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1 %S4 BR B AT PR KUK 2 1L

FoHV OEkW O XM od #£7 F %"
(1. FEEERLFEHRS S THEER WA HFE  266003; 2. HEKFRSAHEEEEKZHER LA HE
266071; 3. H S ERASHEAKL S EEALREBELGYESEYHSHIIELEE IR HE 266235

M= AyBmREIRE AT REARFAAEZNARTER, EBFLIRAEHFRKE, 24%. )
TR NE RS A RCBR L, T 5] A B AR R X sk R AL . 7 | £ (Apostichopus japonicus) %
BaEAMMEIHGR AL, BARFHTRARN R, ARAHR S r&%%%L%£¢§Sﬁﬁnﬂ
RINRMAE, RAFHEEOBYEATHE, dTEFIRTTAREAR. AXRSEA. HHA
HBAR, EAERDWECERHFATT RN . ERER, RS riﬂ%/wm*mwm
MARBRSDNWEAEEST N 1.14 #1015 /100 g, ¥ A & G 7 42 B8 A 3T 30 min Py R 1 4
ZE HEARFELE, %%W‘** E7EH 90 min P FE B [A) ZE K T & A7 84 e, 90 min J7 HH T,
90 min A KM A, Ik 43.66%. [ BEAEA A A IE K, B AEUR By BEeR R PG R, JESRRLE, #
RATE R TR, B B AKR A E L F W n(P<0.05), He, EHRNAAREGERST,
HRAZHAWHERITAR, Tﬁﬁﬁl t&ﬂmﬁﬁﬁrﬁ% ARRKEWE T, BEMEFAANEEY
AR, —WHRBREERERK, XTHEEHARERRTNEERR,

X AR KEEE; %%W; GC-MS; R

FESES S98; TS254.1  XEAFRIZES A XEHS  2095-9869(2022)06-0239-10

%)@ T M 8 1] (Echinodermata) . 249 WS . AR PSR AIZL, HAT, XX L)
(Holothuroidea), 4 F iS4y 900 ZFp, Hrp 40 P TR MREEEARAG, ALE B8 HEER, Gl
A (B R, 2001), HEDEHHAR SR FEETG YRR IR IR 9% (Mamelona et al, 2010), 5%
HERKME S, 2020 477 A F] 196 564 t (R MRS &R EASun etal, 2017), # 1T L REEHH
R v B B R, 2021, FRAFIEONTHIS mAIEEE . BSEHERESHIES SN, B3R,
(Apostichopus japonicus), FE5 X 7EL T, 1l TG NR AR 2 R PE 4> (Yang et al, 2020; 5 3OS
IR, MRS, (520 TR [ 24 B[R] Y LR o A %, 2010; 5KfE%, 2013). Mamelona %(2007) % 3K,
FLA e B N2 55 KVG PGS P AR P B 25 R0 B RS T A, T

WS EA ANRS, IEGS R LRE, B FERRARPUEFDR R . KPP —Se i IX, gy 22
SERDHEATIN T, i T R AR A 30% 245 YRR, P T 3 1) i R 0 AT 2 9 D TP e SR ME R, T
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RS AR MRS R A A FOR TR (Drumm et al,
2005). fE HAS, ISP IR TR AL A8 55 D) i
PEF= &, O0A% & B (B R4, 2020), 110 Tk R Sk
Ji (R T 2 )RR B SR ARAIG o

WSHREA SRR, S8R A BE N
XIWTEE, 2016), WHEIFEWE T, EYBGEE S8 &
TR SR A 35 F B, T LK R 4rF 26 iR 5
v i BLAA R T AR /N T RRSE E ER , TR
i, 7E—E B BE I 2% A JEUR} IR R 5 119 7] 81 (Wang et al,
2018; Li et al, 2016), AHFFE LA R SAE IR R 5K,
SR I B A 58 0 37 ) T A F (R 2R 48, 2012) X 05
SRR TR, SRR AR P A R . AR
DA G RBHATRM M, XFRBRAE I TIFT
VIR g 05 00 S0 B A 56 7= i B T BRI S5

