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Abstract: To improve the nutritional value of traditional fresh and wet rice noodles, fresh and wet rice noodles with
deodorized spirulina were developed by using spice extract to remove the “fishy smell” of spirulina. The cooking quality,
texture, in vitro digestion, and flavor characteristics of the rice noodles were evaluated. The results showed that the water extract
of lemon (with a mass fraction of 0.25%) in combination with licorice (with a mass fraction of 0.2%) had the best deodorizing
effect, yielding the highest sensory score (24.67) for rice noodles. The optimal conditions were as follows: 1.4% addition of
spirulina, rice slurry fineness of 80 mesh, and a material-to-water ratio of 1:1. The cooking loss rate of the deodorized spirulina
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rice noodles was 9.03%. The breakage rate was significantly increased by 11.88%, the water absorption rate was significantly

increased to 4.24%, the aging degree was higher, and flavor absorption was stronger. However, the breakage rate and RS

content (47.40%) were significantly higher than those of ordinary rice noodles (41.51%), and the nutritional value was higher.

A relatively large difference in flavor composition was observed between the deodorized spirulina rice noodles and spirulina.

Specifically, the flavor compounds of rice products, such as nonanal, hexanal, (Z)-oct-2-enal, decanal, benzaldehyde, and ethyl

hexanoate, were retained, and the relative contents of volatile compounds that caused the unpleasant odor in spirulina, such as

hexanal, trans, trans-2,4-decadienal, 1-octen-3-ol, f-ionone, and 2,5-dimethylpyrazine, were reduced to 3.99%, 0.47%, 2.44%,

5.02%, and 0.66%. In conclusion, rice noodles with deodorized spirulina exhibited a high breakage rate, but they demonstrated

superior cooking-loss rate, flavor absorption, and in vitro digestion characteristics as well as unique flavor features that indicated

strong potential for broader application.

Key words: rice noodles with spirulina; deodorization; cooking quality; in vitro digestion; flavor characteristics
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Table 1 Sensory evaluation of deodorization effect of spirulina
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Table 2 Acceptance of the color of deodorized spirulina rice noodles
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Fig.2 Influence of different addition amounts of spirulina on the
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appearance and morphology of rice flour
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Fig.3 Effects of different spirulina additions on sensory

evaluation and color acceptance of deodorized spirulina rice flour
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Fig.4 Process optimization for the fineness and the ratio of

material to water in deodorization of deodorized spirulina rice flour

M2 5 AT, 3 R Bl 22 23 AT 45 315 0 i T R e
B Ko BE VRO IR 3R B AR SO REK L > 88
JEBETR NG > K RAMEL, mAERN T EXMHEHER
A2B2C2. £ 3 YCHATIRUEIRIG AT, it PERR e oK op
VRN 89 7. DML, fefE L E M IR e s n
= 1.4%, KICARE 80 H, BLKEL 1:1,

x5 BEBEEEAMIZRAESRBER

Table 5 Results of orthogonal tests for process optimization of

deodorized spirulina rice noodles
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Table 6 Texture analysis of deodorized spirulina rice flour
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Fig.7 Ion current diagrams of volatile flavor substances in

deodorized spirulina rice flour and spirulina
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Table 7 Analysis of deodorized spirulina rice flour and spirulina volatile components

