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Tablel. Physicochemical properties of noodle samples

Sample  Carbohydrates(%) Moisture (%) Ash (%) Protein(%) Fat pH
T1 84.59 +0.58¢ 3.11£0.0322 1.29+0.03? 9.56+ 0.28* 23.33+0.582 6.12+0.03?
T2 84.56 £0.58 2 3.086+£0.07* 1.30+0.11* 9.55+0.19? 23.00+0.78*  6.09+0.072
T3 83.84+0.46° 3.026+0.14*  1.29+0.16* 9.46+0.02? 23.13+£0.25*  6.22+0.09*
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T4 83.95+0.94* 3.006 +£0.03 1.26+0.01% 9.67£0.31% 23.60+0.78 2 6.18 ia0.00S
TS 84.43 £0.27° 2.71 £0.06* 1.29+0.14* 9.44+0.33° 22.95+£0.12*  6.26+0.08%
Té6 83.38+0.44 * 2.92+0.11% 1.28+0.14* 9.37+£0.44* 23.46+1.45*  6.17+0.11%
T7 83.72+£0.09 2 3.04+0.18? 1.04+0.07* 9.40=+0.22° 22.67+0.58*  6.19+0.02*
T8 83.95+0.73 * 3.03+0.16* 1.19+0.12* 9.25+0.21% 23.30+0.55* 6.21+0.11%
T9 83.51+£0.732 2.95+0.292 1.12+0.17*  9.58+0.56° 22.82+049* 6.21+0.25*
T10 84.28 £0.007 * 3.06+£0.172 1.28+0.12*  9.48+0.15? 23.38+1.41* 6.09+0.02*
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Table 2. Peroxide values of noodle samples during storage

Peroxide value (meq/kg)

Sample /
Time Dayl Day30 Day60 Day90 Day120
T1 1.15+0.15M 1.09 £0.04P¢ 2.28 £0.22¢¢ 2.77 £0.12B¢ 4.10 £0.024¢
T2 4.01 £0.43 P2 4.68 +£0.14 P2 6.40 £0.25 8 8.65+0.17 B 11.37£0.27 48
T3 0.95 £0.02 Bde 1.05 £0.04 B¢ 1.23 £0.10 Bd 1.32+0.07 Bf 2.68 £0.28 A°
T4 0.87 £0.03Dde 0.92 +0.03¢Pe 1.00 £0.018¢d 1.04 £0.04AB 1.08 £0.024f
T5 0.77 £0.07¢% 0.83 +£0.02B¢¢ 0.89 £0.0548¢ 0.95 £0.03 Aeh 0.99 £0.01 A
T6 0.66 +£0.015¢ 0.67 +£0.018¢ 0.72 £0.0248f 0.74 +£0.03 ABh 0.77 £0.06 A
T7 3.34+0.08 P 3.87£0.09 ¢ 4.00 £0.09 4.61 £0.048° 4.95+0.05 A
TS 3.17 £0.06Pb 3.36 +0.03 P° 3.43 £0.04 B 3.60+0.118¢ 4.03 £0.074¢
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3.22 £0.92 Bbe
3.07 £0.03 Bbe

3.08 £0.065<°
2.87 £0.08 ¢®

T9 2.99 +0.05 ¢ 3.51+£0.07 A° 3.59+0.07 Ad
T10 2.83£0.08 ¢ 3.15 £0.05 ABd 3.26 £0.024d

T1: without oleoresin and fried in palm oil. T2: without oleoresin and fried in rapeseed oil .T3, T4, T5, and T6:
fried in palm oil and contain 0.1, 0.25, 0.5, and 0.75% turmeric oleoresin, respectively. T7, T8, T9, and T10: fried
in rapeseed oil and contain 0.1, 0.25, 0.5, and 0.75% turmeric oleoresin, respectively. Results are presented as a
mean value £ SD. The different superscript lowercase and uppercase letters are significant (p < 0.05) in each
identical column and row, respectively.
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Table 3. Anisidine values of noodle samples during storage