1 #wRERZE
11 FTHHREEE

D SRR R L 2R B T B A R R
FOBAEFR BRI RS 70 558, hirE
HEF20 J7 Ulg). A M3E HE M . R . A R
B SEH R, KSR . LR, W ZBERER A
TR BR & A X M I F= A W) 1 ) 24 4 Ak 2R
FRAT

SHA-B AUE R E 5 KB E (LA M E e i 3
FRZyF]); Centrifuge 5804r AU R ES L IL( & A
YIRS A A ) ; UV-2800 B4 HRAT T4 BE 1
(g e e sap AR A BRA ) ; PEN3 (H#5 i 1 &
(AIRSENSE A ], f[E); L-8900 BIE KM A 5150 Hr
U(H LR, HA); 7980A/5975C RIS AH
R X (Agilent A A, SEH).

1.2 SRIEHE

1.2.1 45 ) AME A B R R 0 ) & ISR i )5 ) =
PERRATNE , HeRHR I 12 3 (mv)IRAS, A EER
fitt 2000 U/g, 7£ 45°C T§f# 2 h (E2R5%, 2012), [
fift L R 30 min BU—IRFE, MEAT AR PRI AE

122 TEBEEGLIMNE B 5.0 mL
AR TCA (T 7350 15%), ## & 20 min
J&, 10000 r/min B.0> 10 min, FIHWEARZE 10 mL,
B mL R, SR AL IR HE (27 (7K 42, 2010)T1
ENEHE A

123 ALBERA TN

7z Z M GB/T 5009.39-
2003, SR S Eb 6o e 5E

124 KFEEWHE /K DH (degree of hydrolysis)
F B U R A, 2014174
P =R+ (N, —Np)x9.14
N, —P —N, x9.14
K, Py AR AT AR B B (mg/g); PoA
IR ARSI 2R T M B 0 i (mg/g) 5 N, A il
WP LR S A S B (mg/g); Ny MK iRl 2) 3 b 4
FEMR A A B (mg/g); No M EE LR % & (mg/g); 9.14
FERIRS R G E@AIEIRZ B R, DL 20 Fha
FERV- Y5y 128 Da it
1.25 B R AR 4R T K 2 W A 85y
TS 2 Vi 5 28 R R
1.2.6  FEL MR LW T K H PEN3 HiL T 84047
PPV ) SR A AE . B 1 mL RS T T2,
JEFE 15 min, MEREIE 10s, #MEFE 60s, JHYER
] 60 so HLF 55 % 25 5 F FH WinMuster #1772 PE 3]
543 H7 (Linear Discriminant Analysis, LDA),

K GC-MS i ifige ot R 4% & M 20 R AR ) 25
AT — 00, SAMHEAIES: HP-INNOWAX £
A (535 FE(30.00 mx250.00 pmx0.25 pm), 325°C,
#HA N He, rimiibei=, /it 5 : 1, i
4 5 mL/min, 1HJE N 48 kPa, #EAEdR K 20 uL, #EiH
RE K 40°C, 1£4F 5 min, DA 8°C/min J}5] 250°C,
PRA¥F S mine JEiE A B FURIERE R 230°C, UMK
FFELEE 150°C, Bt TS 30~400 u, HIFHERE
R 70 eV, 8 i TN R E NIST 08 47 2 141
M, $2 B0 T R — AR R T A S
127 REFH CHFERBEHLGS, B o6 izt
BCEPEE U A ST /N, F5 32 1 Ao )
XS MR BT T, S5 SR DO E R
1.2.8 #IEL SCEE A 2 W, BRI 3 A PAT
FEAL, 45 DO E PR 22 (Mean:SD) %7~ , ]
Origin XA XT BT E 20, RA t-test HEAT
) 25 5 VRS HE, P<0.05 25 5 i 25 .

