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1. Plate count agar

2. Potato dextrose agar
3. Violet red bile agar
4. Natural log

5. Storage period (SP)
6. Median rank (MR)
7. Benard
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Table 1 Microbial analysis of control (C) and enriched (E) snacks to test the shelf life

(log CFU/g of sample) (PCA)

Storage period o °
(Day) 5°C 25°C
C E C E

0 ND ND ND ND
30 ND ND ND ND
60 ND ND ND ND
90 ND ND ND ND
120 ND ND 2.14+0.04** ND
150 ND ND 2340.03* ND
180 ND ND 2.5+029* ND

(log CFU/g of sample) Yeasts and Moulds

0 ND ND ND ND
30 ND ND ND ND
60 ND ND ND ND
90 ND ND ND ND
120 ND ND ND ND
150 ND ND ND ND
180 ND ND ND ND

ND= Not Detected
Values are presented as mean + standard deviation (n=3)
CFU colony forming unit
Values with different small superscripts in a column differ significantly at p<0.05 for each test
Values with different capital superscripts in a row differ significantly at p<0.05 for each test
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Table 2 Evaluation of changes in moisture content during 180-day storage at 5°C and 25°C for control
(C) and enriched (E) samples

Storage period 5°C 25°C
(Days) C E C E
0 4.38+0.03* 3.78+0.18% 4.38+0.03* 3.78+0.18%
30 4.38+0.04 3.79+0.18™ 4.38+0.04** 3.78+0.21*
60 4 .42+0.04* 3.82+0.08* 4.49+0.24%4 3.80+0.42%
90 4.69+0.21% 3.84+0.47%8 4.56+0.36°C 3.80:+0.08%°
120 4.84+1.10" 3.88+1.08%® 4.7340.08C 3.84+0.03%°
150 5.68+0.03°* 3.90+1.95% 5240.12°¢ 3.86+0.10°
180 5.89+0.12% 4.62+0.10"® 5.60+0.69"¢ 3.88+0.46%

Values with different small superscripts in a column differ significantly at p<0.05 for each test
Values with different capital superscripts in a row differ significantly at p<0.05 for each test
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Table 3- Evaluation of changes in hardness during 180-day storage at 5°C and 25°C for control (C) and
enriched (E) samples

Storage period 5°C 25 °C
(Days) C E C E

0 196.710+0.945 134.152+0.98°8 196.710+0.945 134.152+0.98%8
30 198.7+0.52% 135.21+0.45% 197.15+0.93** 134.219+0.58%"
60 210.18+0.58* 138.12+0.21%® 197.82+0.84* 134.289+0.58°%
90 230.2140.34%* 149.5240.51% 198.25+0.13% 134.289+0.29°°
120 245.71+0.19% 16221+0.13% 200.18+0.15%¢ 134.5940.53*°
150 253.13+0.14%* 178.13+0.58® 209.86+0.51° 134.8940.48°
180 260.12+0.5™ 184.2+0.618 219.914+0.32%¢ 135.01+0.23°

Values with different small superscripts in a column differ significantly at p<0.05 for each test
Values with different capital superscripts in a row differ significantly at p<0.05 for each test
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Table 4 o and B Values of the Weibull distribution for control (C) and enriched (E) snacks
Temperature sample a+SE B+ SE

5°C C 1.75+£0.41 86.32+1.83

E 1.70+0.41 98.47+1.64

25% C 1.68+0.48 109.46+1.02

E 1.51+£0.22 127.21+£1.34

a: shape parameter, 3: Scale parameter
o and P obtained from consumer data(n=50)
SE: standard error
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Table 5 weibull hazard-ranking for overall acceptability data in snack samples

Rank* Days H value TH
6 60 16.7 16.7
5 90 20 36.7
4 120 25 61.7
3 150 33 94.7
2 180 50 144.7
1 180 100 244.7

H=hazard value=100/rank
LH= cumulative hazard=sum of all H values obtained for each rejection at the time
*Rejection given by the panelists during the sensory evaluation are ranked according to the time (days of storage)
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Table 6 Estimated shelf life for control (C) and enriched (E) snacks at 5 and 25 ° C

Shelf life time (days)
Rejection (%) 5°¢ 257
C E C E
25 67.0™ 98.0"* 125.0* 189.0%
50 158.0°8 184.0°® 217.0%® 321.0%

Values with different small superscripts in a column differ significantly at p<0.05 for each test
Values with different capital superscripts in a row differ significantly at p<0.05 for each test
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Fig 1 Shelflife of enriched and control snacks at 5
and 25 °C
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Table 7 Microbiological quality of enriched (E) and control (C) snacks during the estimated shelf life of
the samples at 5 and 25 ° C

Total plate count (log CFU/g of sample)

Storage

period(days) >°C 25°C
C E C E
210 ND ND 34+0.09°" ND
240 ND ND 3.15+0.04*8 ND
300 ND ND 3.61+0.16*8 ND
330 2.54+0.09* ND 3.7240.21%8 2.18+0.04%
360 3.17+0.08™ 2.86+0.04"8 4.7+0.19*¢ 223+0.06™
Yeast and mold count (log CFU/g of sample)
210 ND ND ND ND
240 ND ND ND ND
300 ND ND ND ND
330 2.84+0.19% ND ND ND
360 4.59+0.05 2.1240.02%8 ND ND

ND= Not Detected
Values are presented as mean + standard deviation (n=3)
CFU colony forming unit
Values with different small superscripts in a column differ significantly at p<0.05 for each test
Values with different capital superscripts in a row differ significantly at p<0.05 for each test
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The basis for modeling the shelf life of snacks enriched with Spirulina
platensis is the storage temperature. After production, the snacks were
packed in polypropylene bags and stored at 25°C (room temperature) and
5°C (refrigerator) for a specified period of 180 days. Shelf life studies were
performed by semi-educated and consumer panelists. During this period,
microbial tests (total count of bacteria, mold, yeast and coliform), moisture
content and hardness were examined. Weibull hazard analysis was used to
estimate the shelf life of snacks enriched with Spirulina platensis powder
based on sensory properties assessment. Considering the 25% and 50%
probability of rejection, the shelf life at 5 © C for enriched and control
samples was 98, 67 and 184, 158 days and at 25 ° C for 189, 125,217 and
321 respectively Were estimated. Also, the equation of shelf life with the
probability of rejection by consumers was presented. Finally, enriched and
control snacks were microbiologically evaluated. The results showed that
the enriched and control snack samples were completely microbiologically
safe for consumption over a 360-day period.
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