1
T ~

X1 x2 4 *3
T “

1 11.0 121.0 12.4 153.8 14.3 204.5
2 11.0 121.0 12.4 153.8 14.3 204.5
3 11.3 127.7 11(.6 134.6 13.6 185.0
4 11.3 127.7 11.6 134.6 13.6 185.0

x , x 9 x = the amount o f liquid phase separated at emulsi 
' on centrifugation.

STRj=148.4; 2TPd=1 852.9; 5TRj2=7 406.8
p=factor number; q=number o f pa re lle l tests 
ot=0.05 - confidence leve l
ss=17.71; SSb=16.49; SSw=1.22
MSb=8.24; MSw= o .u ; ystudied=60-62

L r i t .  /=£■! P-U P U - 1 )/ = 4.26
E , ,. , F . , i . e .  the studied factor influences thestudied c n t .
emulsifying process. The additional verifica tion  proved that 
this factor influences the process at any le ve l.
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2. Effect o f the amount o f the sunflower concentrate. 
The results for the e ffe c t"o f this factor are given in 
Table 2.

Table 2

Amount o f 
Sunflower 
Ooncentrate 
----

5 6 7

No X1
x2X1 X2

~T~x2 X3
2

x3

1 1 1 . 0 121 .0 10.4 108.2 11.5 132.25
2 11 .0 121 .0 10.4 108.2 11.5 132.25
3 11.3 127.7 10.1 102.1 11.9 141.61
4 11.3 127.7 10.1 102.1 1 1 . 9 141.61

^studied’  37.11; h r i t .=  4’ 26

^studieb^* ^crit i , e  ^ i s  fac‘tor also has 3X1 on the
emulsification process. The additional verifica tion  also 
established that this factor is  expressed at a ll  leve ls ,

3• E ffect o f emulsion treatment (em ulsification) time,. 
ae results are given in Table 3.

Table 3

EmulsificationTime

X.

8

X- X.

1 1 1 . 0 121 .0 12.0 144.0 12.7 •161.3
2 1 1 . 0 121 .0 12.0 144.0 12.7 161.3
3 11.3 127.7 1 1 . 8 139.2 12.3 151 .3
4 11.3 127.7 1 1 . 8 139.2 12.3 151.3

P =57.19 • P • 4. =4. 26
studied ' 5 c n t .

F
studied F .. i . e . the factor influences the emulsify-' 

ln£ process, and its  influence is  expressed at a ll  le ve ls .
4. Pull factor experiment. After we had established the 

f ' + c  ̂ 0f  the studied factors we proceeded towards a fu ll 
actor experiment. The center o f the experiment planning 

v selected by us was a point with the follow ing factor 
atues: amount o f added water - 30 cnr; amount o f sunflo- 
r concentrate - 7 g; emulsification time - 6 min. 

sunr1! Was ■̂tie amount o f added water, x« - the amount o f 
acc +Wer concentrate, and x , - emulsification time. We 
w corresponding factor variation intervals that

e marked as follows: ¿ ^ = 5  cm3, ^X£=3 g, Ax^=3 min.
rn~+f? r experiment, planning we used the following theoretic 
rnat r ix (Table 4 ).

753



Table 4

NO xo X1 X2 X5

1 1 1 1 1
2 1 -1 1 I
3 1 1 -1 1
4 1 -1 -1 1
5 1 1 1 -1
6 1 -1 1 -1
7 1 1 -1 -1
8 1 -1 -1 -1

Based on the above we worked out the 
matrix (Table 5 ).

experiment working 

Table 5

No 1 2 3 4 5 6 7 8
----------5-----
X , cm 35 25 35 25 35 25 35 25

x2, g 10 10 4 4 10 10 4 4

X ,̂ min 9 9 9 9 3 3 3 3

The following Table 6 gives
3

the results (cm' liquid
phase separated during emulsion centrifu gation; from the
actual experiments with two para lle l tes ts ;

T able 6

No X0 X1 X2 X3 T1
Yx2 T < (T .  -X. •¿-P m  in ) 2 S?in

1 1 1 I 1 6.6 6.5 6.55 0.005 0.0025
2 1 -1 I 1 6.' 8 6.5 6.65 0.045 0.0225
3 1 1 -1 1 14.9 15.0 14.95 0.005 0.0025 .
4 1 -1 -1 1 13.7 13.4 13.55 •0.045 0.0225
5 1 1 1 -1 7.4 7.4 7.40 0.000 0.0000
6 1 -1 1 -1 6.8 6.4 6.60 0.080 0.0400
7 1 1 1 -1 15.0 15.1 15.05 0.005 0.0025
8 1 -1 -1 -1 13.4 13.4 13.40 0.000 0.0000

