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Abstract: The development of seaweed salty flavoring could improve the utilization rate of seaweed resources and the
added value of products, which was of great significance. In this study, the preparation process of Gracilaria salty flavoring
was optimized by response surface method using Gracilaria flavoring base as raw material, and the taste and flavor

characteristics of Gracilaria salty flavoring were analyzed by electronic tongue and electronic nose combined with solid
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phase microextraction-gas-chromatography-mass spectrometry (SPME-GC-MS). The results showed that the optimal

process conditions for the prepration of Gracilaria salty flavoring were as follows: Reaction temperature of 126 °C, reaction

time of 39 min, xylose content of 5%, and glycine content of 2.6%, and the sensory score was higher under this condition

(75.11£0.53). The results of electronic nose combined with electronic tongue showed that Maillard reaction could improve

the salty and umami taste of salty flavoring, reduce its bitter taste, increase the content of sulfide and nitrogen oxide, and the

umami taste of Gracilaria salty flavoring was more obvious and the bitter taste was lower. The volatile compounds of

flavoring base and salty flavoring before and after the Maillard reaction were analyzed by GC-MS. The results showed that

pyrazine compounds were the main volatile compounds of two kinds of salty flavoring, and the content of alkyl pyrazines in

Gracilaria salty flavoring was higher. Moreover, alcohols, esters, and acids played an important role in coordinating the

overall flavor of salty flavoring. This study can provide a theoretical reference for the development of seaweed salty

flavoring.

Key words: Gracilaria; Maillard reaction; salty flavoring; process optimization; flavor characteristic
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browning degree of Maillard reaction and the
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of Maillard reaction
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Fig.6 Effect of reaction temperature on the degree
of browning, the production of intermediates
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VUARMEG I . & RS ine . N A E] fiﬁ
TR 2R, BB P53 i BB RS T SRR A R N
DAk 5, ni s i Box-Behnken il #53 M 4 %J‘E
2 2, [MIABEAIFN T 2857 Fr4s R LR 3 FiiEk 4,

EH % 4 AT, BRI 35 (P<0.0001), R HBIIAN
25 (P>0.05), FIRBIRIGE G FERBAR ARSI . H
SRS IINEL . SOBEETR] . S R 5 BB P53 \ZI‘EHE@
KFR, REEIRAE R koA #E R B

2 3 Box-Behnken i 50531 K 45 5

Table 3 Box-Behnken experimental design and result

RO RONMEEE] ARRSIE HERER

BED T0(t)  Bmn)  C%)  nkip(y) R
1 120 40 5 2.5 74.20
2 120 40 4 3 69.57
3 130 30 5 2.5 71.57
4 130 40 5 3 73.13
5 130 40 5 2 73.88
6 120 40 5 2.5 73.00
7 110 40 5 2 71.13
8 110 40 4 2.5 69.57
9 120 50 6 2.5 69.25
10 120 50 5 2 68.17
11 120 40 6 2 71.60
12 120 30 5 2 71.38
13 120 40 5 2.5 74.29
14 120 50 4 2.5 63.50
15 130 40 4 2.5 72.00
16 110 50 5 2.5 66.38
17 120 30 5 3 72.38
18 120 50 5 3 70.50
19 120 40 5 2.5 74.67
20 120 30 6 2.5 67.50
21 110 30 5 2.5 70.13
22 130 40 6 2.5 71.75
23 120 40 5 2.5 75.14
24 110 40 6 2.5 68.13
25 120 30 4 2.5 73.50
26 110 40 5 3 70.29
27 120 40 4 2 70.25
28 120 40 6 3 72.29
29 130 50 5 2.5 72.83

L4 FETRETHN M BRI
Table 4 Variance analysis of regression model based
on sensory evaluation

FERE  FHM ARE #Hy F(H PlEH  BEME
Model 183.62 14 13.12 11.87  <0.0001  ***
A 31.79 1 31.79 28.77  <0.0001
B 20.88 1 20.88 18.9 0.0007
C 0.38 1 0.38 0.34 0.5679

D 0.26 1 0.26 0.23 0.6382

AB 6.28 1 6.28 5.68 0.0319 *
AC 0.35 1 0.35 0.32 0.5803

AD  2.025x10° 1 2.025x107° 1.833x107° 0.9665

BC 34.52 1 34.52 3124 <0.0001  ***
BD 0.44 1 0.44 0.4 0.5372

CD 0.47 1 0.47 0.42 0.5252

A? 9.75 1 9.75 8.83 0.0101  **
B? 56.02 1 56.02 50.7  <0.0001 e
c? 47.68 1 47.68 43.15  <0.0001  ***
D? 3.69 1 3.69 3.34 0.0892

