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Abstract: To investigate the effects of key processing techniques—namely boiling, drying, and vacuum freeze-drying—on
the volatile flavor compounds of tender kelp during the processing of freeze-dried soup cubes, this study analyzed changes
in volatile flavor compounds of tender kelp under various boiling times (0, 1, 2, 3, 4, and 5 min) and drying temperatures
(60, 70, 80, 90, and 100 °C). Furthermore, the study identified key volatile flavor compounds by calculating odor activity
values (OAV). The results indicated that the boiling process significantly (P<0.05) reduced both the variety and the relative
content of volatile flavor compounds in tender kelp. However, boiling time had no significant effect on the relative contents
of aldehydes, acids, esters, and furans. In contrast, the relative content of ketones and 1-octen-3-ol significantly (P<0.05)
decreased with increasing boiling time. The variation in the number of key flavor compounds in tender kelp across different
boiling times was relatively minor. The OAV value of 1-octen-3-one was the highest among all samples, significantly
exceeding that of other compounds, thereby indicating its critical role as the most important volatile flavor compound in
boiled tender kelp. Its OAV value was lowest at a boiling time of 3 min. As the drying temperature increased, the number of
types of volatile flavor compounds initially rose and then declined, with the 70 °C group exhibiting the most diverse range
of flavor compounds. However, the content of each compound didn't follow a consistent pattern with variations in drying
temperature. The OAV values of f-ionone and 2-undecanone were highest in the 60 °C group, while the OAV values of
aldehydes and fishy compounds were relatively low, suggesting that 60 °C was the optimal drying temperature for tender
kelp powder seasoning. The vacuum freeze-drying process didn't significantly (P>0.05) affect the variety, relative content,
and composition of key flavor compounds in tender kelp, indicating this method didn't substantially alter the overall flavor.
However, the OAV values of various compounds generally decreased, primarily leading to a reduction in flavor intensity. In
conclusion, selecting a boiling time of 3 minutes and a drying temperature of 60 °C contributed to enhancing the flavor of
freeze-dried soup cube products.
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Fig.1 Process flow chart of tender kelp soup blocks
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Fig.2 Composition of volatile flavor substances in tender kelp
with different cooking times
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Table 1 Content of volatile flavouring substances in samples with different cooking times
AHXT it (ng/kg)
5 &) aFR CcAsSE - - - - - -
0 min 1 min 2 min 3 min 4 min 5 min
[l 846.58+87.53" 262.01+33.13° 234.55+43.48" 213.81£56.7° 222.48+35.58"° 185.75+13.93"