DH(%)= 100

2 HRE5HW
21 fiRZHRERIETAEEAR. SERS
ARESKBENEWL

5 00 SV o o A T VA R R T L AR IR S A
FHEAREANE 1a R, ST TR A R R
THA 1.14 g/100 g, FERT 30 min PYIRGEIE N %
4.80 g/100 g fofi, ZJEHARRFEAAL . AHEREH
FrEETERT 90 min PN BE [A]AE K I 2 E 8 0, BI4G )
WP EIERSRA T RN 0.15 ¢/100 g, 90 min Afik
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Tab.1 Sensory evaluation standard for flavor of
enzymatic hydrolysate

AU i FRAES A I
Flavor characteristics Flavor description Scores
R Fresh fER IR R, 15 A Stronger 5

EE R i, ) %25 Strong
ER— B, FIZEHE Average
ERERIR , A5 %208 Light
TCHEEEEBR Not obvious
TR Stronger
TIRILE Strong

TR — B Average
TEBRESIR Light

JoF I Not obvious
M Stronger
JPRILE Strong

AR — B Average

JR R Light

T Not obvious

EH AL B Stronger
FfPR3L & Strong

HBR— 8% Average
THBRER T Light

TCETK Not obvious
MR T Stronger

JESRE, XELLEAZ Strong
JEBR— M, AT 5% Average
JERETR Light

JoJE R Not obvious

HrIE Bitter

Jal R Salty

FHR Sweet

I Fishy

— N WA = N WA = N W R =N WA =N W RN

#] 0.50 g/100 g, ZJ5mMEA T, HESIFAEE
(P>0.05). 7K fif B e My 2 2 (1 JBOK SRR B (R 48 A, ]
T Ao R R b AT A AR R SRR A A
ARALF R . AN 1o Fias, 7K P ik sl ) 2iE K 52
FF#EFE, 60 min FHETFRE, 90 min B /KX
43.66%, 120 min B} 7K fift BE WS A %, {H 5 % 60 min
F1 90 min A4 7K f# FE AR LG I 35 22 57(P>0.05) . 7300 A
SE(2019) 5007 T 415 N HY B B, KRBT AR
JO K A JEE R 22 S8 0 5 AR PR AN AR A A, AR
FAER G Z FAR—FL,

22 RS HREBRANBRETNER

LAZKT™ il 0 T8 7= 40 8 DR EA T A, 45 3 ) il
fige 7 MU AE R B 22 (EFIABAE, 2014) . Bt g A Y
PEAT, ROr T3 R BN DA /N o 1 IR DA L e
MR o — BB (IR Z IR BAT SR, AT 52
W T AP IR P XU R IE o S IR, PRBERG A R, 2=
Al — LN TR S (R AL AE, 2018), 3

6r 5 - AT A AR Soluble protein 10.6
5 - -o— FIFRAA Amino acid nitrogen o T
*g gﬂ 5+ . 10.7 8 o
23 — % : 8 %
S 105 g
S 34l —t— 35
i .8 g
Rl ,/// {04 2
o et * g
g © 103 ®.5
# 5 2k ol
%S {02 & o
7 B
1 Jo1 ®
0 30 60 90 120
Tty fee i)
Enzymatic hydrolysis time/min
50
& b
2 —— &
Z 40} ////j 4
]
3
230t
G
=]
8 20
1)
a
H'i( 10 -
&
% ol
(I) 3I0 6IO 9IO 1I20
et e o[
Enzymatic hydrolysis time/min
K1 iR R s R DI PR B E SRR
SR (a) 5 KAk EE (b) AL B
Fig.1 Changes in soluble protein, amino acid nitrogen
(a) and degree of hydrolysis (b) of A. japonicus gonads
during enzymatic hydrolysis
HEBR
Fresh flavor —a— 0 min
5 —e— 30 min
I —— 60 min
90 min
—*— 120 min

