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Equation 1

AE= [(a* —a})?+ (b* —b})? + (L* — L})?
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Table 1 Selected formulations for sausage production

Std Run  Block Eac_tor 1 Factor 2 F_acto_r 3 . Factqr 4
A:Nitrite (ppm) B:Hydrocolloid (%) C: Heating time (min) D:Storage time (day)
19 1  Block 1 300.00 0.16 105 0.00
25 2 Block 1 300.00 0.00 105 24.00
24 3  Block1 156.48 1.50 105 24.00
11 4  Block 1 156.48 1.50 105 24.00
17 5 Block1 141.38 0.79 108.28 0.00
1 6 Block 1 0.00 1.50 119.53 0.00
9 7  Block 1 300.00 0.00 135 0.00
22 8 Block1 300.00 0.00 135 0.00
10 9 Block1 300.00 1.50 135 11.58
14 10 Block 1 300.00 0.95 120.55 24.00
8 11 Block 1 0.00 1.50 135 24.00
6 12 Block 1 0.00 0.00 135 4.51
2 13 Block 1 0.00 0.00 105 0.00
5 14 Block 1 244.21 0.00 135 24.00
13 15 Block 1 300.00 1.50 105 0.00
15 16 Block 1 0.00 0.96 105 12.41
4 17 Block 1 0.00 0.00 110.36 24.00
20 18 Block 1 0.00 0.35 118.49 9.00
23 19 Block 1 300.00 0.95 120.55 24.00
18 20 Block 1 109.75 0.92 123.75 15.41
16 21 Block 1 0.00 0.19 135 24.00
21 22 Block 1 0.00 1.50 119.53 0.00
7 23 Block 1 144.39 0.95 135 0.00
12 24 Block 1 183.03 0.00 116.67 9.35
3 25 Block 1 300.00 0.00 105 24.00
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Fig. 1 Changes in water activity with variations in
the amount of Basil seed mucilage powder
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Basil seed mucilage powder () 6%

Time 9.6 (dav)
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Fig. 2 Response surface graph of the susage
residual nitrite with changes in the heating time and
nitrite of formulation
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Fig. 3 Response surface graph of the susage
residual nitrite with changes in the storage time and
nitrite of formulation
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Fig. 4 Response surface graph of the susage
residual nitrite with changes in the heating and
storage time
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Table 2 Analysis of variances of the effect of formulation variables on residual nitrite of susage
samples

p- value F value Sum of squares df source

0.0001  165.30 7695.23 10 Model

0.0001  585.92 27276.11 1 nitrite-A

0.7749  0.085 3.96 1 hydrocolloid (Percent)-B

0.0001  37.88 1763.33 1 time of heating(min)-C

0.0001  492.86 22943.83 1 time(day)-D

0.6424 0.23 10.49 1 AB

0.0004  21.30 991.65 1 AC

0.0001  328.66 15300.13 1 AD

0.2677 1.33 62.03 1 BC

0.5519 0.37 17.30 1 BD

0.0018  14.85 691.07 1 CD
Equation 2

Nitrite residual =38.20+40.43A -10.77C -36.14D -9.49AC -35.22AD +7.62CD
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Table 3 Analysis of variances of the effect of formulation variables on total color changes of susage

samples
p-value Fvalue Sum ofsquares df Source
0.0001  20.65 33.03 4 Model
0.0002  19.98 7.99 1 nitrite-A
0.0001  63.40 25.35 1 hydrocolloid (Percent)-B
0.0171 6.77 2.71 1 time of heating(min)-C
0.1814 192 0.77 1 time(day)-D

AE = -1.4+06532.42490x10-3A+1.161875B+0.026701C
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clostridium count
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Fig. 8 Response surface graph of the susage
clostridium count with changes in the storage time
and nitrite of formulation
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Fig. 5 One factor graph of the total color changes
with changes in nitrite
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Fig. 6 One factor graph of the total color changes
with changes in Basil seed mucilage powder
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Table 4 Analysis of variances of the effect of formulation variables on amount of clostridium in
susage samples

p-value F-value Sum of square df source
0.121 2.10 2238.20 14 Model
0.115 2.97 226.41 1 nitrite -A
0.262 1.41 107.59 1 hydrocolloid (Percent) -B
0.309 1.15 87.47 1 time of heating(min) -C
0.899 0.017 1.27 1 time(day) -D
0.903 0.016 1.18 1 AB
0.777 0.085 6.44 1 AC
0.649 0.22 16.70 1 AD
0.498 0.49 37.62 1 BC
0.702 0.15 11.79 1 BD
0.0533 4.80 365.32 1 CD
0.046 5.16 392.72 1 A2
0.848 0.038 2.92 1 B2
0.390 0.81 61.50 1 C2
0.041 5.48 417.21 1 D2

Clostridium count =+70.4 — 76747.67294x10 - 4A>+ 0.083194D*  Equation 4
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Table 3 Analysis of variances of the effect of formulation variables on tissue stiffness of susage

samples

p-value F value Sum of squares df Source
0.0335 3.24 1.78x107 4 Model
0.8889  0.020 27588.87 1 nitrite-A
0.0021  12.40 1.71x107 1 hydrocolloid (Percent)-B
0.7142 0.14 1.9x105 1 time of heating(min)-C
0.5316  0.41 5.58x105 1 time(day)-D

Texture stiffness=4571.03 - 1328.91 B Equation5
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Table 6 Comparison of model predicted and laboratory measured results

Measured in laboratory Predicted by the software

73.79 73.08 L
2.25 3.21 a
16.06 16.22 b
2.3418 2.32 Nitrite remaining
158936 158801 Microbial load
18.2401 18.21 Clostridium
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Regarding the high sensitivity of the current consumption of nitrite in processed meat products, in
order to reduce nitrite in sausage formulation in this study, the hurdle effects of heating time, basil
seed mucilage and sodium nitrite were investigated during preservating time on qualitative
characteristics of 40% sausage by RSM method. At first section, the effect of different hurdles ( nitrite
at the range of 0-300 ppm, basil seed mucilage 0-1.5% (W/W) and heating time 105-135 min) on
qualitative characteristics of sausage including residual nitrite, color and the number of Clostridium
Perfringens and texure were investigated. In the second part, the optimization and the validity of
developed model were performed. The results indicated that the amount of residual nitrite decreased
by increasing preservation and storage time (due to the reaction between nitrite and myoglobin and the
formation of nitrosomyoglobin complex). Overall changes are influenced by nitrite amount, basil seed
mucilage, and heating time. Chlorostidium number was influenced by nitrite square and preservation
time, so that the lowest Clostridium Perfringens amount was acquired at the highest nitrite
concentration. Also the only effective parameter on the sausage texture was basil seed mucilage. By
increasing of mucilage content hardness of sausage was decreased. For optimization, the formulation
with 95.38 ppm nitrite, 0.76% basil seed mucilage, the heating time of 112.15 minute at the
preservation time of (24 days) was selected. Applying this formula lead to decrease at about 30ppm of
the added nitrite- based on Iran national standard. The theoretical results of model and the
experimental data were in the great agreement so RSM could be useful for modeling and optimization
of such processes.

Key words: Basil seed powder, Hurdle technology, Nitrit, Response surface methodology, Sausage.
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