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Abstract: [ Objective]l Optimize the microbial fermentation and deodorization process of Gracilaria lemaneiformis (GL),
and provide certain technical support for the deep processing and utilization of GL. [ Method] Through the fuzzy
comprehensive evaluation of sensory, on the basis of screening out the combination of biological deodorizing microorganisms,
using the Box-Behnken response surface methodology to optimize the added amount of malic acidandsugar, inoculation
amount, time of fermentation, fermentation temperature factor parameters. Analyze the changes of volatile flavor compounds in
GL before and after fermentation by HS-SPME-GC/MS and other techniques. [ Results] The optimal deodorization process
is: the combination of deodorizing microbial strains is 1:1 Saccharomyces cerevisia 1J4 and Lactobacillus paracasei subsp.
Paracasei RP38;sugar added 2.0%, malic acid added 0.2%, inoculation amount 5% each, fermentation time 68 h, fermentation
temperature 29°C.After fermentation and deodorization, cyclooctanol, 1-methylcycloheptanol, octanal, nonanal, 2-nonenal,
(E)-which have fatty, fishy and fishy odors disappear, the content of 3-octanoneis significantly reduced, added aromatic

phenylethyl Alcohol, fruity hexanoic acid, ethyl ester, wine scented octanoic acid, ethyl ester, sweet scented hexanoic acid, 2-
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phenylethyl ester, coconut scented nonanoic acid, ethyl ester. [ Conclusion] The combination of JJ4 and RP38 is used to

ferment GL to remove the smelly substances such as alcohol and aldehydes, and increase the flavor substances such

asphenylethylalcohol and esters.Andit has obvious deodorant and fragrance effect on GL.
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Table 1 Bacteria inoculation program

AbEEZH Treatment group CK 1

2 3 4 5 6

B Strain HKA%ERh Blank treatment RP38

R23 114 RP38+R23 RP38+]J4 R23+]J4

134 BEIZERFRE W30 g BAE,
m () :m (ZEIEAK ) =1:2 B LBl B F 150 mL
B =R, R . BRJE, 100 °C /KA KA 10 min,
VG A KW . & BRI R B S DR S
(mim) F 1%, 2%. 3%. 4%. 5%, FERBREME
(mim) M 01%., 02%. 0.3%. 04%. 0.5%, f%Fh
B 1%, 3%. 5%. 7%. 9%. KBEEFE 21, 24, 27,
30, 33 °C. KEEMFE] 1, 2. 3. 4, 5d. [EEAIES
BRI 2%, RN 0.2%, B 3 Fh i
% 5%, KIEEWE 30 C. KEERTE] 3 do JRERBORIZR
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HOV- 3418
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Table2 Factors and levels of response surface experimental

design
7K>F Level
[X & Factor
-1 0 1
A: Fi#EFPE Inoculation amount/% 3 5 7
C: KEHEIE Fermentation temperature/'C 27 30 33
D: &P} [A] Fermentation time/h 60 72 84
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Table 3 Sensory scoring criteria of Asparagus

L E Weights

T

ftems % Excellent R4 Good £ % Qualified A& H% Unqualified
iRk (0.35)  TolERk PR 5. A Rk JIEA
Fishy smell Odourless The smell is not obvious Smelly Strong fishy smell

KR UAT i ki

REFFIIL, ik

REEEBGR, — Bt

RIEEEARYE, Tt

;ﬁ% (0.35) Fermentation fragrance, a strong ~ Fermentation fragrance is obvious, Fermented fragrance is lighter, Fermentation is not obvious, no
ragrance
& sense of pleasure there is a sense of pleasure generally pleasant pleasure
. N . BERRE S, 38 DR PERRELVE, & A BERANEH, 3E 2
Wk (025)  WIEHUHTK, &R FORHT, BORE HoREa, BOE—R PORADRE, GETIEE:
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Taste Strong algal smell, palatability .. I L
palatability palatability is average palatability
; . . . R o g g BB, AR
@i 005)  WUE, Tl B, B B, A e, WEAE
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Fig. 2 Influence of fermentation conditions on the effect of deodorization
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Table 5 Design matrix and experiment results of responsesur-
face method