1 IEC CHL,O  66-25-1 5623263 20.60£1.79°  20.60+1.06°  21.79+9.85°  20.86£0.70°  20.14+3.18"
2 B CH,O  111-71-7  6.89+£0.99° 1.97+0.44 3.09+1.39° 2.84+1.14° 1.98+0.19° 1.610.54°
3 2-CmiE CeH,(O  6728-26-3  15.61+1.58 - - - - -
4 Ve CeH, O 124-13-0  15.35+£3.85°  832+£1.01®  13.12+£1.40°  11.25+0.59"  10.02%1.23" 7.38+0.90°
5 S -2-Bekaig CH,0  18829-55-5  18.5040.70 - - - - -
6 T CoH;sO  124-19-6  162.22418.75"  4535£10.69"  66.89+6.06°  50.53£12.01°  66.31£7.66°  56.16+3.20
7 JL-2-2E T CH 0 2548-87-0  134.01£9.53°  49.48+1.97°  22.60£6.42°  24.53+5.71°  27.59£536°  27.58+0.50°
8 (BE)-4 LM CH O  2277-16-9  3.09£0.10 - - - - -
9 (2E, 4B)-Bi—JAi%  CH, (O  4313-03-5  35.09+£1.39°  23.8044.53"  13.6540.97° 8.07+1.14° 6.77+2.54° 6.28+0.89°
10 P CioHyO  112-31-2  53.63%3.86"  18.79+2.75°  19.80+8.24"  21.56£6.69"  18.8242.25"  14.37+1.08°
11 R -2-T CoH (O  18829-56-6 142.37+10.98 - - - - -
12 2-T-Jli CoH, (O  2463-53-8 - 41.01£2.00°  26.07+8.04°  13.78+5.70°  21.18+4.25™  17.23+0.38"
13 J2-4-55 CoH ;O  65405-70-1  4.48+1.33° 3.00+1.10° 2.25+0.19° 2.20+0.55° 4.06+0.98" 1.99+0.11°
14 (EZ)-2,6-EMlE  CH,, 0 557-482  59.96+8.73"  29.88+4.56"  13.41+2.09° 17.64x1.41°  12.64+3.01¢ 8.14+0.59¢
15 +—m CH,,0  112-44-7 8.88+1.38 - - - - -
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5 [ast’] FRX CASEH - - - - - -
0 min 1 min 2 min 3 min 4 min 5 min
16 BT CoH O 432257  22.894826"  24.13+1.44"  10.51£2.62° 8.65+1.45" 12.75+3.08" 8.26+0.88"
17 2-BE I E CioHgO  3913-81-3  16.29+0.27" 13.00+1.13° 8.59+1.85% 16.42+1.58" 7.75+2.16° 6.22+0.59"
18 (EE)-24-FMfE  CH,0  5910-87-2 - 2.98+0.32° 2.62+1.04° 6.64+5.24° 1.39+0.31° 1.64+0.05°
19 24-"HIEFRE CoH, 0 15764-16-6  3.20+0.98" 1.49+0.30° 1.22+0.42° 0.77+0.25° 0.89+0.06" 0.66+0.69"
20 2- i C HyO  2463-77-6  3.56+0.49° 1.51+0.10° 1.20+0.04° 1.73+1.86 1.35+0.42° 1.04+0.09°
21 i CyH0 122-3-2 12.63+3.81 - - - - -
22 (BZ)24-%TJ&HE  C\H,0 25152-83-4 24.59+1.85"  14.78+0.87° 6.96+1.48° 437+1.31° 6.46+1.06° 5.00+0.54°
23 (EE)24-%"JalE  C\H,,0 25152-84-5 33.64+5.42 - - - - -
s - e st
u 2 EES 6 L'”‘ﬁJr** C,H,00  21662-13-5  12.19+£0.51° 2.93+0.36 1.97+0.17° 1.04+0.22° 1.66+0.32° 2.05+0.26
25 PR CHgO  104-5-5-2  1.28+0.14 - - - - -
[iEES 256.34+18.27°  74.43+£8.68"°  53.46£6.77™  40.23£7.05° 37.07£6.66° 36.44+6.42°
1 1-2F065-3-T CgH,,O  4312-99-6  36.20+5.97° 9.78+1.09° 10.60+1.19° 6.58+2.78" 11.16+1.15° 9.10+3.57°
2 22,6-=HEIRCH  CH; O  2408-37-9  9.50+0.78" 1.69+0.09° 3.7842.27° 1.95+1.14° - 2.70+0.35°
3 6-HIFE-5-Piffi-2-0  CH,, 0  110-93-0  13.06=1.55 3.17£0.41° 6.01+1.04° 3.38+0.62° 5.17+0.88" -
4 2-+—R CeH,,O  112-12-9  4.96+0.58 - - - - -
5 A I SN R C H,,0  3796-70-1 112444224  16.62+2.66°  14.04+£1.07° 8.80+1.01° 12.05+2.80°  12.75%1.02°
6 B-EEE T C;3HpO  14901-07-6 79.40+7.11°  42.06+3.54° 18.75+1.17° 19.03+1.47° 8.11+1.24¢ 11.42+1.43%
7 TR HER C;3H,00  119-61-9 0.78+0.04 - - - - -
8 HELTR C;3Hi 0O 502-69-2 - 1.11+0.89* 0.28+0.03* 0.49+0.03* 0.58+0.59° 0.47+0.05"
72N 1.7540.39° 1.49+0.07* - - - -
1 R CH 0,  112-5-0 1.75+0.39" 1.49+0.07* - - - -
S - 1.53£0.23° 0.80+0.61° 1.00+0.96" 0.35+0.10° 1.52+0.41°
1 LRHATRE  CHp0,  93-92-5 - - - - - 1.05+0.35
2 ZEBAEEE C H O, 17092-92-1 - 1.53+0.23 0.80+0.61° 1.00+0.96* 0.35+0.10° 0.47+0.06°
=S 37.5120.82°  19.61+1.78°  19.30+£3.42°  11.25+1.74° 9.30+2.86° 12.06+5.90°
1 1= J-3- 1 CeH, (O  3391-86-4  35.59+0.59°  17.2241.59°  17.29+2.89° 8.98+1.54° 9.30+2.86° 9.02+4.17°
2 J CHigO  78-70-6 1.92+0.23° 2.3940.19° 2.01+0.53° 2.27+0.20° - 3.04+1.73°
U] 35.63+5.74° 5.60+1.11° 3.93+1.29 4.95+1.15° 6.05:0.84° 2.07+0.68"
1 2- % Ry CyH,0  3777-69-3  35.63+5.74° 5.60+1.11° 3.93+1.29 4.95+1.15° 6.050.84° 2.07+0.68"
RN 1177.81£112.75* 364.67+45.00° 312.04+£55.57° 271.24+67.60° 275.25+46.04° 237.84+27.34°

i FATAR NG FREREE 2 57 3, P<0.05; “—"Fon ARt ; %3, K5k,

XIS | BRI RN IR 2SS4 0T i A X B T AT 5 R
PR XUBR B 57 B8 S AR B 2 0 e 2 M (P>0.05) 21,
BRZSAN 1 -0~ 3 - B PR AR X5 ek DU i 25 5 il s R g 2
I 2 (P<0.05) Uil
2.2 AEEFIREHEZ ST OAV DT R KBXKL
&1