Anisidine
value
Sample/ Time™ 7, q Day30 Day60 Day90 Day120

T1 1.25+0.020«¢  1.43 +0.04¢¢ 1.57 +0.118C¢ 1.71 +0.0284 2.09 +£0.07 A
™ 22240.16  223+0.02C  2.63+0.06 5% 344 +0.16 ABs 3.60 +0.134a
T3 1.01 +0.01 D¢ 1.11£0.02P4  1.21+0.01 4  1.50+0.06 B 1.76 £0.06 Ad
T4 0.87 £0.035% (.98 £0.01P¢ 1.09 +0.07¢% 1.21 +0.018¢ 1.47 £0.024¢
Ts 0.82£0.04°¢  0.89+0.01 ¢ 0.93+0.03 ¢ 1.11+0.018¢ 1.26 £0.10AF
Té6 0.53 £0.01€  0.62 +0.03C¢ 0.76 £0.073F  0.85 +0.03ABf 0.89 +£0.024¢
T7 2.06+0.05P®  2.41+0.02¢  2.37+0.11¢® 2.96 £0.068° 3.26 +£0.054%®
T8 1.89 £0.04%%  1.94+0.04 P> 213 +0.11B  2.49 +0.04AB¢ 2.85 £0.044b
T9 1.32£0.03%°  1.47+0.07¢  1.55+0.04 8%  1.64 +0.04ABd 1.71 £0.05Ad
T10 0.91 £0.03% 1,03 £0.058¢¢ 1,19 +0.084ABd 1.25 £0.094¢ 1.30 £0.092f

T1: without oleoresin and fried in palm oil. T2: without oleoresin and fried in rapeseed oil .T3, T4, T5, and Té6:
fried in palm oil and contain 0.1, 0.25, 0.5, and 0.75% turmeric oleoresin, respectively. T7, T8, T9, and T10: fried
in rapeseed oil and contain 0.1, 0.25, 0.5, and 0.75% turmeric oleoresin, respectively. Results are presented as a
mean value = SD. The different superscript lowercase and uppercase letters are significant (p < 0.05) in each
identical column and row, respectively.
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Table 4. Thiobarbituric values of noodle samples during storage

TBA (mg MDA/kg)
Sample/ time
Dayl Day30 Day 60 Day90 Day120

T1 0.41 £0.02Dcde 0.46 +0.01¢Pd 0.56 +0,03BCcdef 0.76 +0.02AB 0.84 +0.02 Ad
T2 0.80 +£0.05% 1.00 £0.10 < 1.30+£0.14 B2 1.61 £0.14 Aa 1.90 £0.02 A2
T3 0.35 +0.05¢% 0.43 £0.01 BCd 0.47 £0.03 Boef 0.63 £0.05 Ad 0.72 £0.04 Ad
T4 0.31 £0.01¢ 0.33 +£0.02BCde 0.36 +£0.01BCefe 0.42 £0.014AB¢ 0.51 £0.074¢
T5 0.28 £0.01¢ 0.33 +£0.04BCde 0.35 +£0.004B2 0.40 £0.0054f 0.40 £0.01 Af
T6 0.21 +0.005"" 0.25 +0.03¢Pe 0.27 +0.025¢% 0.33 +0.034Bf 0.37 +£0.014¢
T7 0.80 +0.005P2 0.91 +0.02¢Pab 1.17 £0.198C® 1.54 +0.04/Bb 1.60 +0.084°
T8 0.77 £0.0055® 0.83 £0.01Pab 0.95 £0.02¢¢ 1.14 £0.03Bb 1.37 £0.024%
T9 0.60 +0.04P 0.72 £0.04Pbe 0.85 £0.04BCbed 0.96 £0.118« 1.24 +£0.034¢
T10 0.55 +0.01¢ 0.61 +£0.018 0.64 £0.02Bcd 0.72 £0.014« 0.74 £0.0244

T1: without oleoresin and fried in palm oil. T2: without oleoresin and fried in rapeseed oil .T3, T4, T5, and T6:
fried in palm oil and contain 0.1, 0.25, 0.5, and 0.75% turmeric oleoresin, respectively. T7, T8, T9, and T10: fried
in rapeseed oil and contain 0.1, 0.25, 0.5, and 0.75% turmeric oleoresin, respectively. Results are presented as a
mean value = SD. The different superscript lowercase and uppercase letters are significant (p < 0.05) in each
identical column and row, respectively.
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Table 5. Acid values of noodle samples during storage

Sample/ Acid value (mg KOH/g)

