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1.2 ((FE5E&

AF-06A BUHEHL, REZE IR A FRA 7
IMS -50 IR B v, M5 - FE R 21088 ( i) A R
3] Primo R B2 H & & 2 UE 3R VR 2 HL, L [E
PHL S E] 5 KS -300 B8 I 4 MRy AL, T R
AR5 1100 Y= &0 AR 153, 55 [ Agilent Bl
F AT ; 6890N/59731 A AH €03 — gAY, 3¢
Agilent BHE A PR 7] SP—1500 I 52 56 U055 2% T 1
BL, LA S 56 i A A FRA A
1.3 XWHE
1.3.1 EEReRFHMH &HARGTA

BT 50 C TR, Sl L e
1100 i, %M p(%32) =0.05 g/mL 1 LN
JKAE 20 ~25 C 20 10 h, 43 HA0 A — & Ji 243 5
(DLESEmE A i, VA L, E/S) M & A, 14
A5 B T B OIS UK A S5 A I T KA 3 b KR R
SR PE KRS RS ST RN THELZ 100 °C |, K kb 35
10 min, YRI5 R 58S B AR, 0] A VTP in A —
JE A0 JEOE RN 2 SR 1R 4 o 3 224 3 B A7 2 4
S — g IR, 57 BV 8 = 76, 15 31 4558 MRPs i
W, YT A s T AR S R ™
1.3.2  JRAFEME

IR AR A R A AR e P R RS
P AR A LS E AR, KR
J& (degree of hydrolysis, DH) B TE W (1),

DH = (JKffRh B E SR &/
FEMBYEA S E) x100% . (1)

1.3.3 REFRN

JRUR B PEA SR PR PR 962700 VAR %
RV 7 T4 B 1 3L bR UEA T IR P4y, Horp
WESRMATE N 30% , B AAE R 70% , L) 10
NEM AR50 Y oy s A o7
£1BEEITRES

Sensory valuation standards

T4y Sk ik
§~10  AUIEEET KM BRI, R
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Tab. 1

4-6 AT RIRE REE— it | A7 R TR
24 TAR , TR BELRYR VR Y
0-~2 AR A IR SEVR IR, 7 Ok B
1.3.4 #BRABNT

A5 o R A € 3 (SN i g 2 R o R

S5 4. 0 mm x 125 mm C18 #1640 °C |
ZEPIE 1. 0 mL/min, JshAH A J& C(EEEREN) =
20 mmol I, B /& V( C(BAMREH) =20 mmol ¥ )
VOHEE): V(OE) =1:2:2 KK 338 nm,
1.3.5 AP Rekk ol 2

FEARTAL FEIEE 8 mL FE 5 & T 15 mL T %S
H B ZALE B 75 wm CAR/PDMS [ AR (A% Bk A
AFESTIZS 56843, T 50 °C /K H B 30 min, W%
B Fe A ARG BRGHS J ST BV A SO ik b A 11, 1
250 CH#M 3 min, [ E SR

GC—MS ZrHri e sk a3 25 F HP-5MS &
A (30 m x 0.25 mm x 0.25 wm) , HEFE IR
250 °C , #HEHT 10 min; F2 ¥ FHEZ W R IR 40 °C |
1742 min, A 8 °C/min FHEZ 250 °C ’{%ﬁa 10 min;
3%X . He, it 0. 8 mL/min, AN, ik 44
BT B 7 % i (electron impact, E1) | & 5 H
A 200 AL HELFRETEN 70 eV, B FURIEEE 200 C
B2 ORI 250 °C Kl #5 B 350 VSR AR 1 Bl iy
Bl m/z 33 ~454 u,

1.3.6 #IEST 5 54

fifi FH SPSS 13. 0 B A4 X 4 247 GE 1140 Bt , 5k

PR IE + ArifERZE" 2R ,n =3,

2 FERE5HMH

2.1 JKFREBHVIEE R HoKRZF MM

Shy i 16 5 SR A 1A 7K Ak RO R PR, 0B O
H A RS A AN A R A
FIAVE RS 5 Bl FU g, 7245 F RS ELAR AR R
(H 3 1 I ) o i DA A R TIA) 3 i) K i 5
EH, LUK PO 25 2 DR a5 PP
) 7 A A0CR , i U 5 L . 5 ol ) UKk 2%
W2, GBI 1,