The results obtained were used to calculate the follow 
ing coeffic ien ts :

bQ=10.52; b1=0.47; b2=-3.72; b3=0.094; b12=-0.29;
b13=-0.l4; b23=-0.1l; b123=-0.65

Having determined the experiment dispersion, we verified  
the significance o f the coeffic ien ts and found out that a ll 
coeffic ien ts are sign ificant.

The calculations gave us the following model fo r T - the 
amount o f the liqu id phase liberated during emulsion centri 
fugation: y=10.52+0.47x^-3.72x2~0.094x^-0.29x^xo-0 .14x^x^-
-0.11x2x3~0.65x1x2x3.
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The verifica tion  proved that the model thus composed is 
adequate and we could go on with optimization o f the s a l 
i f ic a t io n  process with optimization hase factor Xp wiuh
steP H. ,   ̂ =3 . Tile results 'from the imaginary expen-

base factor , ,
ments required by Box-Wilson’ s method are presented in
Table 7. * 8

No
h *2 X*5 x^ 2 X1X3 X2X3 xtx2x3 y ° 1  1 3 cm

C2
g

C3
min

0 0 0 0 0 0 0 0 10.52 30.0 7 6.00
1 0.6 1 0.03 0.6 0.018 0.03 0.018 6.89 31.1 10 6.08
2 1.2 2 0.06 2.4 0.072 OJ.1'2 0.144 2.83 32.1 13 6.16
3 1 .8 3 0.09 5.4 0.162 0.27 0.810-1.95 33.2 16 6.24

I t  can be seen that, a fter step 3 the result for^ y beco
mes negative. For more accurate determination o f the opti
mum where the outcome o f the emulsification process w ill 

.. he most favourable (y w ill approximate 0) we carried out 
additional imaginary experiments between steps 3 and 4 ih h  
a new step h . h . x1 . The results are given in Table8, xi= -------------

Table 8

No X

12
3
4

1 x3 Xlx2 Xlx3 x2x3 xTx2x3
cm g

3
min

1.32 2.2 0.066 2.9 0.09 0.145 0.19Î 1.96 32.22 13.2 6.16
1.44 2.4 0.072 3.5 0.10 0.173 0.249 1.06 32.34 13.4 6.17
1.56 2.6 0.078 4.1 0.12 0.203 0.317 0.15 32.46 13.6 6.18 
1.68 2.8 0.084 4.7 0.14 0.235 0.395-0.78 32.58 13.8 6.18

^It is  obvious that the best resu lt fo r y is  at G-32.46 
Cltt , 0^=13.6 g, and 0^=6.18 min, and this is  the rdsult
hhat can be accepted as the most favourable outcome o f the 
emulsification process. .

bo we can assume that the values previously indicated 
the studied factors w ill  give stable emulsions because 

?he liquid phase separated during their centrifugation w ill 
e 9  ̂ minimum amount (0.15 cnr).

Tne tendency manifested at the imaginary experiments was 
entirely confirmed by la ter actual experiments at the esta- 

ished optimum values o f the studied factors.
CONCLUSIONS: The results from our studies make possible 
conciude the follow ing: 1. On the basis o f a fu ll  factor 

périment (x-|=the amount o f the added water, cnr; Xp=the
ount o f sunflower concentrate, g; x3=emulsion treatment 
me, min) i t  was established the follow ing relationship 

.° r he amount o f the unbound liqu id phase (y, cnr) that 

.n ®®|'arahed during emulsion centrifugation: y=10.52+ 
u .47Xr-3 .7 2 X 2-o  ,094X3- 0 . 29X.,X2- 0 . 1 4 X ^ - 0 . 1  1 X ^ - 0  .65X.,X2X 5
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2. There were established the following optimum^values 
for the studied factors giving a stable emulsion with the 
sunflower protein concentrate used by us:

- amount o f added water - 26.5 %
- amount o f sunflower concentrate - 11-2
- emulsion treatment time - 6.2 min.
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