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Development and Quality Characteristics
of Shrimp-type Reaction Flavor Using
Enzymatic Hydrolysates of Spotted Shrimp

(Trachysalambria curvirostris) and Precursors

Myung-Chan Kim

Department of Food Science and Technology, Graduate

School, Pukyong National University

Shrimp appears to be an alternative fishery resource because of the
reduction of fish resource, which represents the primary catching of fish
around the Yellow and Southern Seas.in Korea, and particularly, the share of
big size oriental shrimp, medium size shiba shrimp and spotted shrimp catches
takes over 50% of total shrimp catch. Meantime, the natural odor of crustacea
such as shrimp does spread an unique flavor which is quite different from
those of mammalian meats. When stored for a long time, the unique odor is
to fade away stinking with strong fish odor and off-flavor due to its decreased
freshness.

This study intends to develop a shrimp reaction flavor which is capable of

enhancing the favorite taste sensually by masking the fishy odor and off-flavor
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and by reinforcing the unique flavor of shrimp through Maillard reaction
process using the shrimp hydrolysate and reactive precursors. In this study, the
objectives are to optimize the enzymatic hydrolysis condition of shrimp as the
pre-treatment process for shrimp reaction flavor production; to determine
optimum precursors and reacting condition, which remove fish odor of the
seafood inherent but further reinforce good shrimp flavor; finally to develop
boiled-type shrimp reaction flavor used in the seafood sauces and fish meat
paste and grilled-type reaction shrimp flavor used in the production of snack
and seasoning. In order .to obtain the optimum hydrolysis condition of spotted
shrimp by the type of enzymes, the two independent variables of reaction pH
and temperature are selected based on the central composite design system
designating the hydrolysis and anti oxidation efficiencies as dependent variables
by using a response surface methodology. The optimum hydrolysis conditions
for proteolytic enzymes such as Alcalase, Flavourzyme, Protamax' and Nutrase
were pH 9.3 and 65.2°C, pH 4.1 and 54.5C, pH 6.6 and 42.5C, pH 6.1 and
45.2°C, respectively. Among the four enzymes, Alcalase showed the best anti
oxidative activities of 24.9% DPPH-scavenging activity and 26.9% Fe-chelating
activity.

Depending on the application purpose, boiled-type shrimp reaction flavor of
producing the boiled flavor used in instant noodle soup and seafood sauce,
and grilled-type shrimp reaction flavor used in the flavoring, snacks and
cookies are manufactured. To manufacture boiled-type shrimp reaction flavor,
methionine and sucrose are selected as reaction precursors designating the
reactive manufacturing condition as pH 7.5 and 1lhr reaction time. To

manufacture  grilled-type shrimp reaction flavor, methionine, threonine,
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glucosamine and xylose were selected as reaction precursors designating the
reactive manufacturing condition as pH 7.5 and 2hr reaction time.

Upon executing the analysis on the volatile contents of sulfides and
pyrazines which are presumed to further reinforce the unique shrimp flavor,
no sulfides and pyrazines are identified from the hydrolyzate. From the
boiled-type shrimp reaction flavor, two sulfur-containing compounds of
dimethyl disulfide and dimethyl trisulfide and two nitrogen-containing
compounds of 2,5-dimethyl pyrazine and 2,3-dimethyl pyrazine were identified.
From the grilled-type .shrimp reaction flavor, dimethyl disulfide and 7
pyrazines of pyrazine, methyl pyrazine, 2,5-dimethyl pyrazine, 2,3-dimethyl
pyrazine, 2-ethyl-5-methyl pyrazine, trimethyl pyrazine and tetramethyl pyrazine
were identified.

The boiled-type and grilled-type shrimp reaction flavors were made in the
shapes of extracts and powders with the different mixing ingredients for pure
type and seasoning type. The.extracts were dried by vacuum drying, spray
drying and freeze. drying. .The powders of grilled-type did show no sensory
difference in terms of ~drying -methods. As" well, the  comprehensive sensory

score of seasoning type proved to be better than the pure type.
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|2 a HIIEA(BN)Y =3

e
L
0x
i
©
T
He
o

ANg S AOACH(AOAC, 2005)0l whe} 8- Ad7tddzy, 24
W2 Soxhletd, 32 7424133 H, WAL semimicro Kjeldahl'{ &=
SAstA. 7t EY pHE pH meter2 533390
714&(VBN)E conwaye AH&3ste W FFitg o=z S35
SH(HAREA A, 1960). =, A5 5 g& 4% trichloroacetic acid 20 mL<}k
]

et 30&3F WA v, @iESs FAAIIL AFHst 1 mLE

ok
1y
.
)
2

conway unit] £]Ad-F7}slar W4l N/150-HCl 1 mLo} E3} K,COs
1 mLE H7ISE & 37Co|A 907 WAsk o5 N/70 Ba(OH)Z 2 g3}

ZA)¢-9] A Soxhleto. 2 F=3te] AR 25 mgs F

it

=
3] FH3gtth o37]el 05N NaOH-methanolE 1.5 mL 713}l A4S Bojy
2 T S F4E 9aLE3stt. o]ojA 100 heating blockol A ¢F 54

F3Hetth WISt e tubeS ARolAM AF ¥, 14% EF
FeERAMESE &9 2 mLS 7ietal oA AAE Bo¥e § A F
ZAS Yol T8t 100To A 30 7F3Fe] methylationA| 71T} ©] o]
30~40C=E W73t Hexane 1 mLE 2ol &3 F 7[7]E4 8 A8

3} 3L (Morrison, 1964), &322 Table 13 2t}

fgotr| =t g4V EES A8 05 mLol gL 30 mLE



Table 1. Gas chromatography analysis condition of fatty acid

Items

Conditions

Gas chromatography

Column

Column temperature
Injector temperature

Detector temperature
(FID)

Carrier gas

Gas pressure

Thermo-Finnigan Trace GC (U.S.A)

Ferries silica capillary COLUMN
(AT-1, 007-CW-30=0.25F)

100C(5C/min)=200C (3°C/min)-240C
200C
250C

N>
65 PSI




70% & 30 mLE ¥o] f¢ 2 FEAAHS ¥EIT AUEFS

3 % 5 20 mL, lHE 20 mLE 3=

A offFT FEE FHAstd oA I eSS ok pH 2.2 lithium

citrate bufferg ©]-&3l YAHFY] FEE E § sulfosalicylic acidE 7}

sto] k3] Zolal Ao A 30wz WA v A4l (3,200xg, 204F)

o] A3 G AS A A 020 m nylon filtero] o33+ F f]of
2 EA48AH

v = 4b 2454 7] (amino acid analyzer S$433, Germany)

Hh-&-3Fo] g AJEe] #2412 Dynamic headspace isolation, A& %22t
7], 7Zv=awmepEde 99t A FEA 7S AN AT RESaRY] 3 7
diS w8 4357 f8 A& 10 mLol WH EF=4  octanal(sigma

aldrich chemical Co., USA) 2 uLE 2o} 50C dry ovenolA 20+ *3 |3}

Tenax-TA7} A" F-4°] 90 cm® ZHI#HZE 2 F25F H (agilent,
E AL JAGe dZEY EAS FHA

AHEEE7] A FEAYMES o83kl 300CAA of 2413t

g2 %] (automatic thermal desorber 400, perkin elmer, UK)

[e=]
=
of gHste] 350T R A2 FAYF APFoz v 98

A=) Z7L Table 29} 2t}
g AR Y %2 FFH 0 AFEERAAA YA gas

chromatography column(AT-1, 60 m x0.32 mmx1.0 m)SZ FYE 3T



’d %2 gas chromatography(shimatzu 2010, Japan)®} mass selective
detector(shimazu QP-2010 plus, Japan)ol ¢J3] &5 stAth +Ax=1
2 Table 33 Zt}

=
ZA$-o] Ea7tERAES AR WY (Oh, 200008 43t A48

+ Fig. 13 2t}

o

&
=
o
1:01-
[
N
&
M
:?L_',
of

X
ki

&3tant. ZteEdl= 1 mLE  Fsked test tubed] &£ ¥ 03 M
trichloroacetic acid(TCA) 2 mLZ 7|3tk o] &8 ALy of 2087t
W23 ¥ o3} 2 (Whatmans No4)Z _o{#stch g e] 25 Lo ZFFHF
0.225 mL, 05N NaOH 1.25 mL, 1.0 N Folin & Ciocalteu’s phenol reagent
025 mLE H7}3 & ZA] &3k 30C, 1587 A3 a2lx &9 Y
o) BEHI EAL AA3}7] 93] Toyo No22 o3at 3 ofmtdl 750 nm
oAx FFEEZ ZAsth. OPAE Church et al(1983) ¥, TNBSE
Angles-Garcia(1997) o2 Z43Ath 7R Ase o3 2o

Dt - D()
DH(%) = > 100
Dmax DO
Dy : 7FrEdEEA @2 99 FHE
Di : tAZF 7RSS SA 3T

Dimax : }\]E

o

1 gl 6 N HCl 4 mLE FH7Istd 110TCoA 24413t 7}<¢
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Table 2. Operating conditions of automatic thermal desorber

Items

Conditions

ATD 400

Primary tube type
Cold trap type
1st Desorption
2nd Cryo temp.
2nd Desorption
Desorb flow

Inlet split

Out split

Perkin Elmer, UK
Tenax- TA (Agilent, USA)

Tenax-TA 20 mg

350C - 1min
-30TC

350C - 1min
50.2 ml/min
No

115 ml/min
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Table 3. Analytical condition of gas chromatography and

selective detector

mass

[tems

Conditions

Gas chromatography

Mess selective detector

Column

Column temperature

Injector temperature
Detector temperature
Carrier gas

Column pressure

Mass range

Shimatzu 2010 , Japan
Shimatzu QP-2010 plus, Japan

AT-1 60 m X0.32-mm X 1.0, um
35C - 10min

8 C/min- 120C -10min
12C/min-180C —7min
15C/min-230C -10min

230C

2507TC

Hes (purity 99:9999%)