#2 5 FIBERIKREIT
Tab.2  Optimum hydrolysis conditions of five kinds

of enzymes
EAM  WEE/C pH R/ % B S/ (10°U-g7")
PEEEEE S0 7 2.5 10
NREEE 50 7 2.5 2
HEEAM 55 7 2.5 12
AfE4H 55 7 2.5 15
AIREABE 55 7 2.5 80

ABCE AR B m CRICHEE) - m (AR /) : m(RJRE A
fifF) =1:3: 17l
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Fig.1 Effects of different enzymes on hydrolysis
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PR DOK i P38, T L PP i 1 HoAl
i REOK i B2 FUBCE VP43 45 50% AT, HEZRGF
oI DRI, R XUBR A 1 A S 5 S /K At T g
Ryt — A KR AR K A 22 S B T2
Sl IR FR I By Bl 1 SR Ly (3%) IEASIK
SR XU 2 11 R 14 7K S 25 1, LA e fie 1 A 1
M, fIEASRE IR 3 AR SR IR U
J& AR BAL IS B T 255 IR 55 °C I [E]
3 h, IR 3% .

2.2 ERERMIZEH

P LSRR W P N AR E IR 1 mg/mL, H 2R
0.5 mg/mL, *EHEZTR 0. 15 mg/mL, KK 8 mg/mL,
2 4 mg/mL,@ﬁﬂﬁ%’? 0.4 mg/ml, ¥ H Design
Expert 8. 0 /4 Box-Behnken 5311 £k 3¢ $i 1 )2 i
AOTRLIE (INFIA)  pH {FL A5 B 26 I 4 SR 507 2200
Prorml b2 3 Mk 4,

H1¢ 4 AT AL I 2% RPN i35, SR
BT AR A5 B SRRSO A T 24
TR 110 °C , W] 50 min, pH6 , FIAE Jy 7. 75 , B ilE
R EPE A 7. 25, 5 FUE AR X i 22 6. 25%
Ut SR FH Wiy 17 T 925 10 A S A S Ry 2% 1 LA S B
A,

2.3 REBASHTHER

kg YA e A ) AR R RIOR LA e SR S Hip
Je BB F R R AL, i 3 BT TR SRKIR M KUBR
FH 1T 7K A7 S P R P ORI 55 52 MIRPs WS4 L I 25
FALIR & i LAUER ™ i il 4 i e vh R 2 S R
AR L, AR LR 5

3 WRLAEBO T R SR AR

Tab.3 Design and results of the response surface method

Wi REE/C H 8]/ min pH fH& E
1 110 40 7 6.80 +0. 58
2 110 60 7 7.20 £0. 85
3 120 50 5 7.50 +0.49
4 110 50 6 7.60 +1.02
5 100 50 7 7.70 £0. 85
6 110 60 5 7.30 +0.76
7 110 50 6 7.90 +0. 68
8 100 60 6 6.30 £0. 46
9 110 50 6 8.10 +0.91
10 110 50 6 7.60 £0. 84
11 120 50 7 7.30 £0.78
12 120 40 6 6.60 0. 81
13 120 60 6 7.40 =0. 31
14 110 40 5 7.00 £0. 81
15 100 50 5 7.40 =0.78
16 100 40 6 7.00 +0. 84
17 110 50 6 8.10 +0. 81

x4 TENMHE

Tab.4  Analysis of variance for regression model

WiH o5 AME 7 FE

Prob >F WM

R 52.5 9 5.83  7.42 0.0075 W
A 0. 50 1 0.50  0.64 0.4512
B 0.50 1 0.50  0.64 0.4512
C 0.50 1 0.50 0.64 0.4512
AB 9.00 1 9.00 1.5 0.0117
AC 1.00 1 .00 1.27 0.2964
BC 0.00 1 0.00  0.00 1.0000
A? 6.58 1 6.58  8.37 0.0232
B? 31.8 1 3.8 40.5 0.0004
c? 0.26 1 0.26  0.33 0.5809
%% 5.50 7 0.79
RPIH 1.50 3 0.50  0.50 0.70223 REFH
HiRZE  4.00 4 1.00

FIETT  58.00 16

MR 5 w0 UK /K I T 2 2 R A
11 90. 18 mg/100 mL 1% 122. 87 mg/100 mL,
KRR 36.25% . BROFE R AN H A 25 2 B R Y 45 1l
A TG, e N R A R N R A A R A
PR ZEE IR 1Y 7 o e e HL 3G MR B K, 4 3G m
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Tab.5 Change of amino acids during product process