Fk2s 15.47 14 1.1

JAUT 12.93 10 1.29 2.04 0.2565 N
alifR s 2.53 4 0.63

S 199.09 28

TE: *P<0.05 77 22 505 **P<0.01 922 57 i 35 +** P<0.00 1 4 22 5 W b 25

PFE Hr =74.26+1.63A—1.32B+0.18C+0.15D+1.25AB+
0.3AC+0.022AD+2.94BC+0.33BD+0.34CD—
1.23A%-2.94B>-2.71C*-0.75D?, BB ¥ 45 #7132 [al
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AL s R R ss AR . E 7(a) alE H, 2
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Fig.7 Response surface and contour plots of the effect
of reaction temperature versus reaction time (a)
and xylose addition versus reaction time (b)
on the sensory score of samples
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Fig.8 Electronic tongue radar diagram (a) and principal
component analysis diagram (b) of salty flavoring

My . AEEY &, HILE SR AR mi
Y. AEAEY SRR ERE . B PCA R4
SIATIEL 9 (o) AT, 85— SR FNsE — = s my =it
TTHRFN 93.1%, B&F TFESRFERSHME B . HETT
N, SRR N AT S R ERE S iR R A 2= R
FEARIAE PCL L.

(a) wic —m— IR

0 Wwss —— JRURAAG
—a— VLB RS
—v— VLB R AR

~
=3
~
[3®)
(=]

S &
g
=
>
>
=
%)
@)

S w»
@

3

©n

L
S
T

PC2 (36.8%)
N

[ o SRR
TIST o kAR
=20 o VL& 2RI}
osfewmmskek |

-12-10-8 6 4 2 0 2 4 6 8 10
PC1 (56.3%)
KO JaURARE B HL 75 7R K R (a) AL AL 73BT 14 (b)
Fig.9 Electronic nose radar diagram (a) and principal
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2.5.2 SPME-GC-MS 7387 FES RS 51 %
PEALS IR S o 5A G, WNEk 5 FR, 4 DFES T
s e il 122 P R PEALG ), G 4 Rk nES |
21 FPmtkaE2S 9 RIS . 3 FhiiEE . 7 FhkmEds. 3
H25 . 3R L) . 15 FRESS L RS 22 Fh L B2
21 i, FEJE 10 Fh, HABIE 4 Fh, SERIAE VAT LIZE
B RUSR, HEE g AT S A [ g XU AR, 4 35 e

5 BRI RS P AR A

Table 5 Volatile compounds detected in flavor base material and salty flavoring

4 (R AR AR g/l
SRR R VLE SRR VLB R A
Nk 1164 - 435.56+33.67 - -
2-Z T FENL g 1576 - - 41.11+43.96° 18.33+1.44°
2,4,6- = HI BN 1355 - 38.97£9.67* - 16.07+1.54°
3,5-HIELNiEnE 1395 - - - 8.96+1.25
(E)-2-H 3-5-(1-A M55 ) ik s 1689 - - 26.09+3.2° 26.1145.55
1-FA NS I 1,2-a] k% 1972 - 41.245.69 - -
2,5- " H L3-S AR 1445 - 177.83+16.79 - 86.32+12.06°
2-2.3:-3,6- — HISLNL 1421 - 2059.95+60.99" 65.49+6.55 -
2-F N Ak 1329 - 63.87+11.18" 45.79+11.47° 23.73+4.59°
2-F 3-S5 ke g 1389 30.79£1.61° 245.15+13.71° - 94.37+12.27°
A 1189 79.25+9.74° 134.2+15.72° 174.67+19.41° 167.18+10.31*
2,3- ALk 1321 - 92.4146.65" 73.69+9.14° 110.04+25.88°
2,5- 5Lk 1299 257.73+23.12¢ 700.01+50.08° 392.85+46.81° 602.46+73.44°
2,5- T HE-3-(3- LT 58 ) ks 1634 - - - 23.05+4.24
2,6- L FEnk 1439 - 561.4+26.39° 31.96+8.35° 1012.44+175.98"
2,6- I i 1305 293.8425.63" 559.92452.12° 552.15+81.69" 578.12+40.01°