15.9 psi

20~350 m/z

_12_



Chopped spotted shrimp 20 g + Water 200 mL

J

Homogenization
J

Autolytic enzyme inactivation(15min at 95C)

N/

pH adjustment
\/

Addition of Alcalase 40 uL
J
Hydrolysis for 30min
\/
Enzyme. inactivation(I5min-at 95C)

N/

Centrifuging(4,000 rpm, 40min)

Fig. 1. Flow chart for preparation of enzymatic hydrolysates of

spotted shrimp.
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2.7 DPPH-Scavenging ¥ Fe-Chelating activity =&
DPPHol| tist 34tst a3 5342 Guerard et al.(2007) ®Ho F3tod A

5

=

=
312 ™ Fe-Chelating54 2 Raghavan & Kristinesson(2008)%] "H

mlo

=4sArh. Nag ANRstel 459 AHgste DPPH Aok

o
u

10 mgS 50 mL methanol §&d¢] FHo] AR&3tt}h. Control AlE+= 3 mL
supernatant®} 015 mL DPPH MeOHE AF&3ta blankes 3 mL
MeOH:Water (1.5:1 or 1.8:1.2 mL)+0.15 mL MeOHE A}&-3}¥th A58
AE 3 mL 4F9Y + 0150 mL DPPH - MeOHE A3ttt BE AlEE
A3 AT 30 FL 20X WIAAT. FFE== 51

e

filo

Al-foil2 #
nmol A SHNAL FAS SH@e ol o] Ao AN

o Ablank—(Asample_Acontrol)
% Inhibition = X 100
Ablank

F4 Fe'E 0]&3% chelating activity®] =4S ferrozine| 2k AL-&-3}
= EAUHE ol &3ttt 5 AlE 25 mLel 125.-mLe MeOHE 7}
< A2 (2,000 rpm, 205—)3}01 35 AE ALESIEE. Control A3+ 3
mLe] FZ5Ho] 0.1 mLY FeChol 0.2 mLel S/FFE AHE-3F%aL, sample
A2 3 mLY A= 0.1 mLY FeClhet 0.2 mLe ferrozineS AH&3}

11, blank+= 3 mL9 MeOH®| 0.1 mL9 FeClL9} 0.2 mLe ferrozine=
Argstanh RE AI2E Alfoil® WS el 308 FoF AL

S A AT FFEE 561 nmol A AR Fas =z ol A

. Ablank_(Asample_Acontrol)
% Metal chelation = x 100
Ablank
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Wilson, 1951)el we} 2Adstgorn, 48235 SAS software(version 9.1
, SAS Institute Inc., USA)E AH&3te] FAIX2lstd Aol thgk 22 3] 7

WS s 5 Utk
3 3 9 2 3 i :
Y S60+2> B X Bl W BnX i X 6 &)

i=1 i i=1 j=2

Boiled-type#} grilled-typeo~8h-g- AfF A xS 2% vESATFA ] A

8 2 ukgdF A xzA AY flow chart= Figr 29 #oh. w4 wkg A

sugard O 2= 6932 glucose, 5EFQ! xylose, ribose, ©]&F<! sucrose
s

¢l glucosamineE A €3}t
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Table 4. Coded level of independent variables in experimental design

Independent Code units
Enzymes .
variables  -1.414 -1 0 +1 +1.414
pH 7.6 8.0 9.0 10.0 10.4
Alcalase

Temp(C) 50.9 55.0 65.0 75.0 79.1

pH 2.6 3.0 4.0 5.0 5.4
Flavourzyme

Temp(TC) 35.9 40 50 60 79.1
pH 3.6 4.0 6.0 8.0 8.4

Neutrase
Temp(TC) 25.9 30 40 50 69.1
pH 3:6 4.0 6.0 8.0 8.4

Protamax
Temp(C) 25.9 30 40 50 69.1

_16_



Cysteine Methionine

Precursor Selection of
selection amino acid
Threonine
(Boiled=type) (Grilled-type)

Glucose, Xylose, Ribose, Sucrose

Selection of sugar ‘

Glucosamine

d ; Optimization of
Maillard reaction

pH and time
Reaction
flavor
formulation Boiled-type-shrimp Grilled-type shrimp
reaction flavor reaction flavor

Fig. 2. Flow chart for shrimp reaction flavor from enzymatic
hydrolysates of spotted shrimp.
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2.9.1 Boiled-type BtE M <&

bR Al o] A ¢ Table 59 Higtul &l wel oF&3kek=<l cysteine -
HCl# methionines WA ¥HEA|A 5 AALE HE § ofr|eibs A
813}a1, glucose, xylose, ribose ¥ sucroses WHSAIZ oW, 7} ©Al9] A
TA S AdE FHH] #EFIF AV MY =od
S AFFol 7HE 77k Aelgtar Az E s opr At
2 Adsidn. ke d A A8S Y3 model system®] ¥F3-ELS ¥

100CE 71222 AAsH A, ofv] =4ty e

>,
J,';l
mlo

(L
o[o
)
-
i

o

al
rr
i
o
S
rr
rfo
b1
[-'O

g8k Az 279 44 . Model systemd] A HdelE ol S ATAE

o] &ste] RIS Ax EHS AASZ] Sf8l Table 63 #o] A4S 3

HU
=
=
R
=
(O8]
5
P
>
%
filo
™,
09:,"
ofr
o
4
i)

2.9.2 Grilled-type BtS M<¢e

WS A o] A7 ¢ Table 79 wigt W&ol wet §&3leE<l cysteine -
HCl#} methionineS WA HFSA|A #HFHAIE vl &, oln|=dFF
%l threonines WHEAIA FHF otw|:=it WH3AFAE A=At Sugar

2 glucose, xylose, ribose % sucroseE WHEAIZAOH, T ThE ¥H3-X A

2 opu|=7]|9} dHslo|EV|E EF 7FAA Y= glucosamines 117 3%
9. 7t wAe ArAe dde TRAA V5P A5} A oW A

% grilled-type ¥Hg A5l 7} 7H7bE Aolgta AZtE A= ofr=
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Table 5. Experimental design on adding amino acid precursors for

boiled-type shrimp reaction flavor

1) Model system of shrimp reaction flavor on adding amino acid precursors

> Effects of cysteine and methionine precursors

Ingredient (g) A B C D E F
Cysteine-HCI 0.3 - 0.15 ¢ 0.3 - 0.15
Methionine . o e = 0.3 0.15

Water 50 50 50 S - -

Shrimp enzyme

hydrolysates - - o by o
Glucose 0.3 0.3 0.3 0.3 0.3 0.3
Total SiFo A950.60 SUIGEES0.6. 50:6% 106

2) Model system of shrimp reaction flavor on adding sugar precursors

Ingredient (g) A B C D E F G
Methionine 0.3 [Oks] 0.3 0.3 0.3 0.3 0.3
Glucose 0:3 - - = 0.3 = -
Xylose = 0.3 H - = 0.3 -
Ribose = = 0.3 = - - 0.3
Sucrose - - - 0.3 - - -
Water 50 50 50 50 - - -
Shrimp enzyme
hydrilysatyes - - - - 50 50 50
Total 50.6 50.6 50.6 50.6 50.6 50.6 50.6 50.6
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Table 6. Experimental design for the optimum reaction condition of

boiled-type shrimp reaction flavor

1) Model system of shrimp reaction flavor on reaction pH

pH
Ingredient (g)
=g 6.0 7.0 8.0
Methionine o3 0.3 0.3 0.3
Sucrose 0.3 0.3 0.8 0.3
Shrimp enzyme hydrolysates 50 50 50 50
Total 50.6  50.6 50.6 50.6

2) Model system of shrimp reaction flavor on reaction time

Tim
Ingredient. (g) ! e2(hrs) g
Methionine 0.1 D.1 0.1
Sucrose 0.3 0.3 0.3
Shrimp enzyme hydrolysates 50 50 50
Total 50.6 50.6 50.6

_20_



°l 100CE 7|2 A
Ahglm, obulwtnt Peo) W &L 112 nHSAc AT ug
2o] pHE o) 2417h pH 702 AR, ArAe gz 23

HHE-3F Alzxe] AR : Model systemol| Al A s ojx] RESHFAE

A4S 2743t $13 Table 8% o] AFS %13

2.10 BtS M<e 32 ME

2.10.1 MIZ M2 2= Higtl

olo
=
o
Ol
lo
i
=

Boiled-type HF

[e)
o
8 WAL HAY USEY

ek

< 3l maltodextring Fo] A xS AS pure typeoldt Aoty o

o
), pure typeSZ A|ZH A5aFo] F & Al(taste enhancer)E Ho] ZP|E

rok

A& seasoning typeol#tal H ISttt Carrieres ¥ utS X
(encapsulation)st= 9& = AL Z, liquidE solidZ FEHZ A| x5l
HAol M F mho] ELEH= AS HLSANAFH AFe] A =4S F
’d AlATH(Versic, 1998). Boiled-type ®EHS  Al-+-3F9] pure typed}
seasoning type®| 8] ¥H|:= Table 99} T}