A2 BE /%

F5 a5k 24k PR at i /s ES &4 CAS %
ki e
1 TE 368.26 Hexanal 66-25-1 3.99 5.56
2 JR B 460.517 Heptanal 111-71-7 1.29 0.00
3 F 559.666 Octanal 124-13-0 1.78 0.00
4 (22)-2- B Wik 595.078 2-Heptenal, (Z)- 57266-86-1  22.75 0.00
5 R KB 651.847 Nonanal 124-19-6  10.41 0.00
6 5- A1 R M -1- T B 674.823 5-Ethylcyclopent-1-enecarboxaldehyde ~ 36431-60-4  0.17 0.00
7 - FR -2-F Ml 684.295 2-Octenal,(E)- 2548-87-0  1.05 0.00
8 % R B 764.419 Benzaldehyde 100-52-7 2.16 1.62
9 REE 737.364 Decanal 112-31-2 3.72 0.00
10 +—8% 817.336 Undecanal 112-44-7 0.22 0.00
1 p-RAAREE 834344 O e 0 an257 204 000
T AR R B 838.773 Benzaldehyde, 2-methyl- 520204 014 0.00
13 B, Bo-24-% bk 964.591 2,4-Decadienal, (E,E)- 25152-84-5  0.47 3.76
14 AR AR TEE 1242.6 4,8,12-Tetradecatrienal, 5,9,13-trimethyl-  66408-55-7 0.13 0.00
it 50.31 10.94
15 TERT B 489.844 Butanoic acid, butyl ester 109-21-7 171011 -----
16 TR LA 505.124 Hexanoic acid, ethyl ester 123-66-0 2.94 0.00
17 JE B M A B 737.758 Oxalic acid, allyl heptyl ester 142-19-8 0.00 15.50
18 RBR LB 839.257 Decanoic acid, ethyl ester 110-38-3 0.14 0.00
19 TER LB 967.675 Acetic acid, 2-phenylethyl ester 103-45-7 0.15 0.00
20 iﬁ’f 22427 %‘ ;;@?; BRF 021 2’2’4'Tri“;fitsh£;1’y3r zgntaﬂedml 6846-50-0 003 0.13
21 ---------- - ) B 1105.44 2(3H)-Furanone, dihydro-5-pentyl- 104-61-0 015 --------- 000
22 AFAEBR TS 122297 Hexadecanoic acid, ethyl ester 628-97-7 0.31 0.16
23 ARR P B T B 1381.98 1’2'Benzﬁltfgiycl;izg’;ly)he"sﬁecjd’ bis(2- 84-69-5 012 023
24 AR FE-2-CATETHE 14883 2B e“;“:fﬁ;f‘;:}f;‘f éisct:’id’ butyl 85-69-8 000 0.4
N 554 1637
25 KB 525.983 1-Pentanol 71410 024 041
26 OB 617.269 1-Hexanol 111-27-3 137 0.41
27 1-F 4 -3-B% 697.349 1-Octen-3-ol 3391-86-4  2.44 2.57
28 SRS 701.432 1-Heptanol 111-70-6 0.53 0.00
29 2-THATE 728.813 1-Hexanol, 2-ethyl- 104-76-7 1.96 0.00
30 B iz 780.496 1-Octanol 111-87-5 0.98 0.00
31 * R K -2-F B3 824.066 2-Octen-1-ol, (E)- 18409-17-1  0.79 1.36
32 (+-)- B 843.718 Cyd"hexan"l’(f;g‘;t’gf)'j'i1)'_methylethyl)" 15356-70-4 024 0.00
3 e 854.992 1-Nonanol 143088 053 000
34 e 1007.62 Benzyl alcohol 100-51-6 0.09 0.11
35 B-R B 1030.2 Phenylethyl Alcohol 60-12-8 0.47 0.00
it 9.64 487

272




MREmBE Modern Food Science and Technology 2026, Vol.42, No.4

BR7
F5 Ak AR RGBT /s XL CAS 5 e
e ke kR
36 ) BF BR 243.686 Propanoic acid, 2-oxo- 127-17-3 5.19 0.00
37 2- & TR 464.777 2-Heptanone 110-43-0 0.00 0.37
38 6-F 3K -2- R 512.427 2-Heptanone, 6-methyl- 928-68-7 0.30 1.57
39 A 3 B 560.646 2-Octanone 111-13-7 0.00 0.37
40 1-3F ¥ -3-8R 575.842 1-Octen-3-one 4312-99-6 0.00 0.35
41 2,2,6- =% IR TER 585.659 Cyclohexanone, 2,2,6-trimethyl- 2408-37-9 0.44 0.83
42 2,3-3 595.929 2,3-Octanedione 585-25-1 0.18 0.28
43 A B M B 605.065 5-Hepten-2-one, 6-methyl- 110-93-0 1.15 2.59

5-FH-5-F RAR-3- Rk

3-Heptyne-2,6-dione, 5-methyl-5-

664.143 63922-44-1 0.00 2.32

-2,6-—Hr (1-methylethyl)-

45 3-3F M -2- R 667.073 3-Octen-2-one 1669-44-9 0.06 0.29
46 ﬁj] 3-+—f 787.268 3-Undecanone 2216-87-7 0.13 0.00