2-2 MKk -6- FR LN R 1463 -

26.14+4.6 - 11.28+3.66°
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SIRILE R VLE SRR VLE R TG
2-Z Hk-5- kg 1369 102.65+11.31° 363.54+18.39° - 494 .83+44 24
2-Z5k-6-F kg 1362 66.02+4.9° 210.4£6.64 135.83+18.95 214.5+54.07°
3,5- .0 5k-2- Sz 1490 - 42.87+6.0 - 51.1£13.16°
2-ZHFWRGE 1411 - - 20.93+2.56 -
2-Z Fnk % 1311 84.03+8.03° 142.01+13.5° 167.08+21.44° 151.87+35.34°
2-FH Bk 1243 371.12+37.3¢ 563.76+61.45 718.61+78.79° 570.31+39.7°
2,3,5,6- 4 H JE s 1452 - 77.33+£7.01° - 136.95+34.52°
2,3,5- = HI 5Lk g 1382 103.16+12.14° 409.63+22.9° 213.38+24.23° 472.16+66.3°
143t 1448 781.58+100.59 - - -
ST 1078 - - 28.26+5.14 -
3-H G 1739 - - 166.71£39.58" 249.29+37.06°
3-IVE g Y 1648 1230.99+176.24° 1194.88+171.42° 1031.59+114.63° 1051.714201.43°
L 931 59.03£9.43° 231.07+16.12° 138.16+39.56 -
R 1989 - - - 43.26+1.55
F e 901 - 440.97+2.09° - 359.41423.43°
fririe 1419 1745.7+373.34° 1126.66+140.77° - 1740.4+305.86°
K 1939 - - 254.45+47.43° 356.97+29.05°
EN) 1961 - - 40.04+20.35 -
SiiE=g-S N ) 1822 195.51+20.31° 131.47+11.55° 132.78+10.64° 53.72+1.88¢
AR iy 1959 157.53+19.7° 236.57429.16 - -
2- PRI i 1546 106.75+10.08" 53.5+8.24° 26.64+3.30° -
2,5- P KLk g 1580 36.68+17.48 - - -
5-H3E-2- 2 3L T 1585 34.46+5.78 - - -
2,3- 2k 1479 61.79+13.89" 43.51+4.29° - -
2-Z BRI G 1475 359.27+34.05 221.53+9.36 162.93+14.15° 62.67+3.09¢
2- PR L 1211 - 25.49+7.32° - 22.95+4.77*
22 g 1819 151.19+16.85 145.3+11.60° 66.62+3.34 48.11+6.8
1- - TH-RE % -2- 2. 1621 - - - 37.61+6.25
NG 1890 251.01440.15 121.1148.92¢ 308.06+21.56* 86.6+5.79°
4-2 BREIIAL N 2073 - - - 15.55+1.67
TR T 1057 - 29.26+5.90 - -
R = 1358 53.28+9.82° 79.27+1.58" - -
WE 1226 - - 30.79+1.33 -
5-G Bk Wk 2065 - - - 19.22+2.83
1,4,6-H1 - 1H-2,5- S It 1873 90.29+18.56 - - -
2-Z LN 1931 517.9455.54° 418.79487.9° 116.48+10.47° 91.73+14.03"
¥ =R 1313 - - 24.36+0.3 -
2- Mk % FH 1982 546.35+74.88" 137.42+19.15% 194.16+16.73° 62.53+3.83¢
1-Z FE-TH-ME -2 F 1582 40.81+14.92 - - -
5-FH kg 1543 1039.06+87.45" 26.76+1.5° 322.95+27.41° 24.16+1.77°
(B)-2-T i 1510 - - - 12.2242.69
3-BlTE 1433 2705.13+183.38° 622.04+39.52° 486.88+69.2" 569.74+69.69"
5- -2y R 1776 - - 135.5£67.93 -
R 1496 793.8+61.84° 53.12+9.24¢ 654.11451.32° 160.88+16.31°
2,4- F ORI 1781 173.91+23.58" - 90.18+38.42° -
K 1613 471.57+29.87 - - -
2R TR 1894 80.75+13.58" - 42.85+4.17° -
2-FHEL TR 906 517.14+185.23 - - -
5-FAL-2- N -2 O S 1337 - 27.59+2.34 - -
5-F R 2R HE-2- U M 1988 175.84+36.47" 76.74+10.7° 39.71+1.07° -
4-FPRL-2 -2 MR 1905 54.18+10.7 - - -
3-Hm R 1431 - - 199.15+18.83 -
R 2524 - 135.31£12.68 - -
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SIRILE R TLE RS VLE R TG
4-C -2, 5- T EARKI-3- £ R 2059 288.6+45.44° - 69.08+4.78" -
4-FRHE-7-H - 1,8- 280 -3- R TR 2020 - - - 16.43+3.48
(9E)-9- /\ B/ 1R 2142 - - - 226.67+98.16
9~ B iR 2122 - - 234.61+12.32° 183.16+8.56"
LR 1405 4143.514362.46" - 605.3+41.37° 49.5+2.88°
ARHIR 2374 43.4242.93 - - -
T 1592 101.34+10.59° - 41.79+12.6° -
SR 1633 781.55+77.86" - 211.87421.36" -
RSN 1731 110.3+11.68 - - -
g 1467 28.33+1.87 - - -
BRR 1908 45.54+6.87 - - -
= 1804 137.04+19.75° - 33.76+3.46 -
e 2220 41.2+13.43 - - -
WAV 2171 1050.81£102.7° 1380.69+154.42° 448.94£100.79° 238.67+12.87
R 2012 104.27+14.5° - 46.61+1.07° -
bl 2117 - 264.37+25.45 - 258.38+32.91°
3-FBL IR 1753 44.08+7.36 - - -
4-F IR 1763 257.41£37.2° - 43.7243.45 -
3] 1501 45.19+5.23° - 35.443.17° -
2-F R 1532 164.68+17.5° - 152.02+13.29 -

