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Table 1- Qualitative analysis of Hematococcus
microalgae used in this study
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Cell composition Amount (%)
Protein 23
Carbohydrate 37.5
Total fat 35.5
Astaxanthin 3
Beta-carotene 0.037
Lutein 0.018
Canthaxanthin 0.18
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Table 2- Research treatments
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Control - -
A 120 -
B - 120
C 90 30
D 60 60
E 30 90
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Table 3: Counting of different bacteria in
research treatments during storage period

(CFU/gr)
Strain Treatments Storage time
(day)
0 7 21 28
Control <107 15+0.67° 20£1.15° 28+0.92°
A <10* <107 <10* <10
Clofst_ridium B <10®  <10° <10°  11+0.31%
eriringens
periring c <l <10° <10° <10°
D <10* <107 <10* <10
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Figure 1: Counting of Lactic acid bacteria in
research treatments during storage period

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

e 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

la yases 5 LSS b Lot —F-F

E <10°  <10° <10°  11#0.55°

Control <10% 18+0.53° 30+0.42° 37+1.12°
A <10? <10? <10? <10?

Staphylococcus B <10°  <10° <10°  1240.93°
aureus C <10*  <10° <10? <10?
D <10? <10? <10? <10?

E <10®  <10° <10®  11+0.15%

Control <109 17+1.24° 31+1.69° 45+1.18
A <10? <10? <10? <10?

B <10°  <10° <10°  11+0.81%
Coliform C <10® <10 <10 <10
D <10? <10? <10? <10?

E <10°  <10° <10®  11+0.63°

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

e 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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Figure 2: Counting of Yeast and Mold in
research treatments during storage period

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

e 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. Total flora

2. Fecal coliform

3. Penaeus monodon

4. Enterobacter aerogenes
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ABSTRACT
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The purpose of present study was to use nanocapsules carrying astaxanthin pigment in
common sausage formulation as a substitute for sodium nitrite and search for pathogenic
and spoilage microorganisms in the product. For this purpose, after extracting
astaxanthin from Haematococcus pluvialis microalgae and producing nanocapsules
carrying pigment by maltodextrin-sodium caseinate combined coating, five treatments
using different proportions of sodium nitrite and nanocapsules carrying astaxanthin
along with control were designed and evaluated in term of the presence of Clostridium
perfringens, Staphylococcus aureus, coliform, salmonella, Escherichia coli, Clostridium
botulinum, lacticacid bacteria, yeasts and molds during 28 days of storage at refrigerator
temperature (4+£1°C). According to the results, in the treatment with the permissible
limit of sodium nitrite or 120 mg/kg (treatment A) and also the treatments that this limit
was replaced by 30 mg/kg (treatment C) and 60 mg/kg (treatment D) of nanocapsules
carrying astaxanthin, (during the storage period), the counts of Clostridium perfringens,
Staphylococcus aureus, and coliform bacteria were within the standard limit and
recorded less than 10 cfu/gr. In treatments containing only 120 mg/kg nanocapsules
carrying astaxanthin (treatment B) and also containing 30 mg/kg sodium nitrite and 90
mg/kg nanocapsules carrying astaxanthin (treatment E), only on day 28, the counts of
three mentioned bacteria were more than 10 CFU/gr. Further, it was found that none of
the research treatments contained Salmonella, Escherichia coli and Clostridium
botulinum bacteria. Also, all five formulated treatments (unlike the control sample) were
within the standard range in terms of lactic acid bacteria during storage time. The results
of counting molds and yeasts showed that this treatments, unlike the control sample, did
not have any mold and yeast colonies in the whole of storage period. According to the
findings of this research if 50% of permissible sodium nitrite limit using nanocapsules
carrying astaxanthin is replaced, it is possible to produce a product free of health-
threatening microorganisms. In addition, by this process, the harmful effects of sodium
nitrite will be reduced and the usefulness of the product will be increased due to the
nutritional value and the proven role of astaxanthin in maintaining health and preventing
various diseases.
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