e B KRB RN [ RE VS
Group Inoculation Fermentation Fennf:ntation Sensory
amount temperature time score
1 0 0 0 73.31
2 1 0 1 63.52
3 0 0 0 71.21
4 -1 -1 0 63.34
5 0 -1 -1 70.82
6 0 -1 1 63.4
7 0 0 0 71.11
8 0 1 1 62.44
9 -1 0 -1 61.83
10 0 0 0 71.57
11 0 0 0 72.86
12 1 -1 0 64.52
13 -1 0 1 56.81
14 1 1 0 59.24
15 1 0 -1 63.69
16 -1 1 0 59.82
17 0 1 -1 63.16
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Table 6 Analysis of variance of quadratic regression model

T3 22K SEI A H BJ7 FiE PlE BEME

Source of variance Sum of square Degree of freedom Mean square F value P value Significance
%! Model 423.77 9 47.09 25.18 0.0002 **
A 10.51 1 10.51 5.62 0.0495 *
B 37.93 1 37.93 20.29 0.0028 **
C 22.21 1 22.21 11.88 0.0107 *
AB 0.77 1 0.77 0.41 0.5404
AC 5.88 1 5.88 3.15 0.1194
BC 11.22 1 11.22 6.00 0.044 1 *
4 199.72 1 199.97 106.82 <0.0001 **
;4 48.52 1 48.52 2595 0.0014 **
c 56.47 1 56.47 30.20 0.0009 **
% Residual 13.09 7 1.87
RAYIH Lack of fit 9.03 3 3.01 2.97
4lii% % Pure error 4.06 4 1.01
KR Sum 436.85 16

T RN R, ORI R .

Note: “*’ Indicates significant impact,***’ Indicates that the impact is extremely significant.

4¥ Sensory score

i

S~

=

2

A dng|

Fermentation time/h

27 28 29 30 31 32 33
R IRLE
Fermentation temperature/ °C

b

B3 KEFIE RN & B A E) 32 B4 A S R E 1T 43 B M R T A 1 2k

Fig.3 Tesponse surface and contour map of the interaction between fermentation temperature and fermentation time to

sensory score

VTR 29 °C & BE 68 h, Wi (R B Ok, BB IR AR
R hf .

233 RHEABIEHBRIE N T KIER R Y] 5
P, G R T I 5 A T HEAT 3 R A R IE IR
¥, B3R R E R (73.420.94) 43, SCfE S
RIS ] 0.96%, ZRAEE (P>0.05),