Time Dayl Day30 Day 60 Day90 Day120
T1 1.24 +£0.048¢ 1.28 +0.078% 1.39 +0.014° 1.47 £0.024° 1.49 0,024
T2 1.67 £0.0652 1.75+0.05 B2 1.84 £0.03 B2 2.26 £0.16 A2 2.43 £0.08 A2
T3 1.12 +£0.02 © 1.13+0.02 & 1.23 £0.02 Be 1.31£0.01 Abe 1.34 £0.03 Ade
T4 1.01£0.0124 1.15 £0.214% 1.08 £0.0344 1.13 £0.024 1.18 £0.024¢f
T5 0.84 +£0.048¢ 0.82 +0.0055¢ 0.90 +£0.01B¢ 1.01 £0.0224 1.04 +0.067"
T6 0.77 £0.02B¢ 0.82 £0.0054B4 0.90 £0.014B¢ 0.99 £0.1044 0.99 £0.124¢
T7 1.48 £0.06"° 1.61 +£0.02¢ 1.78 £0.0652 1.94 £0.0242 2.04 £0.034®
T8 1.29 +0.03% 1.35+0.02¢° 1.42 +0.035¢ 1.50 +0.075° 1.72 +0.06"%
T9 1.08 £0.01¢¢ 1.14 £0.02¢%¢ 1.32 +£0.06B% 1.41 £0.06ABP 1.52 £0.024¢
T10 1.05 £0.052¢ 1.21 £0.03Pbe 1.24 £0.065 1.40 £0.10AB° 1.42 +£0.0244

T1: without oleoresin and fried in palm oil. T2: without oleoresin and fried in rapeseed oil .T3, T4, T5, and T6:
fried in palm oil and contain 0.1, 0.25, 0.5, and 0.75% turmeric oleoresin, respectively. T7, T8, T9, and T10: fried
in rapeseed oil and contain 0.1, 0.25, 0.5, and 0.75% turmeric oleoresin, respectively. Results are presented as a
mean value + SD. The different superscript lowercase and uppercase letters are significant (p < 0.05) in each

identical column and row, respectively.
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Table 6. Conjugated dienes of noodle samples during storage

Sample/ Conjugated dienes (mmol/kg)
Time Dayl Day30 Day 60 Day90 Day120

T1 4.01 £0.10P2 4.13 4.40 £0.228¢ 4.64 £0.104B° 4.92 £0.054b
+0.11¢Pb

T2 4.02 £0.08P? 4.57 £0.09 < 4.71£0.07 < 5.20+0.09 B2 5.90 £0.24 Aa

T3 3.54 +£0.005 P° 3.77+£0.03 ¢ 4.05 £0.05 B 4.11£0.0] Bé 4.34 £0.01

Acd

T4 3.28 +£0.07P¢ 3.57 £0.02¢¢ 3.89 +0.01Bb¢ 3.91 +0.028¢f 4.11£0.014d

T5 2.77 £0.01>¢ 3.50 3.64 £0.048 3.70 +£0.10Bf 3.87 £0.024¢f
+0.005¢

T6 2.35+0.017¢ 3.41 £0.01¢ 3.41 £0.02¢¢ 3.54 £0.04B¢ 3.76 £0.024%

T7 3.55+0.10P° 3.63 +0.03P 4.08 £0.12¢° 4.43 +£0.108¢ 4.96 £0.054°

T8 3.11+0.01%° 3.33+£0.01°f 4.05 £0.05¢ 4.34 £0.048< 4.68 £0.194b
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T9 2.51 +0.02P¢ 2.82 £0.10¢¢

T10 2.01 £0.01¢f 2.22 £0.128¢h

3.91 £0.028% 4.18 £0.058¢ 4.65
+£0.0645
2.57 £1.218¢ 3.25 £0.1140 3.51 £0.114¢

T1: without oleoresin and fried in palm oil. T2: without oleoresin and fried in rapeseed oil .T3, T4, T5, and T6:
fried in palm oil and contain 0.1, 0.25, 0.5, and 0.75% turmeric oleoresin, respectively. T7, T8, T9, and T10: fried
in rapeseed oil and contain 0.1, 0.25, 0.5, and 0.75% turmeric oleoresin, respectively. Results are presented as a
mean value = SD. The different superscript lowercase and uppercase letters are significant (p < 0.05) in each

identical column and row, respectively.
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Figl. Induction period of noodle samples on the 1st and 120th days of storage. T1: without oleoresin and fried in
palm oil. T2: without oleoresin and fried in rapeseed oil .T3, T4, T5, and T6: fried in palm oil and contain 0.1,
0.25, 0.5, and 0.75% turmeric oleoresin, respectively. T7, T8, T9, and T10: fried in rapeseed oil and contain 0.1,
0.25, 0.5, and 0.75% turmeric oleoresin, respectively. The different superscript lowercase and uppercase letters
are significant (p < 0.05) on the same day and during the storage period, respectively.
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Table 7. Total phenolic contents (TPC) of noodle samples during storage