A9 LTt RAE 24ds T8 A

B WHSAFAE HHY wexAddAM RESAIA AL JteEded

filo
ol
rr

rlo

Grilled-type ®¥Hg- Aj--%F

carrierd & 3F= maltodextrines ¥ o] AxF AHS pure typeolgt &9
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Table 7. Experimental design on adding precursors for grilled-type

shrimp reaction flavor

1) Model system of shrimp reaction flavor on adding amino acid precursors

@ Effects of cysteine and methionine precursors

Ingredient (g) A B C D E F
Methionine 0.3 0.15 - 0.3 0.15 -
Threonine - 0.15 0.3 - 0.15 0.3
Water 50 50 50 - - -
Shrimp enzyme _ _
hydrolysates 50 50 50
Glucose 0.3 0.3 0.3 0.3 0.3 0.3
Total 50.6 50.6 50.6 50.6 50.6 50.6
@ Effects of methionine and_threonine precursors
Ingredient (g) A B C D E G H
Methionine 0.3 0.3 (2 0.3 0.3 03 0.3 0.3
Glucose 0% = = = 0.3 - -
Xylose = 0.3 = ¥ - Oxg) - -
Ribose = = 0.3 - - 0.3 -
Sucrose - g a 0.3 ~ - 0.3
Water 50 50 50 50 b - -
Shrimp enzyme = — £
hydrolysates = 50 50
Total 50.6 50.6..50.6--50.6 50.6 50.6 50.6 50.6

2) Model system of shrimp reaction flavor on adding sugar precursors

Ingredient (g) A B C D E F
Cysteine-HCI 0.3 - 0.15 0.3 - 0.15
Methionine - 0.3 0.15 - 0.3 0.15

Water 50 50 50 - - -

S e - e w
Glucose 0.3 0.3 0.3 0.3 0.3 0.3
Total 50.6 50.6 50.6 50.6 50.6 50.6
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3.1) Model system of shrimp reaction flavor on adding glucosamine and

SUCrose precursors

Ingredient (g) 1 2 3 4 5 6
Methionine 0.15 0.1 - 0.15 0.1 -
Threonine 0.15 0.1 - 0.15 0.1 -

Sucrose 0.3 0.3 0.3 0.3 0.3 0.3
Glucosamine = (0) 11 08 - 0.1 0.3
Water 50 50 50 = - -
Shrimp enzyme i ¥ _
hydrolysates % 50 50
Total 50.6 50.6 50.6 50.6 50.6 50.6

3.2) Model system of shrimp reaction flavor on adding glucosamine and

xylose precursors

Ingredient (g) 1 2 3 4 5 6
Methionine 0.15 0.1 - 0.15 0.1 -
Threonine 0.15 0.1 = 0.15 0.1 -

Xylose 0.8 0.3 0.3 0.3 0.3 0.3
Glucosamine - 0.1 0.3 - 0.1 0.3
Water 50 50 50 - - -
Shrimp enzyme _ _ _
hydrolysates 50 50 50
total 50.6 50.6 50.6 50.6 50.6 50.6
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Table 8. Experimental design for the optimum reaction condition of

grilled-type shrimp reaction flavor

1) Model system of shrimp reaction flavor on reaction pH

pH
Ingredient (g)
5.0 6.0 7.0 8.0
Methionine 0.1 0.1 0.1 0.1
Threonine Gl 0.1 0.1 0.1
Xylose 0.3 0.3 0.3 0.3
Glucosamine 0.1 0.1 0.1 0.1
Shrimp enzyme hydrolysates 50 50 50 50
Total 50.6 00.6 50.6 50.6

2) Model system of shrimp reaction flavor on reaction time

Time (hrs)
Ingredient (g)
1 2 3
Methionine oF | 38 0.1
Threonine % 0.1 0.1
Xylose 0.3 0.3 0.3
Glucosamine 0.1 0.1 0.1
Shrimp enzyme hydrolysates 50 50 50
Total 50.6 50.6 50.6
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o
2

sk o, pure typel = Azd Aol F-&A (taste enhancer)E
ZH|E g AS seasoning typeoltil F 3ttt Grilled-type WHS Al-F-
9] pure type¥} seasoning type®| ¥ §H|= Table 103 ZTh

2.10.2 MIZ SEi0 HE M= 2HE

N
BN

—_

i (powder-type) AFS XF HWER7|(vacuum dryer), &F AXR7
(spray dryer), 24 Z1Z7|(freezing dryer)E ©|&3t] AxstAt). 3
Z= FE 700 cm/Hg, &5 =% 70C, chamber &% 55~60T
Z 3AZF AxsRFew, ol base? brixe 70%ZE SR EFAX
inlet &% 200TC, outlet =% 95~110TC, disk &% 15,000 rpm, input <&
30 mL/min A2 X33} o, olu] base? brix= 35% = 3IITh &

AAZE AFE 01 torr =Z2LE 80ToA 48117 AXsgon, o|u

BN
A, of
o A

rr

based brix= 35% % 3FATE N (extract-type) A2 base S brix 40%
2 IF w55k AlxskiH.
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Table 9. Formula of boiled-type shrimp reaction flavor

Quantities (g)

Ingredients

Pure type Seasoning type
Shrimp enzyme hydrolysates 1000 1000
Methionine 6 6
Sucrose 6 6
Maltodextrin 364 364
Salt 100 100
Sodium succinate - 3.5
Nucleic| acid IMP+ GMP - 8
Glycine = 10
Glucose - 20
DL-Alanine - 5
Xanthan Gum - 0.4
Total 1,476 1,522.9
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Table 10. Formula of grilled-type shrimp reaction flavor

Quantities (g)

Ingredients

Pure type Seasoning type

Shrimp enzyme hydrolysates 1000 1000
Methionine P 2
Threonine 2 2
Sucrose 6 6
Glucosamine 2 2
Maltodextrin 364 364

Salt 100 100
Sodium succinate - 3o
Nucleic acid IMP+GMP - 8
Glycine = 10
Glucose 7 20
DL-Alanine - 5
Xanthan Gum - 0.4

Total 1,476 1,522.9

_27_



52 5AS Hretr] Aste] HlIAE7) panel?l FHEE FA S 4
F5e A 8 whE-3F 1519 AE HEV) panal 18-S AEete &5
Arado=r sk 4 Alse FHE7I(AA 5 cam, Eol 7 an)oll AA

o A &S PolR F ~wlyl HZE(smelling blotter)E ©]-§3}]
FS I o Lotk AEREE 93 7IZHEWS AHESte] Bkt leH
172 ofF ofgtolyt ofF Ui, 55 HF, 982 ofF AFolu ofF F
=5 YAt A8 AAE 729 459 A @A & (randomized
complete block design, Kim & Lee, 1998)S &3l om EE HsHA
= AARAZHS gt FE QT 4NE HFst HAAIS AT BsAAY
A¥= SAS packages ©]&3F] ANOVA A& 3stdom 1 93 =t

°]= Duncan’s multiple range test& ©]-83t% &2 3} % tHSeoung, 2003).
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- N
23 o a3
1.ZM2 42 =4
1.1 2R dBtd=E, pH & VBN

2 AZXI B9 zdwA, zx 2 3R

22.49%, 124%F Tt &
2 Yeiwgern, 3y
o] 7t = ol A= 7.0 mg/100gZ A==

Al A &}

| A TS5 TAE Y AR
ZAE AHHEE, 160, 16:1, 18:0, 18:1, 20:1, 21:0, 24:09]
EX ALY A=
49%= Uesth ¢
&oll o3iA 6-8
o] flavorel|l 7118k FO = e A
olelgt trFEE A A ol AkS} - EafElof TtERESdES

+ &3 FH(off-flavor) 4+ H (rancid flavor)E Fdste o=

39.2%,

El
%‘

-,9- carbonyls¥} alcoholsE A/dsl=H ol

Th7 ¥ 52 L)

Al flavore H7HEE 324 lipoxygenases 2}

N A= TS

ke 53.84%,
© %o pHE 7.9
mg/100g, -
Ao #Ago] HAT

Z A& Table 113 Zt} A

Fa A

T3]

L

rl

AAF o7
A Ao
AR} ol

dH A At

Ho, 1989). =3+ O7}E3X8A % 4E2 carotenoid pigment$} co-oxidation
82 8t fishe flavord] ¥&& F= AL HiHo| glon, AT
TFAEY A= EXSAYLE AR T Fd obrAbRet 7FE RESSHY

heterocyclic compound& ALe® HIFo

Heterocyclic compounds]

=

polysulfides, pyridines, pyrazines -&
Ao =&

o] 3

93kL A= AoR IdHA

_29_
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FTHE< furan, thiophenes, thiazoles, cyclic
0™ o]g]gt compoundst FH|
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Table 11. Fatty acid composition of total lipid extracted from
frozen spotted shrimp

Fatty acids Content (area %)
14:0 2.07
14:1 0.37
15:0 0.50
15:1 0.63
16:0 18.26
16:1 8.91
17:0 0.97
17:1 0.66
18:0 7.04

18:1n9 18.44
18:2n9 1.12

18:3n6,9,12 0.60

18:3n9,12,15 0.37
20:0 1.67
20:1 5.69
20:2 0.27
20:3 0.46
21:0 14.67
20:4 0.62
20:5 0.64
22:0 0.11
22:1 0.42
22:2 0.80
23:0 1.48
24:0 13.25
Total 100
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1.3 =cl0t0l =&t
ofElwal, WEols, Y1 BuAe 4FY g FoB AEF AU

A9 3t - 2 d Aoy O YTkl T ot 9gs & Bt ofy

D,L-aspartic acid, D-alanine, D,L-arginine, L-histidine, D,L-isoleucine,
D,L-lysine, D,L-proline, D,L-serine, D,L-threonine, D,L-valines°] At =
A, @uts 7F3 opn|=4to 2 = D-histidine, D-phenylalanine, D-tyrosine,
D-leucine, L-alanine, glycine 5°] Sth AlA}, 28ks 7hx] ojw|=ito =
+ L-phenylalanine, L-tyrosine, L-leucine 5°| Atk YA, f3t=7 Hls
st Bl(sulfurous taste)s  7FFl | opH]:=4to 2= D,L-cysteine,
D,L-methionine 5°] U} PR ZO Z amino acid =52+ ¥H FElgh
s Zta QA= gok 3 EAFSEN T E Edo Bhg wsl(flavor
modifier) A 7] A A A F= A d(flavor intensifier)= 71X ofn|=4ko
2 L-glutamic acid7}SitHKim, 1987).

