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Introduction: One of the synthetic and harmful preservatives.used in.sausage is sodium nitrite. This compound
in meat products helps to increase the storage period and. marketability of the product by preventing the growth
of anaerobic bacteria, especially clostridium, exerting an.antioxidant effect; stabilizing the red color of the meat
and improving the taste. Besides these benefits, sodium nitrite is very-dangerous for health and it can cause
malignant diseases. For this reason, it is necessary to.replace this substance using a natural preservative.
Pigments extracted from aquatics.such as astaxanthin due to having antioxidant activity, antimicrobial properties
and pink color may be a good.substitute for sodium nitrite. But these pigments must be nanoencapsulated at first
due to their sensitivity to-food production conditions, including high temperatures. The aim of the current
research at the first was to-extract astaxanthin from Haematococcus pluvialis microalgae using the acid-acetone
method and pigment nanoencapsulation.using maltodextrin-sodium caseinate combined coating. Then, sodium
nitrite in the sausage-formulation were replaced by the carrier nanocapsules with different proportions and
oxidative and microbial spoilage tests,€olor and sensory evaluations were performed for different treatments.
Materials and Methods: At first,astaxanthin pigment was extracted from Haematococcus pluvialis using the
acid-acetone technique. Then, the extracted pigment was nanoencapsulated using maltodextrin-sodium caseinate
combined coating and the resulting (carrier) nanocapsules in the form of treatments A (120 mg/kg sodium
nitrite), B (120 mg/kg nanocapsules carrying astaxanthin), C (90 mg/kg sodium nitrite+30 mg/kg nanocapsules
carrying astaxanthin),;»D (60 mg/kg sodium nitrite+60 mg/kg nanocapsules carrying astaxanthin) and E (30
mg/kg sodium nitrite+90. mg/kg nanocapsules carrying astaxanthin) replaced sodium nitrite in the sausage
formulation. These treatments were evaluated in terms of oxidative and microbial spoilage, color indices and
sensory properties during 28 days of storage at refrigerator temperature along with the control (without sodium
nitrite and carrier nanocapsules). This research was conducted in a completely randomized design. Data were
analyzed by one-way analysis of variance and the difference between the means was evaluated by Duncan's test
at 95% confidence level.

Results and Discussion: According to the results, the lowest levels of thiobarbituric acid and peroxide value
during the storage period were related to B, E and D (p>0.05) treatments (p<0.05). A and C treatments had no
significant difference in terms of thiobarbituric acid and peroxide value until day 14 (p>0.05), but with
increasing storage time, this difference became significant and treatment A showed higher values (p<0.05). The
results of this section showed that the power of astaxanthin in controlling oxidative spoilage is significantly
greater than sodium nitrite, and if the purpose is only to control this type of spoilage, there is no need to replace
or use sodium nitrite. In the following, the results showed that in terms of controlling microbial spoilage,
sodium nitrite has more power than nanocapsules carrying astaxanthin. So that, the lowest amount of total
volatile basic nitrogen (TVB-N) and the most standardized pH were related to A, C and D treatments (p>0.05)
during the storage period (p<0.05). B and E treatments (p>0.05) were ranked next (p<0.05) in terms of the two
mentioned indicators. The results of this section showed that if from 120 mg/kg sodium nitrite to 60 mg/kg is
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replaced by nanocapsules carrying astaxanthin in the sausage formulation, the resulting product has the same
antimicrobial power as the product containing 120 mg/kg sodium nitrite. Evaluation of the color and sensory
properties of treatments showed that A, C and D treatments are at a higher level than B, E (treatments) and
control in terms of color indices and general acceptance (p<0.05). The comparison of the color indices and
sensory properties of the treatments on days O and 28 of storage at refrigerator temperature showed that the
color and sensory indices remained constant in the formulated treatments, unlike the control.

Conclusions: Nanocapsules carrying astaxanthin with maltodextrin-sodium caseinate combined coating as a
natural product with many properties in health, control and prevention of various diseases, have a high
efficiency to replace the sodium nitrite in sausage formulation. So that, if 30 to 60 mg/kg of the permissible limit
of 120 mg/kg of sodium nitrite in the sausage formulation is replaced by nanocapsules carrying astaxanthin, the
resulting product will be similar to the product containing 120 mg/kg of sodium nitrite in terms of shelf life,
resistance to oxidative and microbial spoilage, color indices and sensory properties.