Total phenol content (mg GAE/g)

Day 1 Day 30 Day 60 Day 90 Day 120

T1 0.003 £0.0024¢ 0.003 £0.0024 0.002 £0.0024° 0.00 £0.004° 0.00 £0.00 A°
T2 0.00 £0.000%° 0.000 +0.000 A4 0.000 £0.000 A° 0.000 £0.000 A° 0.000 £0.000 A®
T3 0.006 £0.002 A° 0.002 £0.002 B4 0.001 £0.001 B° 0.000 +0.000 B 0.000 +0.000 B°
T4 0.01 +£0.0014¢ 0.003 £0.002B¢¢ 0.001 £0.0018° 0.000 +0.0008° 0.000 £0.008°
T5 0.06 +0.024° 0.03 +0.0084° 0.01 £0.008° 0.005 +0.0028° 0.000 +£0.00 Bb
T6 0.12 £0.0142 0.097 £0.00942 0.04 £0.0148a 0.013 +£0.0058¢ 0.0076 £0.0005%
T7 0.000 £0.000¢ 0.000 +0.0004 0.000 +0.000° 0.000 +0.0004° 0.000 £0.0004°
T8 0.001 £0.0004¢ 0.000 £0.000A4 0.000 £0.0004° 0.000 £0.0004° 0.000 £0.000A°

T9 0.002 £0.0014¢ 0.001 £0.00144 0.00 +0.000B° 0.000 £0.000B® 0.000 £0.000B>
T10 0.010 £0.0024¢ 0.008 £0.002B¢ 0.004 £0.001<° 0.000 +0.000"® 0.000 +0.000"°

T1: without oleoresin and fried in palm oil. T2: without oleoresin and fried in rapeseed oil .T3, T4, T5, and T6:
fried in palm oil and contain 0.1, 0.25, 0.5, and 0.75% turmeric oleoresin, respectively. T7, T8, T9, and T10: fried
in rapeseed oil and contain 0.1, 0.25, 0.5, and 0.75% turmeric oleoresin, respectively. Results are presented as a
mean value = SD. The different superscript lowercase and uppercase letters are significant (p < 0.05) in each

identical column and row, respectively.
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Table 8. Antioxidant activity of noodle samples during storage

Sample/ DPPH scavenging capacity (%)

Time Dayl Day30 Day 60 Day90 Day120
T1 2.08 £0.05Ad 1.30 £ 0.20 Bede 0.64 £ 0.08 < 0.04140.02 ©Def 0.33+0.03 P*
T2 1.02+0.03 Ab 0.93 +0.04 A° 0.69 + 0.04 B 026 +0.15 0.03 + 0.005 P*
T3 2.16+0.0324 1.39 £ 0. 198 0.74 £ 0. 08<f 0.51 £ 0.01 Dt 0.43 +0.02™
T4 2.31+£0.03 4¢ 1.56 £0.17 B 0.90 £ 0.09 € 0.66 +0.01 CDede 0.57+0.03 Pe
T5 2.56+0.06 1.75+0.17 Bab 1.14+£0.04 ¢ 0.90 & 0.01 Dabe 0.81+0.02 D
T6 2.83+£0.06 42 2.04+0.165 1.36+£0.10 & 1.11+£0.10 0.98 £0.03 bs
T7 1.11£0.04 4 1.006 + 0.02 A° 0.78 £ (.03 Boef 0.38 £0.12 &f 0.11+0.015f
T8 1.26 £ 0.04 A¢ 1.18 £ 0.04 Ade 0.93 £0.03 B4 0.51£0.15 Cdf 0.28 £0.27 b¢
T9 1.50 £ 0.02 A 1.40 £ 0.03 Abed 1.17 £0.04 B 0.74 £ 0.14 > 0.51 +0.29 b«
T10 1.73 £0.03 A¢ 1.64 + 0.05 At 1.41+£0.03 B 1.01£0.27 < 0.74+0.30 P