R TR
Sweet ﬂavo)r\'\,\ K///Einer flavor

IS

SR Fishy flavor

Salt flavor

B2 DS D e i i R R B PR
Fig.2 Sensory evaluation of A. japonicus
gonad during enzymatic hydrolysis

M R AP VR 1) K

5 ) 2P o T o R 1) R B PR 5 RN 2 B
Wi 5 T i S R SO, AR YR ) B IR T3 i , T RE
TR E L T R 2 BRI B R A OC, L%
WRIR R, VRS HEER =AM /EH . B HA
(2015)F 55 £ U1 (Mytilus edulis)ZE 1 il fire 5 5 b 52
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R TR O I R B, it ot A v ™ A ) IR W o
X ATV XU AT — RE S, 32 B Al g e A v 7 A
SRS FCA S R S5 K AR AR SR T, 0 AR I XU A
T IERER o B T TR] A SE A, AR IR B JUE R
A TS, 2% P A O Tl i A B R AN R AU D5 T AT —
PRI T3, TR R AL I A7 3 55

X T B 45 (2006 ) Xof I Fh e Vi v O 8 B B MR A T T
W7, WHRRAR . REAMR S5 . A LR AH
T AE FH AT 6 X AR V0 %) S R 7 A B < 5 Sk
NRBER PR IR, HAFP I E RN TAV
AINF L, XM DTN . Ho, NERR Y TAV {EAH
X, 3R 0.77, W AR R TR R o 7E 3 iR

A, R . &R N &R A5 v R R IR R
R NN, AR TR R R, Xl R 12
R TR (ELAC AR, 50 W I 9 oy R A o S R
Az, I T FE S P A Ao AR R A AT — BB IR IR

24 FRSHREBRIBETRESWER

23 (RS HREHETEDFESRERHTH

i 720 B8 R 2 K R B o 5 R 5 P i T A
I R U S R A DL LR 2 BT AR IR [1] 4 2
K, Wrs IR & BN 2 . WG SI 3P R

JEMR M K (725.07+33.12) mg/L, Hrh A& & i

T, H(270.56+£9.78) mg/L; Ffi# 60 min I, W54 K LT 5 A0 BT 0 30 2 it e 1o R O AR A
MR 5 4(2221.04+89.91) mg/L, Ho 5 24 R & 1=:47) R IR LK 3, REARARER — FE RSB TTRR R N 84.64%,
R, H RN E RS IR ; Bf# 120 min B, AR RS — A R DTHRR A 12.53%, B BTHRE A
B S LR & 5H8(3277.49+131.02) mg/L, BEAM S wrm,%$@iT#$mmuumAmh#mm

HoM(711.97£34.12) mg/L, HUCHHZRANERR TR A 3B R W 5 B R — T ), AR B

A I R BETR LR (Je et al, 2005), MR I BRALIAI R 2Z SR/ . w3 AT LA, R
120 min Hﬁ(f'ﬁi(ﬁfytfﬁ(Taste activity values, TAV)H %] TRt e FoF [V0) P9 5 ) 25 e Pt I i R <R AR W I 22 5, 3R]

IRHY 5.41 BEANE 14.24, RFEGARARAT E 2 TTHR Rt fgp it e P B /N B A A B P A SRS

K2 RS HRERIETFESEERSENTL

Tab.2 Changes in free amino acids of A. japonicus gonad during enzymatic hydrolysis

% 0 min fif % 60 min % 120 min

AR BRARE B i Hydrolysis for 0 minute Hydrolysis for 60 minutes Hydrolysis for 120 minutes