F S UK ) 5T XA i A S DT R BE AN
YT HAERE S RS B B, R 512 e R i
BIEA C", OAV M7 B HE—4H 4 X SRk o1
MR BE Y FEAR, AHOCHFSERI] 0<OAV =<1 ¥ iiia
AR E Y RARE W AR OAV=1 ik G
Wy R I SR R B B R AR R A AL TR
OAV =10 LG PR & SE i ) A/ < 2
Pyl K GC-MS il 1) (¥ 3 & ) AR P 45
WLBE R, 115 OAV, SrHT 45 Bt S AR I BTk
BE, 45 RUNZE 2 BT R, 0. 1. 2. 3. 4 1 5 min 4H4%F
16, 15, 15, 15, 14 F1 15 F OAV>1 [ 48 XK 4
JiT, A52H ) SR USRI BB 224/ N 1-2F045-3 -

) OAV (EAEALHRE S 3 e, oz s T HAth ik
EYI OAV B, iX EZEJ2 i T HAR A BVE BB LA
P T S T E . X R 1205 -3- B
Y DTHR R I i, I ELSE R S dn e, S R VT B
SERAYIRY BT . 1-0a5-3-BRE B R 5 S AL
B RRAR F=H 17, ELA R R AN R, ELHEAT IR
SO IAY € N ¥ i 7 N N 525 e BN SR 2 =i |
Feinrp, 25 3 min 4109 OAV {HE/N.

IS RV Y B0 T B R M X R Y 5, R
>k A BRI B ALK S . T E VE DL S b SE R
RO XU Z2 R, 3~4 AN IR T A R HL AT SR 2 )
PRI, 5~9 ABRIE T E LG E & . & . IBE X
WR, 3 B e M TR ELA ARG 1 B2 ARLA XU, [R] s K]
HAREAZ BUEBAR, 1226 Gt 2 A B AUk
YR B L AR AR 6 LA R AR N T OAV
(HI RIS Y53 538 (BB ) -2,4-5% I | 2-
T e X-2-T . Hodh (B.E)-2,4-3% Ml Fi
JZR-2-TREEARZHIN 0 min 2HIEHINA 1Y, 2-T4%
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Table 2 OAYV analysis of samples with different cooking times
B e cAsH Rk i Pl (ugke) —— _ OAY , ,
0 min 1 min 2 min 3 min 4 min 5 min

1 1= -3l 4312-99-6 Tt 0.003 12066.67 3260.00 3533.33 2193.33 3720.00 3033.33
2 (EE)-24-3MGlE  25152-84-5 7R, ME. I8l il %k 0.027 1245.93 - - - - -
3 2-TIfiE 2463-53-8 W, 6% = 0.1 - 410.10  260.70  137.80 211.80 17230
4 R-2- T 18829-56-6 BT R 0.19 749.32 - - - - -
5  (BEZ)-24-5 M 25152-83-4 KEEZE G0, IR 0.04 614.75 36950 174.00 10925 161.50  125.00
6 T-WE 124-19-6 NEWT | AT SR Fris 1.1 14747 4123 6081 4594 6028  51.05
7 (BZ2)-2,6-TJil¥  557-48-2 HK, g, B 0.8 74.95 37.35 1676 22.05 1580  10.18
8 (EE)-24-T MM  5910-87-2 Y. kL BRI . PEIR 0.1 - 2980 2620 6640 1390  16.40
9 SR -2- AT 2548-87-0 5111 € SN S SLN o 4 3 44.67 16.49 7.53 8.18 9.20 9.19
10 143l 3391-86-4  HOK. Yet. Bl AT BE A 15 2373 1148 1153 5.99 6.20 6.01
11 Vit 124-13-0 MG BRI, G b, Bk 0.587 26.15 1417 2235 1917  17.07 1257
12 Iy 78-70-6 TR AL A7 BOL 0.22 8.73 10.86 9.14 10.32 - 13.82
13 BT 432-25-7 A 3 7.63 8.04 3.50 2.88 425 2.75
14 ZEEE 112-31-2 BT IE AT BRI 3 17.88 6.26 6.60 7.19 6.27 479
15 B-ERE 2T 14901-07-6 1, 8P 2K 8.4 9.45 5.01 223 227 0.97 1.36
16 (EE)-24-BiTJ&lE  4313-03-5 JIgIs | B2 15.4 228 1.55 0.89 0.52 0.44 0.41
17 2- TR FE R 3777-69-3 B AT KR G 5.8 6.14 0.97 0.68 0.85 1.04 0.36
18 PR 111-71-7 HG . BRI . ghea, R 2.8 2.46 0.70 1.10 1.01 0.71 0.58

4 KBRS K B W3shttps://www.femaflavor.org/; “~" F/R ALK H; 4. K6,

PSR R R AT B o (B,E)-2,4-3% @Il
IR EAL =, 7T LIS 23R Strecker F# /5192
By =) e A SERIAEI B o B, W1 A 2 e A R ek A5
SR L FE AR A A 2- I FENERER? AR
) 0 min LR TP (B, E)-2,4-%% a1 7l fe
FEA NSRRI AR T RN, R BE M Tl
W RESL PR o 2- T R AR T b A 74,
SUAE B Ry 4 A B T BB PRI Sy A i e T i
W AR A A A . a2 - TR AR i EAT
TSR, (HAE SR BE R S5 7= AR AR AR, (AR AR
A 0 min ZHIERAAG .