AR RS B4 TheEsi=e] FrEletuisal 248 Table 1294 2T
Frelotr gk F3FE 1,072 mg/100g01™, F2 8 ofv| =4k Ak}
v =41 L-a-aminoadipic acid$} L-leucine, L-lysine, L-alanine .= UE}%:
ot A ste] B E Sk aspartic acid®} glutamic acid®] &3
mg/100g, 39 mg/100go. 2 UERon, w@uto] #odt=  L-alanine,
L-glycine®] &#<& Z+zF 102 mg/100g, 61 mg/100gZ UtERGTh 250+
7F obr] =4kl L-phenylalanine®] $&2 67 mg/100g, L-tyrosine®| &

71

3

#F2 24 mg/100g, L-leucine® 372 116 mg/100ge] 2™, sulfurous
tasteE 7}A= ofF|:=4FQ] L-methioninex 62 mg/100g= EFSETE
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Table 12. Free amino acid contents in enzymatic hydrolysates of

spotted shrimp

Amino acid

Content (mg/100g)

Phosphoserine 7
Taurine 31
L-Aspartic acid 1
L-Threonine 22
L-Serine 34
L-Glutamic acid 39
L-a-Aminoadipic acid 289
L-Glycine 61
L-Alanine 102
L-Citrulline 3
L=Valine 23
L-Methionine 62
L-Isoleucine 61
L-Leucine 116
L-Tyrosine 24
L-Phenylalanine 67
L-Orinithine 13
L-Lysine 117
Total 1,072
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We  TCA(Y,%), OPA(Yy,%), TNBS(Ys;%)9t &2Hads  =A3)e
DPPH-scavenging activity(Ys, %), Fe-chelating activity(Ys %) A&l3dto]
4 AzzAe AP ArRAEE BLRAYES 245 F29
Q0o0m AW wel TCA, OPA, TNBSHO 2 ST 4 Qlth &4
wafloll ols Eeld Jete]=9} opm it oY 7hA] Ve ZHAAL Q)

= Ae=E dHA Jom(Gildverg & Stenberg, 2001; Cheong, 2007), ©]
st 715 T ShYE S E S FHEHSE HAASAL. TATAE AEH
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72-742 JEIGT G4%% 02%Y wle JFEES7 AAE Aoy wkg

1502 & pH 74, 7}IEx 239%=2 Hgo] FHEHS B & o &4
E

02%% Bl=3 Aoz Yelyth 842%% 3-7% WYY e 108 oy =

bl whge] FAHNeH olmjo] pHE 7273, VtFEAEE 30%E
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mlo
rlr

HAo webA whg 3413 $9

3A1ZE ol A&T A

Aot ATARS FAG 3P

AasEAAM Hgo] FEHER, v AZE

filo



Enzvme
O,
(55)
-=+--0.2

- =-05

— % -3

—_—— 7

0 30 &0 90 120 150 180
Time {mins)

Fig. 3. Changes of pH acecording to the enzyme concentration during
hydrolysis at 65T

_34_



Table 13. Changes of pH and TCA according to the enzyme
concentration during hydrolysis at 65T
E . .
nzyme Time (mins) TCA
COI1l.
%) 0 LYV &IINLJ "5 150 1830 @
0 9.2 9.2 9.2 9.2 9.2 9.2 9.2 1.4
0.2 8.9 a8 8.1 7.8 7.6 7.4 7.4 23.9
0.5 8.8 8.0 7.8 7.6 > T4 7.4 28.5
1.0 9.2 8.1 (.7 (7.9 7.5 7.4 7.4 7.3 30.0
3.0 7.8 g 3 .3 Ve 7.3 Tixo) 7.3 30.0
5.0 gL 7.3 7.7 7.3 7.2 ™2 7.2 30.0
7.0 7.3 =2 Tl ol 7 A 7.2 7.2 30.0
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2.2 Alcalase
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it fr =S 95}e] SAS software®Z S A A 8] RO,
O3 AR 2= Table 15 2 163 2ok 23k 3] 7AW A 49 Ao
gt A A S (R-square)ol] o] 7HEdl= 4%k TCA, OPA, TNBS7}
Z+2} 0.9618, 0.9173, 0.9106, 4+t 544 7kQ] DPPH-scavenging activity,
Fe-chelating ' activity7} 22} 0.9459, 098442 el Hgo] w1 vhgl

gAces 4AHN9SE & 5 Ak AGRABZ) UANE SR

= =A%k TCA, OPA, TNBS7} Z+2k 0.0001¢]3}, 0.0011, 0.0015, &4+
3l8 =73k DPPH-scavenging activity, Fe-chelating activity”} 7z}z}

0.0003, 0.0001°]8t= . 2L 37 4e] AAZF Aeds & 5 AUG
(Table 17, 18). Z SHEFE] A3 ek G4 H53te] JadAE
AU EA RS Ee dojA TCA, TNBSY dxda o] xd-e 99% 9]
FEAA =2 FF FALS yehlio] A3 tal] &l e A=
Uk ou, w2 95% Tl frolde dEhlAl ol dFol (e
Aoz YJeElgth OPAE 0|38 AL 99%FFoA =& FoAS e
oy dargds margre] A9 B%FEolA FodE JehiA &3
o} g4kst=E ol 9lojx DPPH-scavenging activityZ} Fe-chelating activity <]
YA, o]2Fe 9% FEAAM T2 FEY FAHS Ve A3
el d&ol A= Aoz Uesoy, wade B%rrals Fode

~



B A ool o] gle FOeE UethTable 17, 18). o|# g ZAHE
EQE 4oz 23 3] AWG 22 Table 199 Z o

ZhrEde dFs PAe 7 OSHHS FEghe FHRBAE dotrR7]
A8 22 FAYH 2SS maple softwareE ©]83te] 32+ 1) Z(tree
dimensional graph)E 13 o™ 1 Z¥+= Fig. 4, 59 Aot 7 THHSF
bl e st didt SHHTY HH 2§ Table 2000 Whed
Wl 7HeEs=s betdle TCAY)S AH3 =1L pH(X)
2348 L£5(Xy) 64.5T, OPA(Y2) S HA3 271L pH(X) 9.2, &4A
T(Xo) 64.4C, TNBS(Ys)d HA3F S pH(X:)-93, E4HZ £%(X,
67.7CE HAZ FA18 Aoz yeiyton Agulge e 7l
o] ztol= gle Ae= Yyt 34ksts S UEl= DPPH-scavenging
activity(Y))e] &3 ZZALS pH(X) 94, &xA7 L£2(X) 65.07C,
Fe-chelating activity(Ys)®] A3 12 pH(Xy) 9.5,
646 Cox et 7=t distE e FEuFE x
A9 gEo] AY FAlEA AlcalaseS o] g3 HZH AxZHS SHPWHS
59 Hugo= Yeded 1 AF/= pH(X) 93, &4
652CE Yetwth SHHF HAZJZAA AT TEHHUF T
= Hhgke TCA 31.4%, OPA 292%, TNBS 29.5% % ow, a42+3}he

o

2 o
ke &
2 & o b

e

H %k DPPH-scavenging activity 24.9%, Fe-chelating activity 26.9%=
el AAAE e HE& TCA 31.9%, OPA 29.5%, TNBS 29.3% %12
w, ksl o] Hu gk DPPH-scavenging activity 25.1%, Fe-chelating
activity 26.7% = o= Hogd 2 xolE YR A FSkth(Table 21).
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Table 14. Response of the dependent variables of degree of hydrolysis
and antioxidative activity according to enzymatic hydrolysis
condition of spotted shrimp by Alcalase

Dependent variable

Independent
i D Antioxidati
variables Degree of hydrolysis " IO.XI. .a Ve
activities

Expt. (X2) (¥ (Ys)
2 5

X e ¥ Y DPPH
no ( 1? Reactios (V) (Y2) (Ys) | oo
Reaction TCA OPA TNBS. -scavengi )

temp. Chelating
pH 2 (%) (%) (%) ng .
() Nt activity
activi
T @
(%)

1 0 0 30.6 29.4 27.0 23.7 26.1
2 0 0 30.5 29.1 29.1 24.1 27.1
3 0 0 i 1.5 30.4 27.3 23.2 25.3
4 0 0 31.0 24.9 30.1 24.2 25.4
5 0 0 30.3 30.5 28.9 24.4 25.7
6 0 -1.414 10.8 W .5 15:0 12.8 13.7
7 0 +1.414 15.3 21.6 22.5 16.3 11.8
3 -1 -1 8.5 7.6 14.8 11.8 14.9
9 -1 +1 6.6 10.5 19.0 6.1 11.4
10 +1 -1 20.1 19.5 19.0 17.7 19.1
11 +1 +1 11.5 10.0 23.0 15.7 18.4
12 -1.414 0 8.3 7.6 6.5 6.8 13.0
13 +1.414 0 21.7 18.3 24.2 21.5 25.2

UThe coded levels of independent variables are same as represented in Table 4.
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Table 15. Result of response surface methodology on degree of hydrolysis of enzymatic hydrolysates from
spotted shrimp by Alcalase

Degree. of hydrolysis

Parameter ~ DF" TCA OPA TNBS

Coefficient P=value Coefficient P-value Coefficient P-value
Intercept 1 ~1200.466786¢ = <0.0001 -1168.919499 0.0001 -711.266608 0.0008
pH 1 170.235873 <0.0001 189.025607 0.0001 115.432957 0.0009
Temp 1 13.749397 <0.0001 10.231723 0.0024 5.966117 0.0137
pHX>pH 1 -8.305353 " <0.0001 -9.196933 0.0002 -6.163545 0.0006
pHXTemp 1 =0.167500 0.2339 -0.310000 0.1025 -0.005000 0.9718
TempXTemp 1 -0.094569 . <0.0001 =0.057323 0.0026 -0.043736 0.0040