Amino acids Taste T/lgg;l/lfid a8 TAV o, TAV S
Content /(mg/L) Content /(mg/L) Content /(mg/L)
KGR Asp ¥ Fresh 1000 24.24+0.87°  0.02  74.93+2.45° 0.07 87.43+2.78° 0.09
AEBR Glu  #f Fresh 50 270.56+9.78°  5.41  559.61£26.65° 11.19  711.97+£34.12° 14.24
2252 Ser  Hff Sweet 1500 18.25+0.55°  0.01  101.64+4.45° 0.07 129.15+5.93* 0.09
HEM Gly  Ff Sweet 1300 164.88+6.45°  0.13  399.51+18.22° 031  521.05£21.71*  0.40
ZH& R His 7 Bitter 200 1.68+0.04°  0.01 19.47+0.78° 0.10 31.26+1.25° 0.16
WA Arg /8l Bitter/Sweet 500 22.4140.57°  0.04  140.92+7.43° 028  218.95+11.28"  0.44
JEIR Thr & Sweet 2600 26.78+0.91°  0.01  123.49+6.12° 0.05 170.46+6.13* 0.07
R Ala & Sweet 600 117.78£1.12° 020  351.23£15.35°  0.59  463.56+23.17°  0.77
JHZ M2 Pro /3l Bitter/Sweet 3000 16.8120.56°  0.01  103.26+4.41° 0.03  202.00+9.94 0.07
% & B2 Tyr 7% Bitter - 0.74+0.02¢ - 12.62+5.60° - 48.83+1.69° -
HE R Val T Bitter 400 12.67£0.61°  0.03 85.51+2.17° 0.21 147.61+8.38° 0.37
EHEMR Met 1 Bitter 300 1.63£0.05°  0.01 32.81+1.19° 0.11 89.05+2.10° 0.30
Bﬁga@& lle + Bitter 900 1.78£0.06°  0.00 17.01+0.57° 0.02 55.88+1.16° 0.06
%R Leu ¥ Bitter 1900 3.05£0.15°  0.00  52.72+2.27° 0.03 187.05+5.58° 0.10

HKINAR Phe 7 Bitter 900 0.55+0.01°  0.00 12.83+0.23° 0.01 26.4+0.62° 0.03

186.86+4.88? 0.37
3277.49+131.02°

133.49+5.31° 0.27
2221.04+89.91°

i & R Lys 41.27+1.80°  0.08
41t Total 725.07+33.12°
e “ORRABERNZRME., F—1TEEARF LR ER B (P<0.05).

Note: “—” indicates that the threshold is not found. Different letters of shoulder marks in the same line showed significant
difference (P<0.05).

HE/H Bitter/Sweet 500
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—1.668

-1.670F

-1.672 .

‘—l./
1674 F 120 min
8 -1.676
-1.678 |

—1.680

—

-1.682

FRA(BER: 12.53%)
2. Main axis (Variance: 12.53%)

%

i —1.684

~1.686 | {
90 min
~1.688 |

B

wuj

0 min

£/ "/ 60min

103

-1.730 -1.725 -1.720 -1.715 -1.710 -1.705 -1.700 -1.695 -1.690 -1.685 -1.680 -—1.675
B— R (R 84.64%) 1. Main axis (Variance: 84.64%)
B3 S R A A R 4L LDA 4527

Fig.3 The LDA results of odor composition in A. japonicus gonad enzymatic hydrolysate

25 GC-MSHT&ER

K GC-MS o475 1 2 i i e 2o A4 2 A A0
AT, SERILER 30 MO ISP R A b A A
FE TR RNEY T 43 B, Horb, BR80T B EESE 9 A
B 7 Bl T2 4 Fp LA 6 o EERE 0. 60 FI
120 min B, 3 2R 5 3 & A B8R R RS 10 F
WIS 4 Fh B2 Fh BRI 2 B ERZE 1 FPRD
FHSL R . WI0R 20 R LS R Y 24 Bl & LA
tb&Y, Hd, ZHIRERE . 1-EEEM 1,5-—H 3-6-
MV LRI [ 2. 41 B e 5 e MG 4 o R 60 min 15
1B 1,5- W JE-6- 3 F JE IR AR [2.4] Bk LU 4713 i,
7 R A AR X P £ 0 AT, SOt B T — 25 )
RS, WA EE . BEIR . RORE, 3-F3-1-
TE:. 2. W% 120 min B, AWHXT ZH 2K 2-
Tt RS RO - TE L B Z-2-F \-1-
Pt 3-ZRFE-FRE M | 3-HEA . 1-H R4 IR
Pt SEHE R ME R, AT A RN 31.77%38 Jin F)
48.49%.,