o 2 W Y AR S M R R A BRI T 1-9¢
Jis-3-HRAMAT p-55 % 22, Hog A AEF . 550 27,
XAy R AR A UR B BR8] T 2 SCHE ZAE
JHo &I T 24P OAV 1H F R R, BB
BT TR] P B A Usl D iy g

B B rh OAV>1 HAT 1-7 Js -3- 15 il 0 A
P52, 1 -2 -3 - P SV Y R S S8 Ak ) B fi =4, L
B A R, SRR Y EEERY R 2 —, &0
A ] REAE AR Sy HoAth ) o sl DR R A R
M OAV {H TR, FFtamsE—FrE WL ik &4,
JE T RAMEEESS, BAT A AAT AR, X R i AR
LA A LG8, 2RI T B 243
XD P ki & B Dy R ] e HAG R ek
TR

25 PR, FE ] 3 min B, SCE T B SNy
KU BT 1-2745-3-B OAV {HBAR, IEMRERIE .

2.3 T T ZXWERss PIEA MR RS20

R T2 W3 (P<0.05) AR T 1 4R 4

RURP T OAV, T 55 3ARRXUBE . W By il 1
ARSI S, ASRTHE S XU, PRIk,
SR T R BRI TS B XU, g L i s
FEINAZ Y, LA E AR XU

X HS-SPME-GC-MS X A~ [a] Bk 13 3 T i
ZEUEHY MR PR R TR T 40T, [ 3 R 3 2h
AN TR RE - T0 BT T g 44 e AU B T 2 e S 5
MRS SR. fE 3 e 3 TN, AR TR R ik
2y vh K Y 39 PRI KR4 I, L e
18 Flr, Wi2E 8 Fh . BEZE 6 Bl WEIs 2 Bl BEE 4 Fb |
g 1 RF . 5 ML TR (60, 70, 80, 90, 100 °C)
Hr oA Y 35 B 37 B 34 B, 33 B, 31 FRE R
PERURY) R, Horp A Y 26 R FEEBE TR
T, R SRR R AR S B TR R RE
MEaH, 70 °C 40 XIRY A S 2 .

PRSI — PR AT, X 7= i IUBR Bk e, 48
WAty NE W5 B AR, AH At — 2B JEIE ) ot (LR 11
B . B IY SEPIAE I N 55 ) W nT BE DTk — 3B /s
Rk, Rk, B 3 FTHL 5 AR P s 5t
SERECT R TR R TR R B 2 RS, B
=, 31X 5 Zhu 2500 fURIFoE 45 58 —2., 5 dHREMh Pt
[Fl& A B S 13 B, 4350 0 IEC B . B,
R THE . X-2-URHE . (2E,4E)-BF s . 2508 .
(B)-2-TI@mE . I -4-25 1 2-— Il . 2,4-%% —Ja
P . 2-J2 -6 AT P R . B T
YRR AR Ak, IS T AR S AR AN R, S
Fe 5 S o EEE I OE & 8, 3X — 45 2R 5 Ferraces
SERT AR
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Fig.3 Composition of volatile flavor compounds in tender kelp
at different drying temperature
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B . 7S SRS B B | A RN B L - 55 B 2 A R
Pl o ey ORI p-55 20 22 A AN A v L DY P
B R 13 AL G Y, BAT Y AR
R, HAFTE TR ACRAAE b, RIS bR 4A
9,10 BEREARE ™M o T S AT A S
2 ZRC, At AR R e IR S N R A
fift, AR T ORI S R, A A T AR R R A A . I
SAFRMACE W) (BR . B BEFNRIR A5 A5 4D AP e R
A, Horp 1S -3- B S R R, 19 M- 3- B SRR
T I, TS B A A AR AR SR A BRI, TEK
R SRR R R YR — Y, R
AEAE DI PRV I PR AR AR A 1T )

25 LTIR, B MR A T, 3R AR IXURY)
SRR R I BTSRRI, 70 C 4
IR IFAP IS B 22, BEDS | PSS A48 2 o) 5 i fil
FBEIR B A I IO AR T
24 ARMETFREEZFET OAV DR KKK
=k

H GC-MS A F )45 2 PR UK 0 JBOAR 91 25
WRGE B (H, 11 H OAV (8, 43 BT 454 BT AR SR
HYTTRRE, 4520 a03% 4 PR, 5 AFEG P OAV {H %

3 R[FVHET R AT At R A P XU BT AR AR R 5
Table 3 Content of volatile flavouring substances in samples with different drying temperatures
A (ng/kg)
FF5 EY gt CASS
60 C 70 °C 80 °C 90 °C 100 °C