YDF means degree of freedom.
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Table 16. Result of response surface methodology on antioxidative activity and Fe-chelating activity of
enzymatic hydrolysates from spotted shrimp by Alcalase

Degree of hydrolysis

Parameter DEY DPPH -scavenging activity Fe-chelating activity
Coefficient P-value Coefficient P-value

Intercept 1 -607.859561 0.0004 -517.144236 <0.0001
pH 1 94.794894 0.0005 61.027343 0.0001
Temp 1 5.718045 0.0039 7.851546 <0.0001
pH><pH 1 =5.347324 0.0002 -3.444813 <0.0001
pHXTemp 1 0.092500 0.3897 0.070000 0.2112
TempX<Temp 1 =0.050655 0.0003 -0.065906 <0.0001

YDF means degree of freedom:
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Table 17. The statistical result for degree of hydrolysis of enzymatic hydrolysates from spotted shrimp by

Alcalase
1) TCA
Regression DEV Type 1 sum-of squares R-square F-value P-value
Linear 2 159.142675 0.1313 12.03 0.0054
Quadratic 2 995.027992 0.8212 75.22 <.0001
Crossproduct 1 11.222500 0.0093 1.70 0.2009
Total Model 5 1165.393166 0.9618 35.24 <.0001
PDF means degree of freedom.
2) OPA
Regression DF Type I sum of squares R-square F-value P-value
Linear 2 87.950812 0.0953 4.03 0.0684
Quadratic 2 719.857988 0.7803 33.01 0.0003
Crossproduct 1 38.440000 0.0417 3.53 0.1025
Total Model 5 846.248800 0.9173 15.52 0.0011
3) TNBS
Regression DF Type 1 sum-of squares R=square F-value P-value
Linear 2 181.527439 0.3120 12.21 0.0052
Quadratic 2 348.319326 0.5986 23.43 0.0008
Crossproduct 1 0.010000 0.0000 0.00 0.9718
Total Model 5 529.856765 0.9106 14.26 0.0015
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Table 18. The statistical result for antioxidative activity and
hydrolysates from spotted shrimp by Alcalase

1) DPPH-scavenging activity

Fe-chelating activity of enzymatic

Regression DFV Type I sum of squares R-square F value P-value
Linear 2 165.322949 0.3139 20.31 0.0012
Quadratic 2 329.452132 0.6255 40.47 0.0001
Crossproduct 1 3.422500 0.0065 0.84 0.3897
Total Model 5 498.197591 0.9459 24.48 0.0003
YDF means degree of freedom.
2) Fe-chelating activity
Regression DF Type Isum of squares R-square F value P-value
Linear 2 106.91.2326 0.2309 51.64 <0.0001
Quadratic 2 346.904635 0.7492 167.56 <0.0001
Crossproduct 1 1.960000 0.0042 1.89 0.2112
Total Model 5 455.776961 0.9844 88.06 <0.0001
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Table 19. Response surface model for processing conditions of enzymatic hydrolysates from spotted shrimp by

Alcalase

Response

Quadratic polynomial model

TCA(%)
OPA(%)

TNBS(%)

DPPH -scavenging
activity(%)

Fe-chelating activity(%)

Y1

Yo

Y3

Ya

1200.4668 + 170:2359X; + 13.7749Xs — 8.6054X;” - 0.0946X,"
1168.9195 + 189.0256X; + 10.2317X. — 9.1969X;* - 0.0573X,"
711.2666 + 115.4330X; + 5.9661Xs — 6.1635X,” - 0.0437X,°
607.8596 + 94.7949X; + 5.7180X; - 5.3473X,* - 0.0507X,*

517.1442+, 61:0273X, + 7.8515X, - 3.4448X,® - 0.0659X,"




b 2]
o :ggiaﬁx
S

25 0’&"“%“%\

1204
TCA 1009 £
501

50

2404
20
2004
OPA 180
1607
140
1204

(B) OPA (C) TNBS

Fig. 4. Relationship between reaction pH and temperature on degree of
hydrolysis of enzymatic hydrolysates from spotted shrimp by
Alcalase.
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spotted shrimp by Alcalase.
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Table 20. Optimal conditions for preparation of enzymatic hydrolysates
from spotted shrimp by Alcalase

Dependent Independent Critical value  Predicted Stationary
variables variables  Coded Uncoded value point
X3 0.188 9.3
Y.(TCA,%) 31.4 Maximum
X2 -0.036  64.5
X1 0.137 9.2
Y2(OPA, %) 29.2  Maximum
Xo -0.043 64.4
X5 0.241 9.3
Y3(TNBS, %) 29.5 = Maximum
Xy 0.189 67.7
Y +(DPPH-scavenging X 0.300 9.4 .
0 24.9 Maximum
activity, %) Xo 0.003  65.0
Y;5(Fe-chelating X4 0.367 95 )
L 26.9 Maximum
activity, %) X5 LD . 022 5640
Average of Y1, Yo Y3 Y4 X1 0.247 9.3 B B
and Ys Xy 0.017 65.2

X1, pH ; Xs, enzyme treatment temperature, C
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Table 21. Experimental and predicted results for preparation of
enzymatic hydrolysates from spotted shrimp by Alcalase

Dependent variables Predicted value Experimental value
Y1(TCA,%) 31.4 31.9
Y2(OPA, %) 202 29.5
Y3(TNBS, %) 29, 29.3
Y4(DPPH-scavenging activity;%) 24.9 25.1
Ys(Fe-chelating “activity;%) 26.9 26.7

Optimal conditions : pH 9.3, enzyme treatment temperature 65.2C
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2.3 Flavourzyme
3 duAFES AASIEoH JuATE S FI §49 FEE 02%%2 13

of FAFAAGH] o5 TN AWE FHekATHTable 22).
EHA T foxt HES 993t SAS software® EA A7 oM,
OE3 LA 23 Table 233 2t 22k 3| ARA 4o A= gt
F(R-square)=  ZhFiREA=rF 08284, kst SAEQ
DPPH-scavenging activityl_ 0.6441, Fe-chelating activity}f 0.7894% U }E}
Ut AZAodAZoe] JoIAE EEIEE 00131, FiEs A
DPPH-scavenging activity= _0.1288, Fe-chelating activity< "0.0254% }E}
U 7t a9} Fe-chelating activityoll S1ojx] 23+ 3| AW 2 o] AA 7}
AN TH(Table 24). 2 =HWFs2] Aol e 9%
FHLAE AHEY, ZlEsEe doiM AT oA

L
e
filo
e
_‘

4 Jo
)
o
>

5% FEAM T2 FENGTAES UEW A thal o] =
Ao Z Yoy, wxpghe B%rrollA Fods UEhAl oof 9%

o] gle Ao =Z Uetutth Akt ge] 8194l DPPH-scavenging activity ©]
o] 232 95%, Fe-chelating activity®] O]zt 99%9] FFolA &2 F
T Fo4s vetlio] A3 B o] A= AoE YR, ¢
A WS BRrEAA TS UEHA b o] jle AL
Z Uehsth(Table 24). o]8ld AE Ediz Ao 23 3ALH
Table 259} #ti.

ThrEEee d¥Fe vAe 7 O SHHS A5zt AUBAES Lot
sl 2xF ) AWGAE maple softwares ©|&3te] 3AY L Z(tree

dimensional graph)E 1% °™ 1 ZI}+= Fig 6, 7% 2o F FTHHESF
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ArRAES FuEHo] e SHWS HHE ghS Table 260] et

WA AAERAEM)S HAS 2AL pH) 42, FaAE LE(X)

Flavourzymes ©]-&3t A Azxx

Red 1 ZAAE pHX) 41, E4HF] 25Xy 545CE YeERth 5§
Ao HHxAAA didEe T5HSFA trRase] Adage 193%
Fow, FikstEel  HUk>  DPPH-scavenging - activity  14.5%,
Fe-chelating activity 26.6% = YEH Tt AAL TS sts 35 7HrEal
Tol HUgS 206%Ae™, FAEHS]  HUigke DPPH-scavenging
activity 15.8%, Fe-chelating activity 25.3%% o] 4%+ Hdgd 2 o) =
WERH A Xk TH(Table 27).
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Table 22. Response of the dependent variables of degree of hydrolysis

and antioxidative activity according to enzymatic hydrolysis
condition of spotted shrimp by Flavourzyme

Dependent variable

Independent
variables” Degree. of Antioxidative activities
Expt. hydrolysis(%)
1o (X1) (X2) (Y1) (Y2) (Ys)
Reaction Reaction TCA(%) DPPH-scavengi Fe-chelating
pH temp.(C) ng activity(%)  activity(%)
1 0 0 20.4 14.4 27.5
2 0 0 18.1 14.8 27.1
3 0 0 19.0 13.9 27.0
4 0 0 18.1 15.2 27.5
5 0 0 19.4 14.2 28.1
6 0 -1.414 14.0 8.7 23.3
7 0 +1.414 15.8 1498 15.9
8 -1 =], 13.0 10.3 9.1
9 -1 +1 17.0 13.2 3.9
10 +1 -1 18.5 11.9 18.7
11 +1 +1 15.4 7.5 17.2
12 -1.414 0 9.1 6.1 11.7
13 +1.414 0 17.6 12.3 16.7

DThe coded levels of independent variables are same as represented in Table 4.
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Table 23. Result of response surface methodology on antioxidative activity and Fe-chelating activity of
enzymatic hydrolysates from spotted shrimp by Flavourzyme

Degree. of hydrolysis

Parameter DEY TCA DPPH -scavenging activity Fe-chelating activity
Coefficient P-value Coefficient P-value Coefficient P-value