IR SEBRFEE p(CEZOKIZH)/ (mg+100 mL ™) p(BEHFRK)/ (mg-100mL"')  p(MRPs #&)/ (mg-100 mL.~")
KRERAIR A+ L+ 5.83 8.08 8.20
BER Wor H+ i+ 4+ 17.55 24.72 27.49
22 R B+ + + B+ 0.53 0.75 0.19
R B+, + + + 0. 69 0.97 0.73
AN H+ + + fif+ + 1.03 1.43 5.37
IR [ I S 5.28 4.15 4.13
K2R o+ o+ 8.32 11.61 5.66
[SE=Nivd B+ o+ o+ B+ 19.72 27. 80 26. 80
fi% 2 R W+ 3.48 4.98 4.70
2 e R W+ o+ A 1.72 2.40 3.80
AR B+, + + 2.69 3.80 0.92
B Tow + + B+ 2.12 2.98 2.43
R W+ o+ 0. 66 1.05 0.92
KNRR o+ o+ 4.37 6.16 0.29
SR W+ o+ 2. 60 2.86 2.20
LR T+ o+ 6.59 9.27 1.91
LR T+ + 3+ + + 5.94 8. 47 1.55
lE=Nivy T+ ++,95+ + 1.06 1.39 1. 68
JENES s 90. 18 122. 87 98.97
40.97% ,40. 85% 1 38.59% , 3% JLFfr 5L B fef ke | it 00 - 15.04
A SRR I T B XK 75 K B T L 0 R %0 o
B, b T AR O RSB R BRI ¢ L
SR AR AT SE 18 N B T A A T 2518
PRI AR AR RS 3 RS, th e
5 WA, R N IHFE R 2 o A &R, Rl 858
HaER AR AF AR AR ARNAR 22
I RIS A R I R E T HE , BT 2 15 36 4 0 s 15 20 25 30

TR N I E R Z , TR AR, BER HEARY
R G SE TR, U R A R O B R A R PR
Femg , B a2 H AR AR R R Y I,
FESEHIAR I N 25 ) h s N T & bR s
i Ao DA LR E I 5o e IS 14 v 2 XU 3
2.4 EERMNIKKSH GC-MS ST

B2 MRPs ISR IEAT GC-MS 20#T, LAFRAE A
TR O BRI . 28 GC—MS 4355 %8 A 45
MRPs # & PE KUK 0 8 iR g an sl 2, 24
TR PG 2%, 5238 MRPs # & P XU 18043 #9943
Mras R o6,

A 2 TR Y, 2838 MRPs #5 & M XU B 2
A LIS BT R B, ik i e [ 4R TP 7E 1 ~ 26
min Z[H] , 20 BTk BE R ARG 2R, %50E 255 MRPs
FERNERR AL 41 Fh (R 6) , th T D RY UK