=S 171.45£18.71®  183.59+19.96*  139.67+8.74°  208.01£16.24*  101.06:11.80°
1 IECLRE CeH,,0 66-25-1 11.73+1.23¢ 16.99+1.15° 18.90£1.75  38.26+3.11° 10.67+0.56°
2 B C,H,,0 111-71-7 7.73+1.28° 7.70£0.75" 3.67+0.25° 4.79+0.46° 4.23+1.75°
3 (2)-4-Pelme C,H,,0 6728-31-0 - 1.52+0.28° 1.27+0.13° 2.25+0.27° 1.99+0.12°
4 T CgH, O 124-13-0 5.08+0.19° 5.63%0.69° 4.73+0.52° 6.25£0.59° 2.88+0.07"
5 T CyH,0 124-19-6 76.19+4.49"  8551+8.88"  50.81+2.89°  54.44+3.67°  34.37+4.86°
6 S22 CgH,,0 2548-87-0 3.70£0.13° 5.54+0.82° 6.85+0.16" 10.46+0.83" 4.03+0.34°
7 (2E, 4E)- B I C,H,,0 4313-03-5 7.89+0.56° 9.95+0.76% 19.5240.93° 35.83+2.34 11.87£1.06°
8 B C,oH,0 112-31-2 7.36+0.32° 12.73+1.52° 5.30+0.40° 6.79+0.88" 5.77+0.31°
9 (E)-2-T-Hl CoH,,0 18829-56-6 7.48+0.12¢ 11.67+1.39° 14.48+0.25 20.68+1.39* 10.94+1.53%
10 J2-4-58 C,oH;50 65405-70-1 1.57+0.19° 1.620.26° 2.80+0.22° 4.55+0.68" 2.04+0.25
11 TR C,H,,0 112-54-9 8.89+0.76" 9.27+1.16° - - -
12 B-IRFTEIRE C,oH,0 432-25-7 19.05+8.39° - - - -
13 2-54JhlE C,oH,s0 3913-81-3 - 2.13£0.31° 2.08+0.14° 5.70£0.11° 2.10£0.17°
14 2- i C, H,,0 2463-77-6 1.35£0.11° 1.45+0.12° 1.28+0.12° 2.63+1.32° 1.50+0.25°
15 2,4-5% T I C,oH,0 2363-88-4 5.84+0.49° 5.08+0.64° 6.61+0.61° 13.10+0.32° 6.64+0.29
16 = C;H,0 10486-19-8 5.08+0.33" 4.4340.65° - - -
17 2-RaE-6 i AR C,H,,0 21662-13-5 1.45+0.04" 1.10£0.24° 0.89+0.16° 1.80+0.20° 1.24+0.21°
18 PR 2 e C,,H,50 124-25-4 1.06+0.08" 1.27+0.34° 0.48+0.21° 0.48+0.07° 0.790.03"

[iEE:S 133.61£6.72°  70.54£19.97°  73.30£13.44°  115.89+8.95®  104.65+4.32°
1 2,2,6- = AR C,H,;cO 2408-37-9 7.66+0.83" 6.87+0.28" 9.94+0.72° 11.54+1.36° 3.47+0.46°
2 3-:05-2- C¢H,,0 1669-44-9 0.86+0.46" 1.05+0.26 1.10+0.03 8.26+1.34° 1.36+0.95"
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k3
) A (ng/kg)
¥ EY gt CASS
60 C 70 C 80 °C 90 °C 100 °C
3 2-+—ifd C,H,,0 112-12-9 8.93+0.30° 3.0340.15° 1.20+0.02¢ 1.43+0.09¢ 2.26+0.17°
4 4-F AR CH,,0, 1125-21-9 3.5540.10 2.76+0.58° 4.42+0.61° 7.02+0.82° 6.69+0.53°
5 AREBE S C3Hy0 1604-34-8 6.34+0.26" 5.28+0.41° 6.45+0.84° 9.49+0.63" 6.11+0.54°
6 il N | C3H,,0 3796-70-1 19.93+0.89" 12.86+1.93° 13.0142.13° 16.55+1.08" 17.74+0.67*
7 P55 2 C,3H,,0 14901-07-6  78.38+3.12"  33.07+14.56°  33.75+8.59° 57.64+3.45 65.48+1.18"
8 HELTR CH30 502-69-2 7.96+0.76" 5.62+1.80™ 3.430.50° 3.96+0.18° 7.65£0.36°
(72 S 13.78+0.97* 8.89+3.27% 8.36:1.06™ 11.02+2.28% 5.44+0.72¢
1 2-ZHETR CH,,0, 88-09-5 1.67£0.23° 3.73£0.77° 5.01£0.20° 6.69+0.85" -
2 B2 C,H,,0, 111-14-8 0.93+0.01° 0.72+0.28" - - -
3 TR CoH 0, 112-05-0 4.83£0.21° 227+1.11% 1.90+0.38 2.62+1.13° 3.43£0.30°
4 AR C,H,,0, 143-07-7 0.59+0.05° 0.44+0.13" 0.24+0.09 0.2120.13* 0.3140.02°
5 (G0 C sH;30, 57-11-4 0.88+0.34° - - - -
6 R TR C,,H,50, 544-63-8 4.88+0.13° 1.73+0.98" 1.21£0.39° 1.50£0.17° 1.70+0.40°
(&S 1.40+0.23% 1.70£0.39% 1.90£0.41% 2.10£0.06° 1.24+0.06°
1 LR AT R C,H,,0, 89-48-5 - 1.09+0.26 1.08+0.22° 2.10+0.06° 1.24+0.06
2 BRI g C,oH;50, 142-19-8 1.4+0.23 0.61£0.13° 0.82+0.19° - -
Pk 55.501.06 38.04+8.39¢ 55.096.30 80.66+4.94° 30.4145.35¢
1 1784 -3- P C,H,,0 616-25-1 3.53+0.34° 3.86+0.43" 4.87+0.17° 9.2240.27° 4.94+0.14°
2 1 4-3- 1 CgH,O 3391-86-4 33.51£0.14°  28.97+6.28"  37.72+4.54° 57.73+3.32 21.13+4.95°
3 1 =R C,3H,0 112-70-9 14.81+0.38° 3.05£1.25° 9.28+0.91° 8.70+1.27° -
4 5-F LML R C(H, 08 59303-5-8 3.65+0.20" 2.16£0.43° 3.2240.68" 5.0120.08° 4.34+0.26"
1K - 4.12£0.12° 4.68+0.18" 6.12+0.32° 6.18+0.81°
1 2- L -5 TP BRI R C,H,0, 1193-79-9 - 4.12+0.12° 4.68+0.18" 6.120.32° 6.18+0.81°