A PR ZA 1 Je AR JC IR R, OF A MDA A R R
T HLid i
2.4 BRRERTE RSP AE & 1% XK R 5 L

K F HS-SPME-GC/MS 12 Xof i Bt 1if J5 14 Je 0= A
mn AT HE R ME UK g B, LA 1y 7 K28 54 Fodiar,
KRWERT R 36 Fh, KBESG R 37 B, AN SR 7,
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Table 7 Analysis of volatile flavor components in GL by HS-SPME-GC-MS
wEY A
o B4 Compound Y Relative content %
Number time index B L H L AT Flavor description fhg
. . Molecular CK
English name Chinese name Group
formula
e
Hydrocarbon
1 6.963 974 Cyclopentane, 1,1,3,3-tetramethyl-  1,1,3,3 -4 FREEFR [ A CoHyg 4424020  0.66%0.16
2 7295 984 Cyclohexane, 1-ethyl-1-methyl- 1-Z3k-1-F - bt CoHyg — 3.33+0.02
e
3 9381 1045 2,6-Octadiene, 2,6-dimethyl- 2,6- = FFE-2,6-3 I CyoHyg &R 1.184+0.20 —
Floral fragrance
1,3-Cyclohexadiene,1,3,5,5,6,6-  1,3,5,5,6,675 FE-1,3 -3 RE
4 14.443 1186 ’ ToTmT T ! C,H . 1.72£0.35 0.5610.12
hexamethyl- [y 12720 Fruity
Ay A =
5 16.223 1600 Pentadecane Ik CysHsy HASES 1.69+0.11  0.3140.09
Cypress and other aromas
TERE
Ao + _
6 23.419 1734 Heptadecane -tk Cy7Hz6 Floral and fruity 1.07£0.18
7 24.903 1870 Nonadecane E+ ke CyoHyg 652£0.60  1.1£0.08
W&
i G 7 H. 4110. —
8 26.285 2005 Eicosane EZAgE CyoHyy Coconut fragrance 0.411+0.21
9 26.377 2014  Heneicosane E=t—4 CyHyy 0.44+0.13 —
S
Alcohol
Bk, BE
10 10.35 1073 Cyclooctanol W C¢H,0 sk, BRRM 5.75+0.90 —
Fatty smell
HE I,
11 12.05 1121 1-Methylcycloheptanol 1-FREEFR RS CHoO ok, IRk 1.1640.18 —
Grassy, fatty
12 12.297 1128 Phenylethyl Alcohol p-H CeH,00 — 48.88+0.85
5,7-Octadien-3-ol, 2,4,4,7- (E)-2,4,4,7- 557 - Rk
13 15.032 1204 ’ T . . C,H,,0 — 6.3810.05
tetramethyl-, (E)- ¥ W3-l 122 Smelly
5
Aldehyde
, k. Hepivk
14 7.683 995  Octanal S Cel,0 4% Ok 235+0.16 _
Fishy, fatty
L e .
15 11.848 1116  Nonanal ETR CoH,50 Rl ﬂ%% 1.7740.10 —
Fat flavor, citrus flavor
" ¥V I YIS
- - E)-2-+} .83%0. _
16 14.082 1177 2-Nonenal, (E) (E)-2-F 1t CHIO i ond oncumber flvor 2017
- B
17 15.563 1227 Decanal 2 CoHy0 . 1.31£0.23 0.4810.06
Wine flavor
18 15033 143 Cyelohexene-l-carboxaldehyde, g gt gy CyoHy0 1744009  0.64%0.13
2,6,6-trimethyl-
o fEE
19 17.07 1292 2-Undecenal 2 —IEE C1Hy0 542+0.13  0.53£0.10
Sweet fragrance
48,12- i - 5,9,13- =M -4.8,12-
20 26734 045 H12-Tetradecatrienal, 5,9,13 : e + C,7Hy50 045+0.11  0.67+0.02