TRt e SR TN 7 R R At , 55 A SR ) F2 22 ph 4y
75 LW B E LR A AL 7 4 (Wang et al, 2020; Xie
et al, 2008). KEA AN KUK FFAE J v A A it A, H
T LS B, X AU BT R AS K (Martins et al,
2000), MREBMAEWHABIRMEME, HRZWHH
R EE, 2021), BEf# 120 min J5 18 & A
BN, T R — A TR R RN IR

P2 ) 0 S F 2 AN AR 5 R SR Ak = A . 1
A A YRR R, SRR ST K o ARy

Il LS A A W BUERAR , A PR 0 A R
A6 R A S5 A N0 A XU, X it At v XU A I T
% F (Fratini et al, 2012), 1-2F B A AR X 2 w0 4R 1)
19.78%34 M2 29.35%, Ay BbHA VA3 VAR 1 A A7S RN ECER
SECEESE, 2020), 1-2FH-3-BE e —F 0 FR 1 4
=y, B IS UE 45 1 AR (Wu etal, 2014,
Zhang et al, 2019), LB b H 8 22 45 R PR,
FZRIET Z A A I R 19 s %A [ 1 (Radoveic
etal, 2016), HAHX & & AF B FE rh B R AIG . il
f# AT 60 min BEAAI & & TR, RES5Z A
R B S8 AT 56 5 % 120 min J5, BE3S38A Tl
ik, MY R RN L, nRESmY RkAE ik
H ¥ (Zou et al, 2018),

TR 2y S5 A 5 LR 4y . Z2 AN S I Ak
Wil S (IR B 45, 2021) TRZEA0 A 1 0 —
M b, X RBR STREAN K . B2 3-5 k-2
TR A e Ay B S R X R A s () 7 3