Intercept 1 ~89.737889 0.0055 -88.522107 0.0239 -137.906488 0.0717
pH 1 31.437764 0.0024 30.051942 0.0138 65.515561 0.0119
Temp 1 1.563529 0.0132 1.558439 0.0459 1.030684 0.4725
pH><pH 1 -2.570977 0.0060 —-2.543582 0.0253 -8.295664 0.0032
pHXTemp 1 -0.177500 0.0727 -0.182500 0.1533 0.092500 0.7120
TempXTemp 1 -0.007483 0:0371 -0:007327 0.1061 -0.014122 0.1342

UDF means degree of freedom.
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Table 24. The statistical result for degree of hydrolysis, antioxidiative activity on DPPH and chelating activity on
Fe of enzymatic hydrolysates from spotted shrimp by Flavourzyme

1) TCA
Regression DFV Type I sum of squares R=square F-value P-value
Linear 2 31.885483 0.2764 5.64 0.0348
Quadratic 2 51.068646 0.4427 9.03 0.0115
Crossproduct 1 12.602500 0.1093 4.46 0.0727
Total Model 5 95.556629 0.8284 6.76 0.0131

UDF means degree of freedom,

2) DPPH-scavenging activity

Regression DF Type I sum of squares R-square F-value P-value
Linear 2 2.752283 0.0269 0.26 0.7747
Quadratic 2 49.728476 0.4867 4.79 0.0490
Crossproduct 1 13.322500 0.1304 2.56 0.1533
Total Model 5 65:803259 0.6441 2.53 0.1288

3) Fe-chelating activity

Regression DF Type 1 sum-of-squares R=square F-value P-value
Linear 2 148.504032 0.1930 3.21 0.1026
Quadratic 2 455.543696 0.5920 9.84 0.0093
Crossproduct 1 3.422500 0.0044 0.15 0.7120
Total Model 5 607.470228 0.7894 5.25 0.0254
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Table 25. Response surface model for processing conditions of enzymatic hydrolysates from spotted
shrimp by Flavourzyme

Response Quadratic polynomial model

TCA(%) Y, = - 89.7379 + 31.4378X; + 1.5635X, - 2.5710X;% - 0.0075X,°

DPPH-scavenging

Y
activity(%) °

- 88.5221 + 30.0519X; + 1.5584X, - 2.5436X;% - 0.0073X,°

- 137.9064 + 65.5156X; + 1.0307X. - 8.2957X,”

Fe-chelating activity(%) Ys




TCA

Fig. 6. Relationship between-reaction pH-and temperature on degree of
hydrolysis of enzymatic hydrolysates from spotted shrimp by
Flavourzyme.
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Fig. 7. Relationship between reaction pH and temperature on
antioxidative activities of enzymatic hydrolysates from
spotted shrimp by Flavourzyme.
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Table 26. Optimal conditions for preparation of enzymatic hydrolysates
from spotted shrimp by Flavourzyme

Dependent Independent Critical value  Predicted Stationary
variables variables  Coded Uncoded value point
X4 0.176 42
Y(TCA, %) 19.3  Maximum
Xo -0.157. 54.1
Y(DPPH-scavenging X1 =0.156 3.9 .
FL 14.5 Maximum
activity, %) Xy . 150.2
Ys(Fe-chelati ; 4.
3( e. c elating X1 0.164 2 N i
activity,%) Xs =0:331 50.3
Average of Y1 Yo Xy 0.061 4.1 . B
and Y3, Xo R 56 54 .5

X1, pH ; X3, enzyme treatment temperature, C
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Table 27. Experimental and predicted results for preparation of

enzymatic hydrolysates from spotted shrimp by
Flavourzyme
Dependent variables Predicted value Experimental value
YA(TCA, %) RO 3 20.6
Y2(DPPH-scavenging activity,%) 14.5 15.8
Ys(Fe-chelating activity,%) 26.6 2.3

Optimal conditions : pH 4.1, enzyme treatment temperature 54.5C
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2.4 Protamax
Protamax®l] &3+ ZA¢ 7IEAEY A ANFRZE

qrIdES AArlster dquridds T 849 s&R= 02%= ATt

nd
filo
e
O
i)
.
S
L
%

FANE A4S TP tH(Table 28).

3t AZS 93} SAS softwareZ FA A8 dtGoH,

033 ALY 23 Table 299 2t 23F 3|ANH A9 Ao et
ES

AAYA G (Rsquare)=  7FFEEAE7F 09614, FAEE =Hz
DPPH-scavenging activity= 0.9032, Fe-chelating-activity~ 0.8591% U}E}
U Ad3o] mEHd g gale g AAHNTS & 7 AT A A
AZol  JH=E EISEE 0000103, - gatakE AR
DPPH-scavenging activity= 0.0020, Fe-Chelating activity= 0.0068% €}
w2z A e AV felde & USATH(Table 30). 2+ =#w

FEo A uF dF Hgzte] FudAE dHEd, T ol
Aol DA oA 9% FEAM =2 FE FH48S U
o] Aol delFFo) e Ao UEgo, A 95%FENA
o8& et A ool 9] fle AR YEsith kst ol qlofA
DPPH-scavenging activity®] d2F@z} ofx}&E 99%, Fe-chelating activity
of AR 95%, olAFLE 9% FEolM wL FTo FAde HE
of Ayl sl FFel J= AeZ yeEtou, WA 95%FF ol A
To4e YERA ol dFo] = A= YEET(Table 30). ©]2gh
235 EdE Aojxl 23 3 ALG A Table 313 2t

q
Aersel G PINE T EPUF FE0] JUUAS Fopuy

N

dimensional graph)E 13 o™ 1 A3+ Fig. 8 99 Aot F+ THHSF
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7t ksl Wik Swae] HHxd g2 Table 320 e}
gtk ArEAE)e HHS 2D pHX) 67, EadE LX)
443C, 34ke e S YEll = DPPH-scavenging activity(Y2)9 #HZg =

w, ksl o] Hu gk DPPH-scavenging activity 18.5%, Fe-chelating
activity 22.7%% YEEH. dAddS 8= B Vel = How
< 251%ReH, FAirsEe] Hulgk> DPPH-scavenging activity 17.8%,
Fe-chelating activity 21.2% 2 3= +<= AWH#EI 2 =ol& HERHA 23
CHTable 33),
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Table 28. Response of the dependent variables of degree of hydrolysis
and antioxidative activity according to enzymatic hydrolysis
condition of spotted shrimp by Protamax

Dependent variable

Independent
. 1) D f
variables esree ? Antioxidative activities
Expt. hydrolysis
no (Ys)
(X1) (Xs2) (Y1) (Yo) )
. i ~ Fe—chelatin
Reaction Reaction TCA DPPH-scavengi o
; . g activity
pH temp.(TC) (%) ng activity (%)
(%)

1 0 0 26.1 18.6 22.0
2 0 0 24.8 18.4 23.6
3 0 0 25.0 18.3 22.4
4 0 0 24.7 18.4 21.0
5 0 0 25.8 18.3 23.8
6 0 -1.414 19.7 16.7 19.2
7 0 +1.414 19.6 16.4 18.7
3 -1 — L 12:4 13.6 13.7
9 -1 +1 12.1 12.4 12.9
10 +1 -1 21.8 15.7 16.9
11 +1 +1 21.1 14.9 15.7
12 -1.414 0 10.8 8.6 7.5
13 +1.414 0 21.4 16.6 20.5

YThe coded levels of independent variables are same as represented in Table 4.
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Table 29. Result of response surface methodology on antioxidative activity and Fe-chelating activity of
enzymatic hydrolysates from spotted shrimp by Protamax

Degree-of hydrolysis

Parameter DFY TCA DPPH =scavenging. activity Fe-chelating activity
Coefficient P-value Coefficient P-value Coefficient P-value

Intercept 1 -69.001858 0.0007 -25.688182 0.0410 -56.396329 0.0268
pH 1 22.193157 | <0.0001 12.518719 0.0006 20.642239 0.0017
Temp 1 0.936768 0.0190 0.164780 0.99L2 0.563908 0.3185
pHXpH 1 =1.644294  <0.0001 -0.973895 0.0003 -1.572706 0.0009
pHXTemp 1 -0.005000 0.8896 0.005000 0.8727 -0.005000 0.9349
Temp><XTemp 1 -0.010197 0.0038 -0.0024 37 0.2785 -0.006201 0.1718

UDF means degree of freedom.
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Table 30. The statistical result for degree of hydrolysis, antioxidiative activity on DPPH and chelating activity on
Fe of enzymatic hydrolysates from spotted shrimp by Protamax

1) TCA
Regression DFV Type I sum of squares R-square F-value P-value
Linear 2 141.151202 0.4030 36.57 0.0002
Quadratic 2 195.588745 0.5584 50.67 <0.0001
Crossproduct 1 0.040000 0.0001 0.02 0.8896
Total Model 5 336.779947 0.9614 34.90 <0.0001

UDF means degree of freedom.

2) DPPH-scavenging activity

Regression DF Type I sum of squares R-square F-value P-value
Linear 2 29.547399 0.2821 10.20 0.0084
Quadratic 2 64.994512 0.6206 22.43 0.0009
Crossproduct 1 0.040000 0.0004 0.03 0.8727
Total Model 5 94.581911 0.9032 13.06 0.0020

3) Fe-chelating activity

Regression DF Type I sum-of “squares R-square F-value P-value
Linear 2 68.124182 0.2454 6.10 0.0293
Quadratic 2 170.340868 0.6136 15.24 0.0028
Crossproduct 1 0.040000 0.0001 0.01 0.9349
Total Model 5 238.505050 0.8591 8.54 0.0068
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Table 31. Response surface model for processing conditions of enzymatic hydrolysates from spotted shrimp by

Protamax
Response Quadratic polynomial model
TCA(%) Y, = - 69.0019 + 22.1932X; + 0.9368Xs - 1.6443X,% - 0.0102X,°
DPPH-scavenging 9
Y, = - 25.6882 # 12.5187X; - 0.9739X;

activity(%)

Fe-chelating activity(%) Y ="456.3963 # 20.6422X; - 1.5727X:?