trimethyl-

VU =4
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waEw FAX
(B ] 59 e Compound e om Relative content %
4 L.
Number time index Wt 4R TR Flavor description b
K . Molecular CK
English name Chinese name Group
formula
[LEES
Ketone
- . YL
21 7.158 980  3-Octanone 33 CsH,0 BEE. RLE 19.7340.17  2.39+0.17
Mushroom smell, earthy
22 10.768 1085 Furylhydroxymethyl ketone ¥ FR LS CeHyO; 1240.14 —
- -2,5-di -ethyl-4- 3-2 Fk-4-FEE-E -2 5-
2 16307 1250 H-Pyrrole-2,5-dione, 3-ethyl-4 -4 - n%-2,5 CHNO, 71”1@ 0.5940.12 -
methyl- i Fruity
5,9-Undecadien-2-one, 6,10- 6,10- - H2£-5,9-F—W
24 20.904 ; T ’ Cy3H,0 2.094+0.18  0.73+0.06
1330 Gimethyl- 1-2-F i
3-Buten-2-one, 4-(2,6,6-tri -
25 21508 1576 uten-2-one, 4-(2,6,6-trimethyl- o v g C 3Hy0 6614007  2.68+0.01
1-cyclohexen-1-yl)-
26 26.835 2054  2-Nonadecanone 2- Lk C oH350 1.53£0.07 —
2
Ester
L - R
27 7.587 992 Hexanoic acid, ethyl ester CURR 1 CgH,40, Fruity — 3.65£0.17
28 15.331 1217 Octanoic acid, ethyl ester FHR LT CyoHy0, il — 6.82+0.26
? Wine flavor
29 16.85 1283 Acetic acid, 2-phenylethyl ester LK g CyoH 50, i 7 — 1.09+0.10
? Sweet fragrance -
=
30 17.845 1334 Nonanoic acid, ethyl ester Ry C,H,,0, LS — 0.4%0.13
Coconut aroma
[ N
31 19.758 1450 Ethyl trans-4-decenoate R4 LT C,1H,,0, — 0.98+0.45
Bad smell
o
32 19.921 1461 Decanoic acid, ethyl ester BRI Cy,H,,0, &% — 2.79£0.29
Coconut fragrance
. fF- Ak
33 20.866 1528 Octanoic acid, 3-methylbutyl ester £ 5 X C3Hy0, sl — 0.65+0.14
Coconut fragrance
2(4H)-Benzofuranone, 5,6,7,7a- e
34 22.381 1646 ARk Y g CyH,60. 0.8940.09 —
tetrahydro-4,4,7a-trimethyl-, (R)- BRI 16
2,2,4-Trimethyl-1,3-pentanediol 2,2,4-= 13- —fiF
35 23.237 1718 ; ’ " CyHs0. 0.58+0.09  1.39%0.14
diisobutyrate W] ERIE 1673074
36 23.297 1723 Dodecanoic acid, ethyl ester AR Cy4Hy50, el — 0.9140.04
? Floral and fruity -
37 24.071 1792 Hexanoic acid, 2-phenylethyl ester ~ CFR-2-K LI C4H0, — 0.66%0.17
38 25.668 1945 Pentadecanoic acid, ethyl ester IR 2.1 Cy7H3,0, — 0.3410.04
39 26.05 1982 Tetradecanoic acid, ethyl ester W H IR 2B C6H3,0, — 0.94+0.07
40 26.578 2032 Isopropyl palmitate KRR 5 A CioH340, 0.34£0.06 —
41 27.084 2077 Dibutyl phthalate MR W T B Ci6Hy04 2244016  0.65+0.13
" WA W
42 27.488 2112 Heptadecanoic acid, ethyl ester +-Lkelg 2.1 Cy9H350, Hé. k) — 0.14£0.06
Wax mcense, fragrant cream
43 28.296 2176 Phthalic acid, butyl hexyl ester AEHIRTHECER  CiHyuO, 0.8340.08  0.51£0.10
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498 R A 4R $36 %
gk
kel x4
e (LR ] (e R Compound R Relative content %
7 .
Keep Retention AFR -
Number time index W TR L x Flavor description Jas]
. . Molecular CK
English name Chinese name Group
formula
44 28.431 2187 Ethyl 9-hexadecenoate 9-FNBER .1 C,5H3,0, 0.2+0.07
45 28.48 2191 (E)-9-Octadecenoic acid ethyl ester  (E) -9-1 /\BRIGER LME  CyHss0, — 0.2140.06
46 28.75 2216  Nonadecanoic acid, ethyl ester TR 1 C,Hy0, 0.4740.18
ok
Acid
47 14.667 1192 4-Methyloctanoic acid 4-F SRR CoH,50, 2.49+0.03 —
48 17.296 1303 Nonanoic acid ER. CoH 50, 2.931+0.07  0.82+0.24
49 19.399 1426 D ic acid 2R CioHy0 Sk 044+0.17  5.21%0.18
. n-Decanoic aci 10200y el .44 10. 2140.
50 22.804 1681 Tridecanoic acid +=/ C3Hy60, 1.8+0.16  1.16%0.12
51 25.728 1951 Pentadecanoic acid + g C,5H300, 0.42£0.03  031%0.15
52 28.34 2180  Octadecanoic acid 1\ Cy5H340, 0.93£0.05  0.35+0.02
Sefts
Other
o &
53 9.705 1054 Octanenitrile EE CgH sN Potpourri 1.9940.43 —
54 22.145 1627 1,3-Benzenediol, 5-pentyl- S5-I HE 2 C,H,40, 1.92+0.12 —

T FoRAR .

Note: Means ‘—not detected.
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