T IS o R 8 AR A AN, AR v 32 s AR 1
BB FER(ER B, 2013), BEYREERFE T
NG 17 4 48 Ak B B LR 1Y) Strecker PR S, i, 6~9
AR — M LA A R AR A, HEH
{E AR XA B (8 45 21 5%, 2006), EEAER
rn KUK PR SR o WA e A R R T R AR
F AL 7 (Zhao et al, 2017), 3-F 3 T A 2 0TS
FoI AR, EEATA A NG IR A A AL I P REIR
TR A 2 R R (B G A, 2020), AR E
I R 19 8 AL 2E (Zhao et al, 2020), RN EA fa
R A IR A R E (X AT A, 2012)
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Tab.3  Analysis results of volatile components in A. japonicus gonad during enzymatic hydrolysis
A X} 1 Relative content/%
(Acg’] A% 0 min A 60 min REA# 120 min
Compound Hydrolysis for Hydrolysis for Hydrolysis for
0 minute 60 minutes 120 minutes
2,2,4,6,6-H.FF Gk 2,2,4,6,6-Pentamethyl-heptane 1.63 1.17 1.27
1,1-—H I %2 1,1-Dimethyl-cyclohexane - 1.74 1.31
1-FJL2-F2BERE VK /%t 1-Methyl-2-hydroxy-norbornane 5.22 - -
2,6,11-=H #+ ¥ 2,6,11-Trimethyl-dodecane 0.47 - -
1,1,2- = F HIR 452 1,1,2-Trimethyl-cyclopentane 0.01 - -
1,2- AT H 1,2-Diethyl-cyclobutane 6.17 9.06 -
B 5E Cyclodecane - 0.42 -
1,5-:_ﬁ3%-6-ﬂzﬁ3%mﬁ%%[2.4_]%ﬁ 10.84 14.20 13.45
1,5-Dimethyl-6-methylene- spiro[2.4]heptane
1-F 3437 1 EFR O 5 1-Methyl-4-methylene-cyclohexane - - 10.54
(Z,2)-1,3-73¢ ") (Z,2)-1,3-Cyclooctadiene 0.45 0.59 0.74
2,5,5-=H3-2-CV 4 2,5,5-Trimethyl-2-hexene 0.98 1.13 1.75
6-H - 1-PJ 6-Methyl-1-heptene - 3.73 3.75
(Z)-2-H 3£-3-384#5(Z)-2-Methyl-3-decene 5.25 - -
(B)-3-1 VU4# (E)-3-Tetradecene 0.76 — -
3-Piff 3-Heptene - - 5.16
3-2.)% 3L IR 2E 47 3-Ethenyl-cyclooctene - - 10.52
45 Cyclooctene - 0.55 -
#£2& Hydrocarbons 31.77 32.60 48.49
IEC % 1-Hexanol - 1.02 1.48
1-%H5-3-% 1-Octen-3-ol 2.32 2.01 3.42
(E)-5-%%-1-[% (E)-5-Decen-1-ol 0.92 1.18 -
Z. 1% Ethanol 6.27 5.43 —
1-%# 1-Octanol 19.78 31.74 29.35
M Phenylethyl alcohol - 0.43 -
Z-2-+ )\ Ji-1-% Z-2-Octadecen-1-ol — — 1.70
3-FH3-1-T 3-Methyl-1-butanol - 2.26 -
PEE 1-Heptanol - - 2.95
B2k Alcohols 29.29 44.07 38.89
2-F—%Efi 2-Undecanone 0.72 0.70 0.85
4,8- " HFHT--3,8- " fi-2-fid 0.26 3 B
4,8-Dimethyl-nona-3,8-dien-2-one
3-¥2%£-2-TH 3-Hydroxy-2-butanone - 1.08 2.19
3-2Ffifi 3-Octanone 0.38 0.54 -
2% K etones 1.36 2.31 3.04
2-+ 4% 2-Dodecenal — — 0.80
O % Hexanal 0.01 - -
A Benzeneacetaldehyde - - 0.56
¥ Octanal 3.98 0.94 1.38
T Nonanal 1.30 0.94 0.68
3-HEL T 3-Methyl-butanal - - 0.77
+/\E& Octadecanal 1.24 0.99 -
2K Aldehydes 6.52 2.87 4.20




e A AESE RS R o R XU 245
R
AAX} & 1 Relative content /%
(AR A 0 min R 60 min R 120 min
Compound Hydrolysis for Hydrolysis for Hydrolysis for
0 minute 60 minutes 120 minutes
LR Acetic acid — 5.10 -
T-f® Nonanoic acid — 0.77 1.41
6-T- "M H s 6-Nonynoic acid, methyl ester 7.84 11.35 -
X HZK p-Xylene - - 0.37
2-JFEILIH 2-Pentyl-furan 0.62 - 1.38
THILEEE Dimethyl sulfide 22.59 0.94 1.22
HAb3 Others 31.05 18.15 4.39
T “=RoR AR
Note: “—" indicates that it is not detected.

TR A Y — (ARG, 2- ek nkmy A 2
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Abstract
their self-dissolving characteristics, live sea cucumbers must be processed immediately after being caught.

Apostichopus japonicus is highly edible and economically valuable. However, because of

