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4. Tryptic Soy Agar
5. Yeast Glucose Chloramphenicol Agar (YGC)
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Table 1 Effect of heat treatment and sonication at different treatment times and temperatures on the
survival of microorganisms in olives.

Total mesophilic

Total thermophilic

Treatment T(°C) t (min) bacteria bacteria Tota} Molds/Yeasts
(log CFU/g) (log CFU/g) (log CFU/g)
Untreated - - 5.28+40.05% 2.55+0.10* 3.87+0.05*
Heat 85 15 ND’ ND ND
45 5 4.25+0.12° 2.50+0.07° 3.19+0.06°
45 10 3.95+0.09° 2.4140.05° 1.69+0.11°
45 15 2.9840.06¢ 2.36+0.09° ND
55 5 3.03+0.04¢ 2.31£0.10° 1.56+0.08¢
Sonication 55 10 2.7240.10° 2.02+0.07¢ ND
55 15 ND ND ND
65 5 1.98+0.08" 1.39+0.09° ND
65 10 ND ND ND
65 15 ND ND ND

Values are means + standard deviations. Values followed by different letters within the same column are
significantly different (P<0.05)
"ND: not detected
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Table 2 Effect of heat treatment and sonication at different treatment times and temperatures on color
attributes of olives.

Treatment T(C) t (min) L* a* b*
Untreated - - 55.01+0.21° -7.25+0.08" 27.63+0.15°
Heat 85 15 40.71+0.38¢ -1.4840.05° 35.45+0.16"
45 5 54.74+0.06° -7.27+0.14° 27.61£0.21°
45 10 53.98+0.09° -7.24+0.15° 27.63+0.08°
45 15 54.23+0.32° -7.22+0.03" 27.64+0.04°
55 5 54.21+0.20° -7.210.09° 27.62+0.13°
Sonication 55 10 54.3240.34° -7.25%0.09° 27.58+0.06°
55 15 50.48+0.28° -6.94+0.07° 27.62+0.12°
65 5 49.56+0.45" -5.2940.04° 29.07+0.07°
65 10 47.19+0.16° -5.20+0.08° 29.11£0.05"
65 15 44.55+0.30° -4.65+0.06" 29.19+0.09"

Values are means + standard deviations. Values followed by different letters within the same column are

significantly different (p<0.05)
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Fig 1 Effect of heat treatment and sonication at
different treatment times and temperatures on
firmness of olives. Error bars indicate the standard
deviation of firmness of olive samples. The same
lowercase letters are not significantly different
between various treatments at p > 0.05.

H: Heat treatment, TS-45-5: Thermosonication at 45
°C for 5 min; TS-45-10: Thermosonication at 45 °C
for 10 min; TS-45-15: Thermosonication at 45 °C for
15 min; TS-55-5: Thermosonication at 55 °C for 5
min; TS-55-10: Thermosonication at 55 °C for 10
min; TS-55-15: Thermosonication at 55 °C for 15
min; TS-65-5: Thermosonication at 65 °C for 5 min;
TS-65-10: Thermosonication at 65 °C for 10 min;
TS-65-15: Thermosonication at 65 °C for 15 min.
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Fig 3 Effect of heat treatment and sonication at
different treatment times and temperatures on DPPH
scavenging activity of olives. Error bars indicate the

standard deviation of DPPH activity of olive samples.

The same lowercase letters are not significantly

different between various treatments at p > 0.05.
H: Heat treatment, TS-45-5: Thermosonication at 45
°C for 5 min; TS-45-10: Thermosonication at 45 °C
for 10 min; TS-45-15: Thermosonication at 45 °C for
15 min; TS-55-5: Thermosonication at 55 °C for 5
min; TS-55-10: Thermosonication at 55 °C for 10
min; TS-55-15: Thermosonication at 55 °C for 15
min; TS-65-5: Thermosonication at 65 °C for 5 min;
TS-65-10: Thermosonication at 65 °C for 10 min;
TS-65-15: Thermosonication at 65 °C for 15 min.
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Fig 2 Effect of heat treatment and sonication at
different treatment times and temperatures on total
phenol content of olives. Error bars indicate the
standard deviation of TPC of olive samples. The
same lowercase letters are not significantly different
between various treatments at p > 0.05.

H: Heat treatment, TS-45-5: Thermosonication at 45
°C for 5 min; TS-45-10: Thermosonication at 45 °C
for 10 min; TS-45-15: Thermosonication at 45 °C for
15 min; TS-55-5: Thermosonication at 55 °C for 5
min; TS-55-10: Thermosonication at 55 °C for 10
min; TS-55-15: Thermosonication at 55 °C for 15
min; TS-65-5: Thermosonication at 65 °C for 5 min;
TS-65-10: Thermosonication at 65 °C for 10 min;
TS-65-15: Thermosonication at 65 °C for 15 min.
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Fig 4 Effect of heat treatment and sonication at
different treatment times and temperatures on sensory
qualities of olives.

H: Heat treatment, TS-45-5: Thermosonication at 45
°C for 5 min; TS-45-10: Thermosonication at 45 °C
for 10 min; TS-45-15: Thermosonication at 45 °C for
15 min; TS-55-5: Thermosonication at 55 °C for 5
min; TS-55-10: Thermosonication at 55 °C for 10
min; TS-55-15: Thermosonication at 55 °C for 15
min; TS-65-5: Thermosonication at 65 °C for 5 min;
TS-65-10: Thermosonication at 65 °C for 10 min;
TS-65-15: Thermosonication at 65 °C for 15 min.
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Thermal methods are among the common methods of food processing
that increase the shelf life of food products by reducing the microbial
population and inactivating enzymes. Despite the favorable effects of
the traditional thermal process, this method reduces the nutritional and
sensory quality of food products. Increasing consumer demand for food
products with minimal changes in characteristics has provided the basis
for examining new methods of food processing. Therefore, in the
current work, the impact of conventional pasteurization and
thermosonication (TS) on the microbial populations, antioxidant activity
and quality parameters of fermented green table olives was studied.
Olives were subjected to ultrasound treatment (30 kHz, 100 W) at
different temperatures (45, 55, and 65 °C) and times (5, 10, and 15 min)
and compared with the conventional heat treatment (85 °C, 15 min).
After treatment, TS at 45 and 55 °C markedly (p < 0.05) improved
firmness, color parameters, and sensory attributes relative to the
thermally processed olives. Furthermore, TS enhanced total phenolic
content (8.45-25.37%) and antioxidant activity (8.43-31.21%) compared
to the untreated samples. TS at 55 °C-15 min, 65 °C-10 min, and 65 °C-
15 min successfully reduced the microbial counts to nil. However, TS at
65 °C notably diminished the quality parameters. Thus, TS can improve
the safety and quality of table olives and can be used as a suitable
alternative to the thermal processing.
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