A 5 R 2644 80.23+10.67 81.86+4.72° 51.83+4.76 33.85+4.90°
1-(1H-NH M- 1-3) -2- R i 1489 57.45+13.53 - - -
2,2,6-= 51,432 1745 - - 52.33+5.74° 276.01+34.35°

13- 1- ) 1622 81.87+7.25" 32.05+5.65° - -
2- P 1165 - - - 42.65+8.25

5,6-—%-6-F - 2H-Bri itk ii-3 (4H) - 1718 36.94+7.18" - 36.11£3.67° -
2-T-fifi 1364 112.54+19.43 115.45421.24° 60.05+5.68" 67.46+7.69"
2 1263 - - - 47.86+3.76

FREEN 1277 - 133.48+5.61° 50.86+0.03° 286.74+39.08"

4-FEFL-5- 1 -3 - MR 2070 - - 16.29+2.39 -
2,6- 1 5&-3- B il 1253 48.25+7.21° 33.66+5.36 - 35.13£5.98°
3-T-Hi-2-Ti 1390 - - 109.94+5.79 -
3-3¢fi] 1234 196.5+40.21° - 290.59+20.45" 37.84+4.36°
5 3k -4- 453 1941 - - 18.72+2.55 833.4+67.82°
4-FH -2 (H) -k i 1851 - - - 9.94+1.06

AREEN 1694 52.97+7.48" 36.08+4.64° - -

3-THA TR 1530 - - 23.63+2.98° 18.45+1.93°

2-FRHEFR 2309 - 30.95+1.84° - 47.83+7.31°
3-T IR 1558 34.87+0.82 - - -

1-(3,5- - HIBEnE 3L ) 1R 1659 - - - 35.5+2.25

2,2- T HIE-5-(1-H LD 56 ) DU Sk g 1607 373.8+£105.98° 293.51+1.08" - -

NI 1571 - - 63.84+10.71° 39.49+5.78°
gamma-C 5 1671 - 46.93+3.44 - -
2- I -4- M g 1177 - - 122.44+6.35 -

LR 1504 40.75+2.58" 40.41+7.86" - 20.22+5.06
4T R L R 1599 78.67+9.54 - - -
2,2- TR LI 1233 - 75.99+16.25 - -

AR R — g 2323 37.94+4.27° 33.06+7.43" 25.32+4.97° 39.0143.65°

Pk R — 1 i 2252 - - 16.24+2.14° 28.81+1.75
2-ERL R TR 1262 - - 20.7743.25 -

SRR 1888 - - - 24.95+0.4

4-FP L e Y i 1883 617.23+100.13* - 265.43+0.82 19.76+1.50°

e AR R R B (P<0.05).
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