t/min
&2 MRPs & MERIRBS GC-MS B i
Fig.2 GC-MS chromatogram of MRPs
REmoE PR, DRt BRI R — 2R 1848 & 1 L0 o5
A BURIE RN A 5 LR 89. 63% , X %5 1S
(1483 MRPs H 4% A Pk KU W 3 AT IR 28 0 B,
PR S i B s, M 35.71% (14 F) | HoAb 2R A4k
YRS HINEESE 19.31% (9 Bl BIZE 17. 71%
(9 Ff) M ot IREREAEW 7.99% (6 Fi) , B
255.10% (1 Ff), Me2s 2.98% (1 F), mbws 2k
0.83% (1 Fl) o INFE 1 XU B 4 r A H ) A T 5
WAV S 13.32% (KEFK),
1-2F05-3-15% 7. 42% ,4-(2,6,6-—=H F£2 -3 245 -3-
T2 5. 18% ,4-(2,6,6-=HR-1- 7)) 3-T
W5-2-F 5. 17% ,1,2-2 W R 2B 5. 10% , B
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# 6 MRPs ¥R VRS GC-MS 43Hrgs iR
Tab.6  Analysis of volatile flavor components in MRPs by GC-MS
75 {4 B[]/ min (AR R 53 VERCRE/ % AHXS VT B 9%
1 2.56 2- e CsH;3N 86 2.98
2 3.79 3-FETRE CsH,,0 88 2.13
3 4.52 2,4-C0 C¢HgO 84 0.47
4 5.09 T CsH,;,0 90 4.15
5 6. 60 2-T I C4HgO 82 0.52
6 7.83 L CeH, 0 91 13.32
7 9.09 2- A CsHgO 81 0.73
8 10.23 1-13075-3- 1% CsH;,0 82 1.32
9 10. 33 P C,H,0 94 2.02
10 11.10 2-CU AR CeH,; O 90 2.16
11 11.57 4-PEITEE C,H,,0 86 0. 62
12 11.95 1-7% CsH,0 87 1.13
13 12. 44 FRE CgH,c0 97 0.86
14 12. 67 1 -2 -3 CgH,, O 96 0.47
15 12.92 1,1,3-=H3E2- CoHgO 80 0.82
16 13.04 2-F L322 CoHig0 86 2.74
17 13.15 2,5- kg CeHgN, 84 0.83
18 13.30 6-H1 3E-5- B -2- il CgH,,0 88 0.94
19 13. 64 1-Bf% CeH,,0 89 0.70
20 14.18 T/ CoHisO 92 3.06
21 14.37 3,3,5-=HH2- 7 Jfi-2-FR CoH,,0 84 0. 80
22 14. 74 2SI CgH, 0 88 1.06
23 15.04 -2 06-3-1% CgH;O 93 7.42
24 15. 60 2-Z.3-1-CL B CgH,,0 88 L. 19
25 16. 10 R C;HgO 96 3.61
26 16.23 2-FHims CoH,;40 87 0.50
27 16. 51 3,4,4-=H 32 A IF-1 -0 CoH;sO 86 1. 46
28 16.71 3,53 -2 CgH,,0 94 1.01
29 16. 90 2,6-TF " Hifis CoHy, O 91 0.97
30 17.19 1-H S0 P CgH,60 93 3.08
31 17.25 23501 -l CgH,0 85 1.77
32 17. 40 2,2,6-=HI 2L - A HIR O e CioH;60 84 2.49
33 17.71 2,2,6-=H3E-1-PH 1O CyH,,0 80 1.09
34 18.08 - H-1-L CgH, 0 94 1.24
35 18.27 2,6,6-=H 3 2-FF -1 ,4-F CyH,,0, 76 0.58
36 18.58 8-t CyHay 95 1.41
37 19. 11 2,2- " HIHE-4- 3 C,Hy, 38 1.00
38 19. 83 2k C,, Hy 84 1.53
39 20. 09 4-(2,6,6-=H 2 A ) 3- T k-2 Ci3Hy0 94 5.18
40 21.06 4-(2,6,6-= 3131 M) -3- T 4-2-E C13Hy,0 90 5.17
41 25.18 1,2- K HR_ZH CpH,0, 81 5.10

4.15% ,ZHE 3.61% ,1-H FEIRPEBE 3. 08% , -1
3.06% ,2-J%% 2. 98% ,2-F 33 2. 74% ,2,2,
6-— H JE-1-H 4 3L 3 O ke 2.49% , 2-C I BB
2.16% 3-HHE T 2. 13% , ¥ 2. 02% %,

AN TR A LIRS 5 MRPs XU HYIE B
SRR o PR W) 7= L SRR B8 AR 1Y
AR, T 4% R P 1 28 U0 7 A A 3 R R
MR ot B AL A W 1 B (A, X AR
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ST ARY A S8, o3 T 3 R AN A
B4 A W AT AL IR, B B LR B R 1E A
TRARGRZ . AE 2558 MRPs 45 & 1 XU 1043 v | i
RAEE W IR EEEII KT 8, A= S & 3 I
FAARE S HARSE S EE Ay (A A i, H
S B A SRR AR R R, N3k 6
W 7. 42% W 1-F065-3 -0, SRSy (B, 7R 565K
MRPs #4 4 PR B H 0 & g b dh 6 iy
7.99% , PR T RUBR 9 BT ik e /N, BN HA R
AR 4 i R g o 55 SR B R AROOR 11 2, 4-0F I T
e RO PSR L (AR5 MRPs #5 % 1
IR 859 H - A B A 0 o, 156 B 28 SE Ll ) g 2
Jei BRI Bt R R AR, 33X 55 7 i ol Ao A o
HHEAT A B T4 IR — 30