This species produces by-products totaling approximately 30% of the specimen, including sea cucumber
intestines, gonads, respiratory trees, and other tissues. At present, the processing and utilization degree of
these by-products is still very inadequate, and some are directly discarded, resulting in environmental
pollution. According to some studies, sea cucumber gonads are rich in high-quality proteins, which can be
used to develop dietary supplement products. Sea cucumber gonads also contain sea cucumber
polysaccharides, sea cucumber saponins, active lipids, and other active components. The phenols and
flavonoids components in the gonads of Atlantic sea cucumbers are high and a potential source of natural
antioxidants. Residents in some parts of the Pacific, such as New Zealand and the Cook Islands, regularly
collect gonads from sea cucumber viscera for cooking or as a protein source for traditional meals. In Japan,
sea cucumber gonads are processed into expensive functional pill and powder products. However, the
development and utilization of sea cucumber gonads in China are still very low. Biological enzymatic
hydrolysis is an effective way to improve the utilization of proteins in aquatic products. The enzymatic
hydrolysis process degrades macromolecular proteins into small peptides, which are easy to dissolve and
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are conducive to human absorption. At the same time, it is often accompanied by the generation or
reaction of peptides, amino acids, and volatile compounds, which in turn causes flavor changes in the
enzymatic hydrolysate. The gonads of A. japonicus are rich in protein and functional components, with
suitable prospects for development and utilization. To explore changes in protein and flavor during the
process of enzymatic hydrolysis, neutral protease was used, and the gonads of A. japonicus were
hydrolyzed using the enzymatic hydrolysis conditions established in previous research. Changes in
soluble protein and amino acid nitrogen in the enzymatic hydrolysis process were detected and analyzed,
and the flavor changes were studied to provide a reference for the development of related products of
A. japonicus gonads. The soluble protein content was measured using the Biuret method. The amino acid
nitrogen content was measured by the formaldehyde colorimetry method referring to GB/T 5009.39-2003.
The hydrolysis degree was determined by Cao’s method, previously established in our laboratory. The
composition of free amino acids was analyzed using an automatic amino acid analyzer. The odor
characteristics of the enzymatic hydrolysate were analyzed using the PEN3 electronic nose, and the
sensory evaluation mechanism was designed to describe the flavor at the same time. The relative contents
of volatile components during enzymatic hydrolysis were further analyzed by gas chromatography-mass
spectrometry (GC-MS). Results showed that the initial soluble protein and amino acid nitrogen contents in
the gonads of A. japonicas were 1.14 g/100 g and 0.15 g/100 g, respectively. The soluble protein content
increased rapidly within 30 min and then remained constant. The content of amino acid nitrogen gradually
increased in the first 90 min and then decreased slightly. The degree of hydrolysis expressed by the
changes in soluble protein and amino acid nitrogen during enzymatic hydrolysis reached a maximum at
90 min, up to 43.66%. With the extension of enzymatic hydrolysis time, the umami of enzymatic
hydrolysis was enhanced, the fishy smell was weakened, and the sweet and bitter tastes were slightly
enhanced. The fresh flavor and sweet taste of enzymatic hydrolysis were also enhanced, consistent with
the high glutamate, glycine, and alanine content in free amino acids with the extension of enzymatic
hydrolysis time. At the same time, the free amino acid content increased significantly after enzymatic
hydrolysis (P<0.05). With the extension of the enzymatic hydrolysis time, the content of free amino acids
increased gradually. Glutamic acid is a typical fresh amino acid. TAV(taste activity values) increased from
5.41 to 14.24 at 120 min of enzymatic hydrolysis, significantly contributing to the flavor of the enzymatic
hydrolysate. The glutamate content was the highest, followed by glycine and alanine, which also
influenced flavor. Moreover, the odor changed significantly during enzymatic hydrolysis. The results of
the electronic nose analysis showed that the odor changed significantly after the enzymatic hydrolysis of
the gonads of A. japonicus. Through further GC-MS analysis, it was found that the content of fishy
substances represented by dimethyl sulfide decreased significantly after enzymatic hydrolysis, and the
production of some hydrocarbons, alcohols, and aldehydes gave the enzymatic hydrolysis solution a
pleasant smell. The types and relative content of hydrocarbons increased significantly, and the content of
dimethyl sulfide decreased significantly, likely responsible for the weak fishy odor of the enzymatic
hydrolysate. In this study, the changes in soluble protein and amino acid nitrogen during enzymatic
hydrolysis were detected and analyzed, and the flavor changes were studied, providing a reference for the
development of gonadal-related products of A. japonicus.
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