~
47 6-F A -3,5- R=Nr -2- BR 813.766 6-Methyl-3,5-heptadiene-2-one 1604-28-0 0.00 1.31
48 KT 857.997 Acetophenone 98-86-2 0.51 0.00
49 2,6,6- = F -3 b -1,4- —BF) 886.655 2,6,6-Trimethyl-2-cyclohexene-1,4-dione 1125-21-9 0.00 13.36
50 % AR 7 BR 915.291 D-Carvone 2244-16-8 0.14 0.00

- 2.6-+—#—
51 2.6 Wé_fé%; * 972.537 5,9-Undecadien-2-one, 6,10-dimethyl-, (E)- 3796-70-1 1.02 0.00
6,10-=F %-5,9-+— . .
52 S 2- 990.441 5,9-Undecadien-2-one, 6,10-dimethyl- 689-67-8 0.00 0.63
53 (E,E) -3,5-F& = }p-2-FA 1014.8 Nona-3,5-dien-2-one 80387-31-1 0.17 0.00
54 B-% TR 1047.72 trans-f-Ionone 79-77-6 5.02 6.71
4-(2,6,6- = F }-1,3- . .
55 e ZH-1-4 )-3- 1085.4 4'(2’6’6'Trm;e:gl_‘g°_12‘ﬁi’;a'1’3 “dienyD 503.08-3 0,00 0.38
T M -2- R
it 14.31 31.34

56 2- 9 Fortbua 542.056 Pyrazine, methyl- 109-08-0 0.00 1.26
57 2,5-— % ok 593.375 Pyrazine, 2,5-dimethyl- 123-32-0 0.66 7.82
58 ot 2,6- =¥ 3ok 597.402 Pyrazine, 2,6-dimethyl- 108-50-9 0.00 2.48

-3
59 2,3-= % foiok 613.407 Pyrazine, 2,3-dimethyl- 5910-89-4  0.00 0.13

% y Yy

N~
60 2-TH-5-F Aotk 651.622 Pyrazine, 2-ethyl-5-methyl- 13360-64-0 0.00 0.12
61 2,3,5-= % Fooa 661.348 Pyrazine, trimethyl- 14667-55-1 0.00 1.85
62 3-T A -2.5-=F Fokk 694.829 Pyrazine,3-ethyl-2,5-dimethyl- 13360-65-1 0.21 2.48

it 0.87 16.13
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F5 ok 2 AR PR it 18] /s EX A CAS % il S0
e key Wik
63 s S 351.252 Disulfide,dimethyl 624-92-0 3.71 0.00
64 LHK 396.338 Ethylbenzene 100-41-4 4.41 0.00
65 ALK 410.033 p-Xylene 106-42-3 2.14 0.00
66 it e 433.519 1.3 'CycIOhE’I‘SSIi;&E;fethyl""(1' 99-86-5 0.00 0.38
67 F AR 441.92 Benzene, (1-methylethyl)- 98-82-8 017 000
68 AR R 455.749 o-Xylene 95-47-6 222 2.05
69 3-TAFR 494.608 Benzene, 1-ethyl-3-methyl- 620-14-4 0.02 7.45
70 2B R IR PR 500.238 Furan, 2-pentyl- 3777-69-3 1.37 3.42
71 £ M R 536.515 Benzene, 2-propenyl- 300-57-2 0.16 0.00
72 i 5-TH-13-FRT M 560.35 1,3-Cyclohexadiene, 5-butyl- 30168-57-1  1.78 0.00
73 2-TH-45- = F KRBy 675.248 Phenol, 2-ethyl-4,5-dimethyl- 2219-78-5 0.00 0.94
74 BS B 710.058 Acetic acid 64-19-7 0.84 2.01
75 1-+ 2B 755.987 1-Pentadecene 13360-61-7  0.00 0.64
76 2,6-—&F R 768.671 Benzene, 1,3-dichloro-2-methyl- 118-69-4 1.21 0.00
77 1+t 845.233 Cetene 629-73-2 0.00 0.82
78 F R 868.984 Butanoic acid, 3-methyl- 503-74-2 0.18 0.02
79 E-1,6-+— = 925.736 E-1,6-Undecadiene 7493-07-2  0.00 2.62
80 2,6- AR T A F AR Ey 1026.96 Butylated Hydroxytoluene 128-37-0 0.21 0.00
81 2,4- 4 T AR B 1255.51 2,4-Di-tert-butylphenol 96-76-4 0.90 0.00

it 19.32 20.35
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