SR

375.74+27.69®

306.88+52.10"

283.00+30.13<

423.80+32.79°

248.98+23.06°

K4 ARMEEEEREA OAV 2t
Table 4 OAYV analysis of kelp powder samples with different drying temperatures

=3 o e N OAV
5 &Y CAS% KUt A FRME (ng/keg) 0 p—— 0T 0 00T
1 (Z)-4-Pesis 6728-31-0 HE IR P 0.025 - 60.62 50.80 90.16 79.73
2 T 124-19-6 SN R N SEN R 1.1 69.26 77.74 46.20 49.49 31.24
3 Je A -2- T 18829-56-6 izt 0.119 39.36 53.76 84.10 166.19 -
4 FRERE 112-54-9 RN 0.29 31.98 34.28 - - -
5 1-3FH5-3- 1 3391-86-4  #JK. et BRIT. 460 BEw 15 22.41 19.31 25.14 38.48 14.09
6 i 14901-07-6 A 1Y 25 35 22.39 9.45 9.64 16.47 18.71
7 2,4-5% I 2363-88-4 SERE L MKEL BRI . Ak 0.3 19.48 16.94 22.05 43.65 22.14
8 FE 124-13-0 MG Bl | 2k, ., EBR 0.587 8.66 9.59 8.05 10.64 491
9 S-SRI 432-25-7 FHAR 3 6.35 - - - -
10 PR 111-71-7 MG By, sk, R 2.8 2.76 2.75 1.31 1.71 1.51
11 T 112-31-2 PN VNS (N =11 ] 3 2.45 424 1.77 226 1.92
12 2-—il 112-12-9 R TN SLUNE (- 61 5.5 1.62 0.55 0.22 0.26 0.41
13 S -2- I 2548-87-0 REWI . KA B gt okt 3 1.23 1.85 2.28 3.49 1.34
14 (E,E)-24-BE IR 4313-03-5 AR AR 15.4 0.51 0.65 127 2.33 0.77
Y B OAV 182.04 26242 21783  369.92  143.56
T =R T

e YRR T, ELaE TR T 5, REH%
FAEARHAR L N AR LA BONET A, (SR
IR B, BT ERRIE EER . )it
HH OAV Rt i 19 T2 (2) -4- Bk T | - AT
H2-TME. (2)-4-BEIBMETEAS A L e 2% | SR 25 ANLL

ZRAFAERI KRS 2 H BRI, A 2 WA R
A9 FE AR 2 433, iy HL PR G R E AR, T3 A<
WRAPNE Fh A5 B2 E . T th Y R A R
EAbr= A, SRR . BT | RO, AR BEA
ARARE HA o 5 vy, XTI B A XUt A H T



- 332 - £ Tl B

2026 4 2 A

T|ETTER. REC-2-TEErTReck A NRITIR & 1k, At
TR ORIE R UM . FEZEY T 5 OAV {H
=g e e S 2 o G2 Al i el N L O
X AT RESE PR AR LT o R v S e A SE LA R B, M T
FEALTE ST, HRE A IR AR N SE AR /N 250
JE, TS TR S 100 °C B, ad IR S s
W I AR 2 FREARE, RLELTE 100 °C BHEESEI R OAV
(RN

5 AHRERIBEESSY B, AR 12 M-3- OAV
HE B T 10, HALEL OAV HE/NT 1.
e 1-27 -3 - BRI Ty UK 1) S22 Temkdy ot
Z—, BRSSOk TR B A A LA R | RIS
P J5T A3 I, B RIS v, X7 it A XU it B s i)
AN, AH— LA AN B EEAIC AN 1~ H-3-15, HAT
IR (R BT A R - BRI, Bl A A gy v () 2L 18
WPz —.