TCA,

Fig. 8. Relationship between reaction pH and temperature on degree of
hydrolysis of enzymatic hydrolysates from spotted shrimp by

Protamax.
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DPPH ST
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AR
L

(B) Fe-chelating activity

Fig. 9. Relationship between reaction pH and temperature on
antioxidative activities of enzymatic hydrolysates from
spotted shrimp by Protamax.
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Table 32. Optimal conditions for preparation of enzymatic hydrolysates
from spotted shrimp by Protamax

Dependent Independent  Critical value  Predicted Stationary
variables variables Coded-Uncoded  value point
X1 0.284 6.7
Y.(TCA,%) 25.8 Maximum
Xo -0.148  44.3
Yo(DPPH-scavenging X1 0.221 6.5 .
. 18.5 Maximum
activity, %) Xy =0. JE—1 0.5
Ys(Fe-chelati 02 )
3 e. C et o 0208 B 22.7 Maximum
activity, %) X -0.215 42.9
Average of Y1 Yo X1 0.237 6.6 e B
and Ys Xs -0.229 425

X1, pH ; Xo, enzyme treatment temperature, C
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Table 33. Experimental and predicted results for preparation of
enzymatic hydrolysates from spotted shrimp by

Protamax
Dependent variables Predicted value . Experimental value
YA(TCA, %) 25.8 25.1
Y2(DPPH-scavenging activity,%) 18.5 17.8
Y3(Fe-chelating activity;%) 22.7 21.2

Optimal conditions : pH' 6.6, enzyme treatment temperature 42.5C
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2.5 Neutrase

Neutraseol] 2|3t ZA|-¢ 7IFEH =29 A AxZE
=

nd
filo

o

-~

O
D
.
S
L
)

2 43S FYstH(Table 34).

3t =& 93} SAS software® EA A ] 3o H,

033 ALY 23 Table 359 2t 23F 3|ANHA 9] Ao et
F(R-square)=  7FEEII=7E 0 09928, FakstE A

DPPH-scavenging activity= 0.9543, Fe-chelating-activity= 0.936

U Ad3o] B g gl g AAHATS & & AT A7

A5l ANAAME Tt e 0.0009, 3 Aks} =4

(€8]
u

ml £
o

DPPH-scavenging activity= 0.0001, Fe-chelating activity= 0.0005%
g 2% fAE A A G & & cAgdTh(Table 36). 4 %
T Aol U FF Hgte] FRBAE LHEW, hrEE=
014 o)A 9% skl B Fxol fo4e UEol A0

s UehlAl ok el Rl= Ao E Uewgn. ditssel o
DPPH-scavenging activity®} Fe-chelating activity®] ©|x}3-2 99% <+
A =2 FEY FAAde dEilol A3l el d&Fel = AeE yE
wou, A wAeke 95%FEdAM Folds UE
fle ASZ UEETH(Table 36). o123 2345 Edz o 23 A%
4 2]-2 Table 377 2t}

=
X
&2

o
L
o2
oo
o

el 22 I ALAH 2SS maple softwares  ©]&3te] 3x L) Z(tree

dimensional graph)E 1% %™ 1 ZA¥+= Fig. 10, 1174 29 T F5W
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& Aspawst Fasdd O SUwNse] AAxD L Table 380

eIt 7t

e

FEAE(Y)S HAHS 21S pH(X) 62, B4 &%
AslE & YE = DPPH-scavenging activity(Y2)&] 32 s}
Z71L2 pH(X) 6.1, &&H8 2%(X;) 46.0C, Fe-chelating activity(Ys)<]
SE(Xo) 48T 2 YElGT 7l

279 gEol A FAsS

o] HHZAMA ddHE FEHRTS TFRAEe] HUEe 15.7%3AS
, ksl o] Hu gk DPPH-scavenging activity 18.3%, Fe-chelating
activity 19.3%% Welgth. AP RS B¢ V=] Hug
< 161%A o1, Fistge] H e DPPH-scavenging activity 17.4%,
Aol gt 2 zols YERHA 22

i
ilr

Fe-chelating activity 18.8% % &
t}(Table 39).
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Table 34. Response of the dependent variables of degree of hydrolysis

and antioxidative activity according to enzymatic hydrolysis
condition of spotted shrimp by Neutrase

Dependent variable

Independent
variables” Degree (?f antioxidative activities
Expt. hydrolysis
1o (X1) (X2) (Y1) (Y2) (Ys)
Reaction Reaction TCA DPPH=scavenging Fe- chelating
pH temp.(C) (%) activity (%) activity (%)
1 0 0 sl O 18.7 19.6
2 0 0 15.8 18.1 20.6
3 0 0 15.6 18.1 18.9
4 0 0 15.9 18.1 19.1
5 0 0 15.7 18.7 19.5
6 0 -1.414 10.7 13.6 14.8
7 0 +1414 10.8 1541 15.6
8 -1 =l 7 10.3 10.4
9 -1 +1 7.1 10.5 9.4
10 +1 -1 10.9 12.1 10.8
11 +1 +1 10.3 11.3 9.9
12 -1.414 0 7.8 8.1 8.7
13 +1.414 0 9.2 9.4 10.0

D The coded levels of independent variables are same as represented in Table 4.
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Table 35. Result of response surface methodology on antioxidative activity and Fe-chelating activity of
enzymatic hydrolysates from spotted shrimp by Neutrase

Degree~of hydrolysis

Parameter DRV TCA DPPH -scavenging activity Fe-chelating activity
Coefficient P-value Coefficient P-value Coefficient P-value

Intercept 1 +56.253581 0.0014 -58.576753 0.0005 -64.417345 0.0018
pH 1 16.774898 0.0002 19.983496 <0.0001 22.696838 <0.0001
Temp 1 0.884363 0.0180 0.705606 0.0243 0.674288 0.0898
pHX>pH 1 ~1.315568 <0.0001 -1.598431 <0.0001 -1.880672 <0.0001
pHXTemp 1 -0:008750 0.7949 -0.012500 0.6660 0.001250 0.9750
TempXTemp 1 -0.009281 0.0043 -0:006843 0.0090 -0.007612 0.0242

UDF means degree of freedom.



Table 36. The statistical result for degree of hydrolysis, antioxidiative activity on DPPH and chelating activity
on Fe of enzymatic hydrolysates from spotted shrimp by Neutrase

1) TCA
Regression DEV Type I sum of squares R=square F-value P-value
Linear 2 11.426097 0.0750 3.40 0.0929
Quadratic 2 129.084692 0.8471 38.42 0.0002
Crossproduct 1 0.122500 0.0008 0.07 0.7949
Total Model 5 140.633289 0.9928 16.74 0.0009

UDF means degree of freedom.

2) DPPH-scavenging activity

\|, Regression DF Type I sum of squares R-square F-value P-value
r\l’ Linear 2 3.211577 0.0170 1.30 0.3302
Quadratic 2 176.704961 0.9360 71.73 <0.0001
Crossproduct 1 0.250000 0.0013 0.20 0.6660

Total Model 5 180.166538 0.9543 29.25 0.0001

3) Fe—chelating activity

Regression DF Type I sum-of-squares R=square F-value P-value
Linear 2 0.951930 0.0036 0.20 0.8233
Quadratic 2 243.874623 0.9326 51.23 <0.0001
Crossproduct 1 0.002500 0.0000 0.00 0.9750
Total Model 5 244.829053 0.9363 20.57 0.0005
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Table 37.

Response surface model for processing conditions of“enzymatic hydrolysates from spotted shrimp
by Neutrase

Response Quadratic polynomial model

TCA(%) Y, = - 56.2536 +16.7749X; + 0.8844Xs - 1.3156X;” - 0.0093X5”

DPPH-scavenging
activity(%)

Y, == 58.5768 +19.9835X; + 0.7056Xs + 1.5984X;” - 0.0068X.”

Fe-chelating activity(%) Yg = - 64.4173 +22.6968X; — 1.8807X:% - 0.007612Xy>




TCA

Fig. 10. Relationship between reaction pH and temperature on degree
of hydrolysis of enzymatic hydrolysates from spotted shrimp
by Neutrase.
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DPPH
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(A) DPPH-scavenging activity

204
Fe =

-30 g ;‘{;;I?A
5

-40

a0

pH 4 B0

Temp
(B) Fe-chelating activity

Fig. 11. Relationship between reaction pH and temperature on
antioxidative activities of enzymatic hydrolysates from

spotted shrimp by Neutrase.
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Table 38. Optimal conditions for preparation of enzymatic hydrolysates

from spotted shrimp by Neutrase

Dependent Independent  Critical value  Predicted Stationary
variables variables Coded Uncoded  value point
X4 0.095 6.2
Y (TCA,%) 15.7 Maximum
Xz -0.129 447
Yo(DPPH- i X4 0.030 6.1
A . .scavengmg 153 Maximum
activity, %) Xo -0.069  446.0
Ys(Fe-chelati X 0.020 6.0
. e. C 't g 19.3 Maximum
activity, %) X -0.126  44.8
Average of Y1, Y3 X1 0.048 6.1 o B
and Y3, Xs -0.108 45.2

Xy, pH ; Xs, enzyme tréatment temperature, C
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Table 39. Experimental and predicted results for preparation of
enzymatic hydrolysates from spotted shrimp by

Neutrase
Dependent-variables Predicted value “Experimental value
Yi(TCA, %) 15.7 16.1
Yo(DPPH-scavenging activity,%) 18.3 17.4
Y3(Fe=chelating activity;%) 19.3 18.8

Optimal conditions “pH+6.1, enzyme treatment temperature-45.2C
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Boile-type ®F-g Al-+-3Fe] A|Z+= Maillard reactions ©]-&3te F4H=E 9]
F718 &5 stuel FFsF== A8l #ste] amino acid 9o F
cysteine + HCI®} methionineE, sugar® glucose, xylose ribose, sucroseE
RbEAFARE stk S Axxzde doE 100THA 243 1
AR,

