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1. PBS
2. Dynamic Light Scattering
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Table 1 Research treatments

Sodium nitrite

Nanocapsules carrying

Treatment (mg/kg) astaxanthin (mg/kg)
Control - -
A 120 -
B - 120
C 90 30
D 60 60
E 30 90
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4. Enterobacteriaceae bacteria count

5. Violet Red Bile Glucose Agar or (VRBGA)
6. Lactic acid bacteria count

7. Pseudomonas bacteria count

8. Fucidin-Cetrimide-Cephaloridine
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1. Mesophilic bacteria counts
2. Psychrophilic bacteria counts
3. Plate Count Agar or PCA
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Table 2 Physical properties of nanocapsules
carrying astaxanthin
Physical properties Level

Average particle size (nm) 269.1+3.95
Particle distribution index 0.423+1.28
Zeta potential (mv) +46.71+£2.88
Encapsulation efficiency (%) 85.19+4.09

2. Trigger force
3. Hardness

4. Cohesivness
5. Springness
6. Gumminess
7. Chewiness
8. Warner test
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Psychrotrophic bacteria (log cfu/gr)
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Fig 2 Psychrotrophic bacteria count of research
treatments during storage time (log cfu/gr)
*Different letters on each day indicate significant
differences between the data (p<0.05).
*Control: without sodium nitrite and nanocapsules
carrier astaxanthin, A: 120 mg/kg sodium nitrite, B:
120 mg/kg nanocapsules carrier astaxanthin, C: 90
mg/kg sodium nitrite + 30 mg/kg nanocapsules
carrier astaxanthin, D: 60 mg/kg sodium nitrite + 60
mg/kg nanocapsules carrier astaxanthin, E: 30 mg/kg
sodium nitrite + 90 mg/kg nanocapsules carrier
astaxanthin
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Total mesophilic count (log cfu/gr)
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Fig 1 Total mesophilic count of research treatments
during storage time (log cfu/gr)
*Different letters on each day indicate significant
differences between the data (p<0.05).
*Control: without sodium nitrite and nanocapsules
carrier astaxanthin, A: 120 mg/kg sodium nitrite, B:
120 mg/kg nanocapsules carrier astaxanthin, C: 90
mg/kg sodium nitrite + 30 mg/kg nanocapsules
carrier astaxanthin, D: 60 mg/kg sodium nitrite + 60
mg/kg nanocapsules carrier astaxanthin, E: 30 mg/kg
sodium nitrite + 90 mg/kg nanocapsules carrier
astaxanthin



lactic acid bacteria (log cfu/gr)
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Fig 4 Lactic acid bacteria count of research treatments
during storage time (log cfu/gr)

*Different letters on each day indicate significant
differences between the data (p<0.05).
*Control: without sodium nitrite and nanocapsules
carrier astaxanthin, A: 120 mg/kg sodium nitrite, B: 120
mg/kg nanocapsules carrier astaxanthin, C: 90 mg/kg
sodium nitrite + 30 mg/kg nanocapsules carrier
astaxanthin, D: 60 mg/kg sodium nitrite + 60 mg/kg
nanocapsules carrier astaxanthin, E: 30 mg/kg sodium
nitrite + 90 mg/kg nanocapsules carrier astaxanthin
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Fig 3 Entrobacteriaceae count of research treatments
during storage time (log cfu/gr)
*Different letters on each day indicate significant
differences between the data (p<0.05).
*Control: without sodium nitrite and nanocapsules
carrier astaxanthin, A: 120 mg/kg sodium nitrite, B:
120 mg/kg nanocapsules carrier astaxanthin, C: 90
mg/kg sodium nitrite + 30 mg/kg nanocapsules
carrier astaxanthin, D: 60 mg/kg sodium nitrite + 60
mg/kg nanocapsules carrier astaxanthin, E: 30 mg/kg
sodium nitrite + 90 mg/kg nanocapsules carrier
astaxanthin
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Fig 5 Pseudomonas count of research treatments
during storage time (log cfu/gr)
*Different letters on each day indicate significant
differences between the data (p<0.05).
*Control: without sodium nitrite and nanocapsules
carrier astaxanthin, A: 120 mg/kg sodium nitrite, B:
120 mg/kg nanocapsules carrier astaxanthin, C: 90
mg/kg sodium nitrite + 30 mg/kg nanocapsules
carrier astaxanthin, D: 60 mg/kg sodium nitrite + 60
mg/kg nanocapsules carrier astaxanthin, E: 30 mg/kg
sodium nitrite + 90 mg/kg nanocapsules carrier
astaxanthin
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Table 3 Water holding capacity, cooking loss and porosity of research treatments on days 0 and 28

Treatment/Index 8:;; VZ;;ZZiltI;I((‘l’}.,II)g COOIE},Z% loss Porosity

Control 0 51.365i0.95: 30.6452+0.76°  23.1125+0.65°
28 44.521+0.36 35.4110£1.23*  29.3931+0.44°

A 0 57.986+0.29° 26.2384+0.15° 18.2364+0.15°
28 58.092+1.15° 26.1039+0.34° 18.2151+1.08°

B 0 64.158+0.77° 20.9516+0.96° 18.1969+0.93°
28 64.099+0.98° 21.1035+1.02¢ 18.2115+0.42°

c 0 58.145+0.83° 26.2538+0.75° 18.114620.14°
28 58.031+0.71° 26.115440.12¢ 18.1423+0.29°

b 0 64.016+1.09° 20.9965+0.18° 18.1965+0.38°
28 63.986+0.58" 20.9941+0.49¢ 18.2456+1.19°

E 0 64.248+0.63° 20.9691+0.84° 18.2135+0.86°
28 64.18120.45° 20.9785+1.01¢ 18.1279+1.24°

*Different letters in each column indicate significant differences between the data (p<0.05).