T1: without oleoresin and fried in palm oil. T2: without oleoresin and fried in rapeseed oil .T3, T4, T5, and T6:
fried in palm oil and contain 0.1, 0.25, 0.5, and 0.75% turmeric oleoresin, respectively. T7, T8, T9, and T10: fried
in rapeseed oil and contain 0.1, 0.25, 0.5, and 0.75% turmeric oleoresin, respectively. Results are presented as a
mean value = SD. The different superscript lowercase and uppercase letters are significant (p < 0.05) in each

identical column and row, respectively.
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Table 9. The sensory evaluation of noodle samples on the 1st and 120th days of storage
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Sensory parameters

s?l"linn]:le/ Taste Odor Color Texture Overall acceptance
Day 1 Day120 Day 1 Day120 Day 1 Day120 Day 1 Day120 Day 1 Day120
T1 820+0.63"  9.00+£0.00%  8.80+042% B10£031™ 590, 03140 690+ 031%  8.10+031% 9.00+0.00% 850070 800 0.00%
T2 7.60£0.69%  2.10£0.99%  7.600. £ 51" 2.00 108 755, 0708 25040850 8.00+0.00 8.00+0.94% 7400514 1.80+042%
™ 8.10:+031%¢  9.00+0.00™  8.80:+0.42% 9.00£0.00™ g0 0514 800£0.00™  8.00=0.00% 9.00£0.00% 9.00£0.00%  9.000.00%
T4 8100317 9.00+0.00%  8.00+0.00" 890031 90040004 9.0040.00%  8.00+0.00% 9.00+0.00% 9.00+0.00%  9.000.00%
T5 8.0040.00™ 800000 8.00£0.00" 8.00£0.00"" g4 0000 9.00+0.00%  8.00+0.00% 9.00+0.00% 8.00%0.00%  8.00:+0.004
Té 7100317 800000 7.20:+£042%1 7.90£0.56"" g 091 0008 9.00+£0.00  8.00+0.00% 9.00+0.00% 8.00+0.00% 8900315
T7 9.00£0.00% 3.10+£087%  9.00+000% 450+ 178  ge3. ggann 7104031%  8.00+0.00% 9.00+0.00% 890+0314 400+ 081
T8 9.00£0.00% 710+ 087% 890031 730£1.05" g0 0480 §60+0.514  8.00+0.00% 9.00+0.00% 890+0314%  7.50 1,08%
T9 9.00%0.00%  8.00£0.00% g 501000 82040425  9.00+0.00% 9.00+0.00%  8.00+0.00% 9.00+0.00%  9.00+0.00%  9.00-+0.00
T10 800000 8.00£0.00% 516, 0318 790+0564  9.00+0.00% 9.00+0.00  8.00+0.00% 9.00+0.00% 8.00+0.00% 8.0+ 0.00%

T1: without oleoresin and fried in palm oil. T2: without oleoresin and fried in rapeseed oil .T3, T4, T5, and T6:
fried in palm oil and contain 0.1, 0.25, 0.5, and 0.75% turmeric oleoresin, respectively. T7, T8, T9, and T10: fried
in rapeseed oil and contain 0.1, 0.25, 0.5, and 0.75% turmeric oleoresin, respectively. Results are presented as a
mean value = SD. The different superscript lowercase and uppercase letters are significant (p < 0.05) in each

identical column and row, respectively.
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Given the challenges in supplying palm oil (PO) for frying noodles in Iran
and the use of rapeseed oil (RO), this study aimed to improve the oxidative
stability of noodles fried in RO by incorporating turmeric oleoresin (TO).
Two groups of noodles were fried separately in PO and RO. Then, TO was
sprayed onto the noodles, and the quality characteristics were evaluated for
120 days. The samples containing oleoresin showed lower peroxide and
anisidine values than their control with the same frying oil. After 120 days,
samples fried in RO containing 0.5 and 0.75% oleoresin (T9 and T10) had
lower peroxide and anisidine values than the sample fried in PO without
oleoresin (T1) (P<0.05). A decreasing trend in thiobarbituric acid was
observed with increasing oleoresin concentration. The acid value and
conjugated diene of samples T8 (0.25% oleoresin and fried in RO), T9, and
T10 were also either lower than or not significantly different from those of
T1 (P<0.05). At the end of the storage, the IP of T1 was shorter than that of
T10, with no significant difference compared to T9. A significant increasing
trend was observed in phenol content and antioxidant activity with increasing
oleoresin concentration (P<0.05). There was no significant difference in the
overall acceptability between T10 and T1 at the end of storage, and the score
of T9 was even higher than that of T1. Therefore, it is recommended to
replace PO with RO, along with incorporating TO to noodles, especially at
higher concentrations (0.5 and 0.75%).
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