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Fig 1 a) Flaxseed oil (control A), b) cellulose and
flaxseed oil, ¢) cellulose and flaxseed oil and
thymus (50:75:7.5)
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Fig 2 Peroxide value change of control and oil powder samples during storage at (a): room temperature (25 °C)
and (b): refrigerator (4 °C). For treatments see Table 1. Diffeent letters for the same storage time represent
significant differences (p < 0.05) according to the Duncan test.
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Fig 3 Thiobarbituric acid value change of control and oil powder samples during storage at (a): room
temperature (25 °C) and (b): refrigerator (4 °C). For treatments see Table 1. Diffeent letters for the same storage
time represent significant differences (p < 0.05) according to the Duncan test.
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Fig 4 Acidity change of control and oil powder samples during storage at (a): room temperature (25 °C) and (b):
refrigerator (4 °C). For treatments see Table 1. Diffeent letters for the same storage time represent significant
differences (p < 0.05) according to the Duncan test.
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Table 1 Changes in total phenolic compounds (mg/kg) of samples during storage at room temperature
and refrigerature.

Treatment

(0:MCC, R%) Day 1 Day 30 Day 60 Day 90

25°C 4°C 25°C 4°C 25°C 4°C
T1 (50:50, 5%) 28328 23.18%  25.15%  18.43%P 2122  13.69"  15.36%
T2 (50:50, 10%) 45434 37948 3818  29.14C  29.64°C 25.64° 26.18"
T3 (50:50. 15%) 72.26%%  62.33C  67.23°®  5431F  58.67°°  50.67°F  51.96"
T4 (50:75, 5%) 31.53" 2642  28.68% 2038 21330 14.57F 16.42%F
T5 (50:75, 10%) 44.78% 3726 38.41®  20.53°  34.24%  2474%  2451%
T6 (50:75, 15%) 7414 65.33°®  66.11"  57.19°C  49.59%F  52.44°F  55712°°
T7 (50:100, 5%) 29.39%%  23.49% 23528 2028%  21.16%  14.02°  14.82°°
T8 (50:100, 10%) 48.64" 4561  46.68®  33.41%C 32539 2597 27.47P
T9 (50:100, 15%) 76.53*  69.23°C  71.45®  62.18%F  65.97°°  54.78F  56.39
Control A hA A A hB B eD fC

(bulk flaxseed oil) 23.92 22.85 23.12 16.68 17.41 10.52 12.35
Control B (50:75,0%)  23.28™  20.06"™¢ 20.64" 16.92" 18.43*P 926"  12.85%

Different lower case letters within the same column and different capital letters within the same row in the same
group of storage temperature represent significant differences (p < 0.05) according to the Duncan test. O: oil;
MCC: microcrystalline cellulose; R: rosemary.
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Table 2 Changes in chlorophyll content (mg/kg) of samples during storage at room temperature and
refrigerature.
( OT;Z%I(TZIGIT% ) Day 1 Day 30 Day 60 Day 90
25°C 4°C 25°C 4°C 25°C 4°C
T1 (50:50, 5%) 25.06™ 23.06° 25.03" 22.44F  22.75™ 22.13F  22.65%®
T2 (50:50, 10%) 39.78™ 352 3532 29.76*  31.07" 23.82  25.86"
T3 (50:50. 15%) 61.29" 5439 5861 4241 43.46° 28.61%° 31.16%
T4 (50:75, 5%) 26.98%4 25.51"  26.72"® 22.09%  22.24"° 21.31" 22,01
T5 (50:75, 10%) 48.2 38.38%0 42.73%® 33.18%  41.66% 31.81¢ 37.52F
T6 (50:75, 15%) 64.74* 61.63  63.86™ 60.23"  60.34% 51.69°°  57.19"
T7 (50:100, 5%) 42.46%* 28.035%  29.14%° 22.19"  24.56% 18.15  20.48"
T8 (50:100, 10%) 48.61°4 3529 40.74® 27.39" 39,02 26.98°¢  32.28%
T9 (50:100, 15%) 61.28™ 49.64°°  61.03"® 41.16% 5227 40.52°9  46.85"F
Control A A kC kB kE iD kF kG
(bulk flaxseed oil 9.02. 7.87‘ 8.04‘ 7.3g 7.61‘ 7.14‘ 6.94‘
Control B (50:75, 0%) 10.89" 9.17°  8.84 8.1°  7.61F 725" 7.1

Different lower case letters within the same column and different capital letters within the same row in the same

group of storage temperature represent significant differences (p < 0.05) according to the Duncan test. O: oil;
MCC: microcrystalline cellulose; R: rosemary.

Table 3 Changes in carotenoid content (mg/kg) of samples during storage at room temperature and

refrigerature.
Treatment (O:MCC, R%) Day 1 Day 30 Day 60 Day 90
25°C__4°C___25°C___4°C___25°C___4°C
T1 (50:50, 5%) 7.06" 581 6.89%* 573%  507"C 569"  4.79°
T2 (50:50, 10%) 7.84% 676 78"  623%C 596 599®  596™P
T3 (50:50. 15%) 9.12°* 8.9 905" 7.91°° 843" 7.66™ 6.18F
T4 (50:75, 5%) 9324 89 862 6.8° 6.51F 6.03F 5.07C
T5 (50:75, 10%) 8.82¢4 837" 7.65% 7.66C 7.19° 5.69F 582F
T6 (50:75, 15%) 9.96** 899 9.63*® 7.86™ 7.78"° 7.73*° 744"
T7 (50:100, 5%) 548" 481" 447 474BC 493" 457°P 441
T8 (50:100, 10%) 7354 634 611 569  524% 531 4867
T9 (50:100, 15%) 7.67%" 698 699 6.07°C 69% 588™C 545P
Control A ; .
(bulk flaxseed oil) 446" 3.86® 343" 327" 20987 288" 259"
Control B (50:75, 0%) 5918 494 464 3922 366F 276 257"

Different lower case letters within the same column and different capital letters within the same row in the same
group of storage temperature represent significant differences (p < 0.05) according to the Duncan test. O: oil;
MCC: microcrystalline cellulose; R: rosemary.
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Today, the tendency to use flaxseed oil as a rich plant source of -3 fatty
acids has increased. But the high content of unsaturated fatty acids in
flaxseed oil makes it highly susceptible to oxidation. In this study, to
produce flaxseed oil powder with more stability than oil, rosemary leaf
powder (as a natural source of antioxidants) in 3 levels (5, 10 and 15% of
oil) and 3 different proportions of flaxseed oil and Microcrystalline
cellulose (50:50, 50:75 and 50: 100) were mixed together. The results
showed that by transporting the oil to the powder form and addition of
rosemary leaves, the rate of increase in peroxide, thiobarbituric acid and
acidity during storage was decreased significantly (p < 0.05). Storage at
refrigerator (4 °C) was more effective than room temperature (25 °C) in
increasing oxidative stability of samples during storage. Oxidative stability
increased with increasing the concentration of microcrystalline cellulose
and rosemary leaves. Addition of rosemary leaves caused a slight increase
in acidity in the samples. Rosemary leaves also increased phenolic
compounds, chlorophylls and carotenoids in the samples. Mixing the oil
with microcrystalline cellulose significantly (p < 0.05) reduced the
decomposition rate of phenolic compounds, chlorophyll and carotenoid
contents. It was concluded that by mixing flaxseed oil with
microcrystalline cellulose and rosemary leaves, a new powder product with
suitable oxidative stability is introduced, which has the potential to be
applied directly on foods such as salads or to be used in different food
formulations to fortify them with natural antioxidants and ®-3 essential
fatty acids.
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