*Control: without sodium nitrite and nanocapsules carrier astaxanthin, A: 120 mg/kg sodium nitrite, B: 120 mg/kg
nanocapsules carrier astaxanthin, C: 90 mg/kg sodium nitrite + 30 mg/kg nanocapsules carrier astaxanthin, D: 60 mg/kg
sodium nitrite + 60 mg/kg nanocapsules carrier astaxanthin, E: 30 mg/kg sodium nitrite + 90 mg/kg nanocapsules carrier

astaxanthin
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Table 4 Texture characteristics of research treatments

T/ 8:;; Hardness Springiness Cohesiveness Gumminess Chewiness Cutting

Control 0 26.461i1.04: 0.8135+0.04° 0.6912io.021f 18.1489i0.15da 18.1678i0.74§‘ 5.6514i0.05:
28 14.594+0.15 0.6949+0.01°  0.5145+0.06° 8.3541+0.08 7.923140.11 2.1652+0.04
A 0 21.925+037°  0.9973+0.02°  0.8705+0.05° 15.6137+0.92° 15.1528+0.62°  4.8951+0.18"
28 22.1124031°  0.9892+0.05°  0.8812+0.08" 15.4357+1.06°  15.242340.89°  4.9842+0.25°
B 0 17.994+0.23°  0.9886+0.03°  0.8883+0.06 12.8892+0.67° 11.9372£1.01°  3.2563+0.08°
28 18.135+0.7° 0.9923+0.04°  0.8756+0.05° 12.9248+0.18°  11.9946+0.48° 3.2834+0.1°
c 0 21.985+0.52°  0.9853£0.06°  0.8796+0.05 15.7541£0.29°  14.98362039°  4.8636+0.15"
28 21.931+0.18°  0.9789+0.03*  0.8752+0.04° 15.5621£0.75°  15.29214+0.14°  4.9324+0.12°

b 0 18.145+0.14°  0.9785+0.09°  0.8867+0.06° 12.8935+0.32°  12.1135+0.52°  3.2531+0.06°
28 18.127+0.49°  0.9761+£0.05*  0.8788+0.09" 12.9163+0.15° 11.9814+£0.33°  3.311240.05°

. 0 17.989+0.97°  0.9864+0.08°  0.8775+0.02° 12.9434+£0.45°  11.9548+0.09°  3.2369+0.11°
28 18.115+021°  0.9964+0.06  0.8811+0.06 12.9326+0.23°  11.9669+0.21°  3.2985+0.09°

*Different letters in each column indicate significant differences between the data (p<0.05), T: Treatment, I: Index
*Control: without sodium nitrite and nanocapsules carrier astaxanthin, A: 120 mg/kg sodium nitrite, B: 120 mg/kg
nanocapsules carrier astaxanthin, C: 90 mg/kg sodium nitrite + 30 mg/kg nanocapsules carrier astaxanthin, D: 60 mg/kg
sodium nitrite + 60 mg/kg nanocapsules carrier astaxanthin, E: 30 mg/kg sodium nitrite + 90 mg/kg nanocapsules carrier

astaxanthin
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1. Penaeus monodon

2. Escherichia coli
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4 . Staphylococcus auerus
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6. Portunus sanguinolentus, Callinectes sapidus, Paralithodes
brevipes
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In the present research, after extracting astaxanthin from Haematococcus
microalgae (Haematococcus pluvialis) and nanoencapsulation it by
maltodextrin-sodium caseinate combination coating, carrier nanocapsules with
different ratios replaced sodium nitrite (limit of 120 mg/kg) in the sausage
formulation. Then, the microbial (count of mesophilic, psychrophilic,
enterobacteriaceae, lactic acid and pseudomonas bacteria) and texture properties
of the formulated sausages were evaluated and compared during the storage
period (28 days at refrigerator temperature). The results showed that the
treatments that were formulated with ratios of 1 (30 mg/kg) to 3 (90 mg/kg) and
1 (60 mg/kg) to 1 (60 mg/kg) of nanocapsule to sodium nitrite (C and D) have
the same efficiency in terms of the ability to inhibit the growth and proliferation
of bacterial groups compared to the treatment containing 120 mg/kg (A) of
sodium nitrite (p>0.05) and in the all of storage period, the minimum count of
bacteria is related to these treatments (p<0.05). The treatment containing 90
mg/kg of nanocapsules and 30 mg/kg of sodium nitrite (E) had the same ability
as treatments A, C and D in inhibiting some bacterial groups until the middle of
the storage period (p>0.05). Also, the count level in the treatment containing
only nanocapsules (120 mg/kg, B) was significantly lower than the control
(p<0.05). The results of measuring the texture characteristics of the treatments
showed that the effect of nanocapsules carrying astaxanthin on increasing the
water holding capacity of sausages and also reducing of cooking loss, hardness,
gumminess, chewiness and texture cutting is more than sodium nitrite (p<<0.05).
Springiness, cohesiveness and porosity indices of sausages formulated with
different proportions of nanocapsules and sodium nitrite had no significant
difference (p>0.05) and were more favorable than the control (p<0.05). In the
following, it was found that the texture indices of the formulated treatments
(unlike the control) did not change significantly during the storage period
(p>0.05). According to the findings, nanocapsules carrying astaxanthin have a
potential to replace sodium nitrite in sausage formulation in order to improve
microbial and texture properties.
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