5 AR OAV BE>1 BRI G0 HA 2 Fh,
SR p-20 % 2R 2-—. ERZbE Y EEOK
VRTS8 B it 2 DA S AN R BT R B SR A I
BB, 285 2 PR A S SR T B AR A AT IR Y
T, B-ER B L ERM HAA AT 223, BRI
BIE A = H [ B B AR &, K OAV [HWLAS
%, BT R A AR BB STk . 2-1—
ERAT 25 AT SR 1T . BORWSIRIR, # 24
NGB XURF IR, (HJZ{YAE 60 °C A OAV>1, iX
Tl RESE R SRR R S I, 2- B A AR T

7 FTR, BTN OAV 1HBEE ML TR Y
PR AR IR 100 °C B, FESEY)
OAV 1H T %, H T R ZEESS Y AR 5 N #RFR
LA B, A S B — 2 BEAT, B
{2y = A JIH SR, T OAV {H-5 9 5 e ) il IE
L, BRI TT LK SIS BRI OAV (HEHLIRIY 60 C
ZHFN 100 °C ZH Al BES R B H B L g IXUBR . T iy
FEE TR B-52 2210, FEMLTHREE N 60 °C B
OAV {HEGE, {XAE 60 °C B, HAEH . &0 BT
AR 2-F—BEAEY OAV {E>1. HLTiEH ARy
FEEBRYE 1-2F05-3-B51 OAV {H MK E/IMK IR
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RN BRIV RIS R T v A PRI A TIRLRE S
2.5 EXRETIR T ZXNMEEH PIE A M XRIR
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TR T8 7K G R /K5 SR T R 22
B, AT ERITE XA &, HIE 4 Fn
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KAERBRAL G, AFEIESE 19 PR, ERZE 7 Fh | RS
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Fig.4 Composition of volatile flavor compounds in tender kelp
before and after freeze-drying
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F 5 mnE, BN B EEURIFEE AR Y B, BRZE
Yy BTAH R AR TE B R (P>0.05) 2257, 321
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AR/ BRZSFIRIt S R EE . PRk, R T 2% i
JRUAR (4 SE MR AS i 8 (P>0.05 ), SRR3Ry IRUBR U -
2.6 HFTHIEHEZ ST OAV DX XBEXIKLES
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Table 5 Amount of volatile flavour compounds in the sample before and after lyophilisation(ug/kg, dry basis)
Jr EY Ltk CASH /S il BT EKE
A 4673.19+545.33" 4578.29+559.24°
1 IEC CH,,0 66-25-1 317.69+27.61° 332.15+28.13"
2 B CH,,0 111-71-7 30.38+6.79° 23.91+2.14*
3 2-C C¢H,0 505-57-7 - 162.76+113.68
4 Vo CgH, O 124-13-0 128.31+15.58° 131.15+28.65°
5 T CyH, O 124-19-6 699.39+164.86" 747.30£146.71°
6 S22 CH,,0 2548-87-0 763.08+30.38° 682.10£67.61°
7 (2E,4E)- R It C,H,,0 4313-03-5 367.04+£69.86° 262.07+40.43°
8 ZEE CyoH500 112-31-2 289.78+42.41° 274.88+42.54°
9 2- T M CyH,O 2463-53-8 632.46+30.84" 629.51+£37.96°
10 J-4-58 1 C)oH 50 65405-70-1 46.27£16.96° 40.47+3.08"°
11 (E,Z)-2.6-T-—Jhiit CoH,,0 557-48-2 460.81+70.32° 447.75+31.70°
12 - CoH,0 432-25-7 372.13+22.21° 358.2742.98"
13 2- B3I CoH,;s0 3913-81-3 200.49+17.43° 154.67+4.24°
14 (E,B)-2.4-T-—Jhitk C,H,,0 5910-87-2 45.96+4.94° 38.01£2.21°
15 2,4-Z HIER CoH,,0 15764-16-6 22.98+4.63 -
16 2 C; H,,0 2463-77-6 23.29+1.54" 18.47+1.14°
17 (E,Z)-2,4-%% s C,oH,0 25152-83-4 227.94+13.42° 200.26+1.47°
18 2-J -6+ C,H,,0 21662-13-5 45.1945.55" 45.51+4.18"
19 X R A BN C,H 0, 123-11-5 - 29.05+0.33
i 1130.74+120.13° 1078.06+94.25*
1 1-2F4fi-3-Td C,H,,0 4312-99-6 150.83+16.81° 151.50+21.94*
2 2,2,6-— H B LR CyH,,O 2408-37-9 26.06+1.39 -
3 6-FH Jik-5- P -2 CeH,,0 110-93-0 48.89+6.32 -
4 2-+—FH CeH,,0 112-12-9 - 18.87+5.74°
5 Tt HEP R C,,H,,0 3796-70-1 256.31+41.02° 256.4+19.56"
6 BT T C;H,,0 14901-07-6 648.65+54.59° 651.29+47.01°
7 FER C;H,,0 502-69-2 17.12+13.73 -
(72 22.98+1.08° 16.76+0.65
1 T2 CoH,50, 112-05-0 22.98+1.08° 16.76+0.65
firk 23.60+3.55° 3.49+0.57°
1 B P g C,\H,0, 17092-92-1 23.6043.55" 3.49+0.57
=S 302.43+27.45° 305.4+23.76°
1 - H-3-1 CH,,0 3391-86-4 265.57+24.52° 270.61+20.88°
2 Iy R C,oH,50 78-70-6 36.86+2.93 34.79+2.88"
VR 86.36+17.12% 90.91+2.52*
1 2- R L R C,H,,0 3777-69-3 86.36+17.12% 90.91+2.52°
SR 6239.30+714.66° 6072.91£680.99*
£ 6 URTHIEREM OAV 40T
Table 6 OAYV analysis of samples before and after freeze-drying
5 oy CAS kst B (ug/ke) _ OAV _
IR HTREAKE
1 1-3F45-3 -1 4312-99-6 et B 0.003 50276.67 50500.00
2 2-T- I 2463-53-8 R, 5% > 0.1 6324.60 6295.10
3 (E,Z)-2,4-%8 It 25152-83-4 RIEFE @, Ik 0.04 5698.50 5006.50
4 T 124-19-6 TN 2 e SN F R 1.1 635.81 679.36
5 (E,Z)-2,6-T- —Jsfi 557-48-2 ) S SN 0.8 576.01 559.69
6 (E,E)-2,4-T- —Jsfi 5910-87-2 B WE . BRI PEIR 0.1 459.60 380.10
7 FE 124-13-0 R Bl e, i, S8R 0.587 218.59 223.42
8 1-3FH5-3- 1 3391-86-4 ] NN o 1 N B BN 1.5 177.05 180.41
9 iy 78-70-6 TR AT BUR 0.22 167.55 158.14
10 B-ITIEE 432-25-7 AR 3 124.04 119.42
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g6
s e CASE Sk i Bt (ugke) oAV
TR HTREAKE
11 JE I 112-31-2 AT INKE . B IR 3 96.59 91.63
12 BT LT 14901-07-6 IR P 8.4 77.22 77.53
13 (2E4E) -5 —JaiE 4313-03-5 s R 15.4 23.83 17.02
14 2- L g 3777-69-3 Bl LA KR G E 5.8 14.89 15.67
15 2-ZR )G 3913-81-3 A 17 11.79 9.10
16 P 111-71-7 R il | afo, RO 2.8 10.85 8.54
17 IEC 66-25-1 SR, Rl B, Sk, i 61.5 5.17 5.40
18 2 -4-23 1 65405-70-1 AT | A6k 25 1.85 1.62
MOAVIH 64900.61 64328.65