Keywords: Sausage, Haematococcus microalgae, Nanocapsules carrying astaxanthin, Sodium nitrite, Oxidative
spoilage
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Treatments Protein Fat Moisture Ash
)los Oy R ) s
Control 18.21+0.75% 14.95+0.28°? 61.12+1.19° 5.12+0.142
A 18.01+1.66° 14.89+0.63? 60.98+1.49? 5.18+0.15%
B 18.25+0.98? 14.93+0.81° 61.08+0.52? 5.15+0.272
C 18.09+0.842 15.03+0.24° 61.01+0.74° 5.16+0.312
D 18.1+0.0.572 14.9+1.392 60.92+1.15° 5.14+0.292
E 18.24+0.63? 15.02+0.213 61.04+0.11° 5.19+0.462
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e The same letters in each column indicate that there isno difference 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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Flgure 1- TBARS value of research treatments.during the storage period (mg MDA/Kg)
Different letters in each day indicate significant difference 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- Peroxide value of research treatments during the storage period (mg O /Kg)
o Different letters in each day.indicate significant difference 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 3- TVB-N value of research treatments during the storage period (mg/100g)
o Different letters in each day indicate significant difference 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 4- pH of research treatments during the storage period
o Different letters in each day indicate significant difference 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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Table 4- Color indices evaluationof research treatments

Treatments Time (day) L* a’ b
b jlos (392) e W) S 855

Control 0 65.28+0.052 6.84+0.01° 25.63+0.212
28 41.73+0.644 4.21+0.08¢ 15.34+0.09°

A 0 59.15+0.61° 14.38+0.19?2 18.42+0.33°
28 58.97+0.76° 14.11+0.69?2 18.21+0.84°

B 0 54.12+0.47¢ 11.14+0.44° 12.14+0.48¢

28 53.93+0.85° 11.1240.71° 12.29+0.26¢

c 0 58.98+1.03° 14.33+0.642 18.45+0.62°

28 58.95+0.77° 14.124+0452 18.11+0.84°

D 0 59.12+1.06° 14.26+0.512 18.15+0.39P

28 58.99+0.38° 14.21+0.85?2 18.29+1.01°

E 0 54.194+0.23° 11.1140.75° 12.1+0.41¢

28 54.1+0.87¢ 11.15+0.42° 11.96+0.53¢

P 0) ol odly cy I3 iz BT dgng oaimd lis ygiw o 53 Cglitie gy>
W-MOIKG ol B oo WMGIKG (ol A Sl el slapuS5b 5 miw Costs op CONtrol o
ol D oplFll Jobs cla oS5l ¥oMOIKY + maw oy -MOIKG cols :C ol Slinl Jobs (sl JouaS $b
- JssS 56 A MAIKG o orlr 25 ¥eMOIKG (55l :E oyl Sl Jobs (glo JgunS U £+MGIKG + mpier < 25 £-MO/KQ
olFll Jobs cla
Different letters in each column indicate significant difference 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 5- Sensory evaluation of research treatments

Treatments Time (day) Color Smell Taste Texture General acceptance
o )los (352) oo k9 Y P cél o el
Control 0 3.61+0.45° 7.05+0.19° 6.29+0.23° 5.25+0.042 5.44+0.39°

28 2.26+0.32¢ - - 3.82+0.57¢ -
A 0 8.1240.24* 7.91+0.35% 8.23+0.12% 7.35+0.19° 7.95+0.212
28 8.1+0.322  7.87+0.24% 8.2+0.14* 7.31+0.34° 7.93+0.232
B 0 7.15+0.1° 7.08+0.1° 6.33+0.18° 7.21+0.57° 7.06+0.25°
28 7.11+0.07° 7.03+0.09® 6.36+0.09° 7.32+0.71° 7.02+0.21°
c 0 8.11+0.06* 7.88+0.11° 8.26+0.14* 7.25+0.43° 7.99+0.1°
28 8.1240.08* 7.92+0.12% 8.23+0.16* 7.28+0.51° 7.96+0.122
D 0 8.14+0.09* 7.85+0.28% 8.25+0.11* 7.29+0.86° 7.92+0.152
28 8.11+0.12%  7.89+0.19° 8.21+0.17¢2 7.3+0.62° 7.95+0.172
E 0 7.1840.11° 7.02+0.36° 6.31+0.32° 7.28+0.84° 7.09+0.08°
28 7.14+0.18° 7.05+0.15° 6.28+0.26° 7.24+0.49° 7:04+0.1°

(P</+0) sl laodls y o gime AT 3585 00i2d LS (gt b)) Cglale (B9, @
Wemg/Kg sls B et oy VWMOIKG (ool A (il iStiol Jols (ol JouaS 5l g i cojid coh :CONtrol @
ol D (ol Sl Jols claJouS el ¥oMOIKY + o cojzs 1-MOIKG (g5l 1O e pliSlinl oo cla JgunsS 5l
2MY/KY + i cauyis Y-MOKY ol B ol Slinl Jobs sla JounSsiln s MK 4 miw cojzs #-ma/kg
oSl ol (sl JguaS 5
o Different letters in each column indicate significant difference 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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