AN, 2 6 AT UL FEAHIEFE (1 40 A 0 2 2%
T, 253% MRPs 48 & 1 RUBR B8 20 R A K6 0 H P9 9 ot
Jie WK R S A R T, i R A R SR
PS5 5 e i ) i — A 45 SR e A AR 7=
il 2k 8 v S A S N R G B | SO A A A
M AR A
2.5 EXNKREHBHRERE

Al 5 T 245 800 S KR B RS IR B 5 b . 2
FEMRELL AR R B S WA 18 &, BER B
WA AR S LA, TRIR AT LA, &% 4
HEFE bR (4R ) W 45 5 THLAER 0. 35 mg/kg, HY
0. 42 mg/kg, 5 0. 25 mg/kg, 1 55K 0. 06 mg/kg, ¥
FFEA CERRERNILE

A e b v v T B K TR S U 4
P il 7 ) 2 b o B A Y FRL N, VD TT IR L BB IR
DA BRI PR IR | 4 0 8 2 K A S 0 TR NS R
o

3 5

X Rk R R KOR SR E R EE
FI S A2 5 8 A BRI TICER F A 5 Fh s ;AN [m] K
SRR 7 M R, XU S KA R SR e
PRI 456 XU 2 11 A 8 SR ik M F G . 2o Dl fe
Je BRI S A K A A D 55 °CIFTE] 3 b,
TN 3% o il 2 KUK B4 014 55 S UR A 4,

WO TS I 2 B R B 2R S8 ) T i AT SE A
ﬂj,{%ﬁﬂﬂ%jﬁl@ﬁ@ﬁ 1 mg/mL,-H‘/EL@ZLE 0.5 mg/mL,
2L b &2 0. 15 mg/mL, KK 8 mg/mlL, ] %) ¥ 4
mg/ml, W E 0.4 mg/ml, % FH " W T Box-Be-
hnken B 1100 1k 26 $i7 18 Js o7 2% 44 Sy il B2 110 C
pH6 B [H] 50 min,, ZEERZH W50 BT 7 | B A Je K
IR oy S E I B, oI E R AR
TR R 2% i A i T WA 2 R R ) 4 I A, 3 8 5t f
W IR 9 2 R Sl AR AR g i XU A B 1 LAl
S5 ERE RN N RER EEA AR AER
MRS, ZMEIRS S T PR 0 HIHFE &5
K, GC-MS XF4E3% MRPs # % 1 KU 143 50 Mr
YRS R, DA R EA LY AL 41 Bl BE2E BE
KOHE R EREFEY SRR, 2
35.71% ,19.31% ,17.71% ,7.99% ,5. 10% , i [ 5
BIEACA Y s IR 23X 2 FE XK I
FLA Pk R KU G 28558 KU B A B 4 KUK ) Js
B TEEEH, AL, SRR T A R R XU
Yy AAI | AR A A A FE Y, B
i3S N R N T R g E R D v 8
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Preparation and Flavor Component Analysis of
Porphyra yezoensis Flavor Essence

YAO Xingcun, QIU Chunjiang, LAI Xiaoyan

(School of Marine Science and Technology, Huaihai Institute of Technology, Lianyungang 222005, China)

Abstract: The enzymatic hydrolysis of laver and preparation technology of seafood flavor were studied u-
sing Porphyra yezoensis as raw materials. By comparing the hydrolyzing ability of different enzymes and
the flavor of hydrolyzates, the best enzyme was screened. The hydrolysis conditions were optimized
through the orthogonal experiments using the degree of hydrolysis and sensory evaluation as the reference
standard. The optimum hydrolysis conditions were temperature 55 °C, time 3h, and the addition of en-
zyme 3% . Then the hydrolyzate was used to make seafood flavor by the Maillard reaction. With the sen-
sory evaluation as the reference standard, the optimum formulations and optimum conditions of the Mail-
lard reaction were determined through response surface experiments: glutamate 1 mg/mlL, glycine 0.5
mg/mL, cysteine 0. 15 mg/mL, xylose 8 mg/mL, glucose 4 mg/mL, thiamine 0. 4 mg/mL, the reaction
temperature 110 °C, pH6, and the time 50 min. The product showed fine seafood flavor and the flavor
was evident. The amino acid composition analysis showed that glutamate and alanine contents were signif-
icantly increased in the hydrolyzate. The amino acids in the Maillard reaction were mainly glycine, glu-

tamic, and cystine. About 41 volatile organic components were detected by GC-MS.
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