P At e T P ZH A o 1) R S XU ) T R IS, 5
URTATAA LL, R T2 K G REHIEZEYI RN OAV H
BRI R, (HR SR XU BT iR 2 B T3 B
A5 PR LH ISRV T OAV (R 5% 55 14 LRI ) I
H K 2-TFIETE R (B, Z) -2,4-2% I . 2-T IR
(E,Z)-2,4-%% AR 2 IR 1Y F= 242 2 ) A Ak
7o), BN, 2 tbE 4 OAV ERT 1 IR
A P-EEE LR 1-20045-3-H . FESEY OAV {H K
F 1 0 G DR, HAA AR AT

£ LR, YR T A X CER A XU 2H 1% 1452
M AS A, VRS SCEE KU ST 2l AN AR, (H454)
JiE OAV {H s [, I 2L SR KU IV
3 g

ASSCHFER T W VR T R O T
TERR R R R B 9 ARk, FIIFH HS-SPME-GC-
MS RS T A BT R As VR TR A S SRR
T T 2Ry F 3 e X UR 4 o 20 2 S 7
SIS EaFEN, BB

P IS RIS S 8 ) RV TR AR S e 2
FE R AR IR 5, 26 T2 5 35 (P<0.05) REAIR I 2
T IR R XU SO (A AP IS A 2, Tl Bsh
[FIXTRESE | FR2E . BRI RN R BT (A T & AT
A S USR8 TR 1 A X G B 35 1 (P>0.05)
RN, RSN 1205 -3 - A R X 5 e D) s 2 2 el g
] 8 i S 25 s/ (P<0.05) o AS[aE] & thil sk R] RS
TR SRR R B ZE RE RS/ . 1-2E M -3- T AY
OAV (HAEALHRE S vh 35 Ryt v, Hoa e T HAb LS
Y OAV (B, J2 35 Hil BBV B OSBRI H4E 2 M AU
W5, WA R ST AR S B BT R TR, 24 2 s ]
4 3 min BFH: OAV {HH/]S, JEHREBIR -

PSRN 2SS M IR VgAY TP AR X AR
IR PERURYI BT . BEE ML TR 0 BT, FERPEXL
R4 AR R R 2 B e TR TR, 70 °C
LI RURY RS e 22, DS | RS AE A5 S o) &
i A R IR P B AR TR AR b, 60 °C 4]
FY B-25 27 L HAAN 2-1—[H OAV {H &=, FLEEZEY)
JTHUERYI TN OAV (EAAIL, BEIHERE 60 °C 1ER
VR A A PRI E R TP s Rk i A

hE .

BV VR TR 2R IR IRHT 43 A XU A
JBT AR S FAR X 5 F 9 R A2 i 2 (P>0.05) 5211,
FRWNZ T 2051 3 A WV R B AR XU . 3
ik OAV At YRR R B IR ot 19 ZH AN AE,
(AW OAV {H 3 T R, 35 2 FPsIR XK
HIYER
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