3.1.1 Amino acid®l & &4

Cysteine - HCI¢} methionine®] w®k&HF-Ao] w& HAsHALe] A=
Fig. 12¢} Table 40%} T} ¥F3-H G4 model system2] T4 54
Al ARE AHEY cysteine - HClE #3371 763702 ofF AslA W
© ™, methioninex & AAFH7} 672 =4 UE T Cysteine - HCl=

Maillard reaction & Strecker &3floll &3l A mercapto 3} &S A 4dsHH

]

o]

rr

b2 Q) O 2 meat flavort 22 FS e ZAOZ Hiuxo 9
© ™, methionine= Streckeri3loll 234 methionale] AA3IY o]= &+
< AAY okAFAES At o= FHA A tH(Tressl, 1989; Ko,

1997, Kimé& Baek, 2003). ¥F3-A 1A S 29 &

2 PP A3E AW EE, cysteine - HCI 7% #3871 447,
St 0l A5 HF7F 4.7, methionineS 42 A3 7F 3.0%, 82 &

FEFS F= ALFE A7to] Hoi, boiled-typeo] W3S 9]¢ amino acid

HF-S-A G4 2 methionineS 18] 3193t}
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3.1.2 Sugar2| &=

6ErE Sl glucose, 5B xylose$} ribose, ©]@F < sucrose HHE AT
A Aee] v WS HAA AF}E Fig. 1337 Table 413 vl Model
systemol X FHA AT AHE AHEW methionines glucose}
HESA RS 745 233, xylose 3.14, ribose 3.67, sucrose= 357 o= 1}
guton, RtEHTAE TheEded WA S BedAke] A9
+ methionineS glucose$t ¥HEAIF S 75 557, xylose= 6.03, ribose
+ 633 sucrosex 76702 UEIWT ESE riboseo| HI3F sucrose’} F
AAQ &k 3 E £2 3O = UEI boiled-type M-5-3S 9IS sugar
o] #h-g HFA Z sucroses A H AT

WEE-EF Az fdolA pHO 2 AIREE Fagh adlojth whEIF
pH AZx Z1& X317 AslA 100CeA pH(pH 5.0, 6.0, 7.0, 8.0)E =
S At on], W FE pH £ oA FHY wkAIZF 2
A& 2] 9Aste] 1A18E,. 241%Y, 327k A Be A4S Hlalst AT

pHel we e HAke] Ads Fig. 149} Table 42} #t}. Boiled-type
A$-gFe] FEZQA B HAE AHEYE pH 5904 1.74, pH 614 2.04,
pH 7914 5673, pH 814 70822 ety 423 pHY #et T4 2
ofgZe] A FRAYD AT ARV A Aol B E
& pH7} WS 4E e, I FHeob 22 o]FH7F Bol AU
ol pHel wet WA FA S| FAdste T AAEES Aold 73}

Ao 2 pH+ Maillard reactrion®} flavor Aol F83 9 3o

rr

Mattram & Whitfield(1994)= meat like Maillard systemoﬂ A pH wzt Ay
AR A4 gho) gebAE, 24 pHOl Wsl F4 pHolN Fstie
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7 pyrazine o] AT Aoz HuFAUT B AT 2, pHIF T4
o)A (pH 7.0)o] AL &z o (pH 8.0) THA < HsAH7E FURL,
53] pH 8.0 3}8#(chemical flavor)9} Z2 ©o]FH 7} oFsk Ao 2 e}
U boiled-type M3 93 pH =12 8.0°] 7HF Adsk Aoz A7
o] zlth

shrimp flavor7} 57138t =Hly ol Koy et al.(1997)°] HES-A] 4]
5 ANED FAol F7tstH ol 2MEA FAFL pyrazineF A H

AR ARS HIATE A7dse wFelE w, 1id F2 JE

pyrazined g% #do] S ASE AAH G, wEtx FoF Ao

o
= FAARE BEE 1AIZF TR/ Be ST AY =%, boiled
shrimp?] ko] A|d Ho]l = Ao E el} boiled-type ¢S W
1A 7to] HAE Ao = AR ol
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EEEE TEH 1

g

Boild potato
g s
——

Total

Boiled vegetable —®7°b
acceptance

+6

Balance of

flavor Sulfuric pungent

Grilled shrimp Bailed shrimp

=+ 1 1 0.3 g cysteine + 0.3 g glucose + 50 mL water

—== 2 1 0.3 g methionine«+-0.3 g glucose + 50 mL water

—&- 3 :0.15 g cysteine + 0.15-g methionine +_0:3 g glucose + 50 mL water

-®- 4 ! 0.3 g cysteine +.0.3:g glucose + 50 'mL shrimp- enzyme hydrolysates

-+— 5 1 0.3 g methionine + 0:3-g glucose + 50 ml shrimp enzyme hydrolysates

—+— 6 : 0.15 g cysteine + 0.15 g methionine + 0.3 g glucose + 50 mL shrimp
enzyme hydrolysates

Fig. 12. Quantitative descriptive analysis profiles of boiled-type
shrimp reaction flavor affected by cysteine'HCl or
methionine.



Table 40. Sensory results of boiled-type shrimp reaction flavor
affected by cysteine-HCI] or methionine

Model system

Category
1Y 2 3 4 5 6

Total preference Ok "% AI IRy e 67 5.8"
Boiled potato L2 6.7 2.4° RS, 3.0° 2.1°
Boiled vegetable 1.0° K} 2.0 I 0N 1.8°
Sulfuric pungent 7.6" 2.1¢ e RN 3.7°
Boiled shrimp ar 3.4° 1.3 4.6 5.9 5.8
Grilled shrimp 1.2° IR T" 1.2¢ " | 10O 5.9%

Balance of' flavor 2.0° 5.6% 2.4¢ 4.9 6.8% 5.87

1 0.3 g cysteine + 0.3 g glucose + 50 mL water

: 0.3 g methionine + 0.3 g glucose +| 50 mL water

: 0.15 g cysteine +_0.15 g methionine + 0.3 g glucose + 50 mL water

: 0.3 g cysteine + 0.3"g glucose + 50 mlL shrimp enzyme hydrolysates

: 0.3 g methionine ++0.3 g glucose + 50 mL.shrimp enzyme hydrolysates

: 0.15 g cysteine + 0.15.g methionine + 0.37g glucose + 50 mL shrimp
enzyme hydrolysates

? The different letters are significantly different at the p<0.05 level of significance
as determined by Duncan's multiple range test.

D

O O = W DN~
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Boild e

gpo_t_a'to T 2
__‘__ 3
Tatal Boiled
acceptance vegetahle 4
a _.E|._5
- 7
Balance of Sulfuric —&—3
flawar acid
Fishy Boiled
=mell shrimp
Grilled
shrimp
@1 : 0.3 g.methionine + 0.3 g glucose + 50 mL water
=2 0.3 g methionine + 0.3 g xylose + 50 mL water
--4- 3 1 (0.3 g methionine. + 0.3 g ribose + 50 mL water
—#—4 . 0.3 g methionine -+ 0.3.g sucrose + 50 mL water
-2 -5 0.3 g methionine + 0.3 g glucose + 50 mL shrimp enzyme hydrolysates
—4— 6 : 0.3 g methionine + 0.3 g xylose + 50 mL-shrimp enzyme hydrolysates
—=— 7 : 0.3 g methionine + 0.3 g ribose + 50 mL shrimp enzyme hydrolysates
—a—8 © 0.3 g methionine + 0.3 g sucrose + 50 mL shrimp enzyme hydrolysates

Fig. 13. Quantitative descriptive analysis profiles of boiled-type
shrimp reaction flavor affected by sugars.
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Table 41. Sensory results of boiled-type shrimp reaction flavor
affected by sugars

Model system

Category m

1 2 3 4 5 6 7 8
Total preference 2.3 3.1°¢ 3.6>¢ 35° 55 6.0 6.3° 7.6°
Boiled potato 53% 58 6.0 6.0° 1.9° 1.6 2.4 1.6°

Boiled vegetable 3.8 4.6° = 4.8 4.6 “1.6° 1.5 1.6 1.5°
Sulfuric pungent ISRF 20267 8™ Mg ~19° 13* 1.3°

Boiled shrimp .9 1.9 1.9° 1.9 55'  51* 55 7.0°
Grilled shrimp 1.6° 41 8521 O S ", 5.0° 58% 6.4 7.6°
Fishy smell 1.4 AR5 o, T2 32 21t | 2.8° 2.4°

Balance of flavor 3.0° 4.0 38® 43® 54* 59%  6.0" 74"

+ 0.3 g glucose + 50 mL water

2 1 0.3 g methionine + 0.3 g xylose + 50 mL water

: 0.3 g methionine +-.0.3 g ribose + 50 mlL water

: 0.3 g methionine + 0.3 g sucrose + 50 mL water

: 0.3 g methionine ++0.3.g glucose + 50 mL shrimp~enzyme hydrolysates
g + g
g + g

Y1:03 g methionine

- 0.3 g methionine 0.3 g xylose + 50 mL_shrimp énzyme hydrolysates

- 0.3 g methionine 0:3..g ribose + 50 mL shrimp enzyme hydrolysates

8 : 0.3 g methionine + 0.3 g stcrose + 50 ml-shrimp enzyme hydrolysates

YThe different letters are significantly different at the p<0.05 level of significance
as determined by Duncan's multiple range test.

~N O O &~ W
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Total Boiled @ pH B
acceptance vegetable —&—pH 7

~B-pH 3
Balance of Sulfuric
flavar acid
S0y sauce Boiled
flaror shrimp

Chemical Grilled

Flawvar shrimp

Fishy
srmell

Fig. 14. Quantitative ~descriptive analysis profiles of boiled-type
shrimp reaction flavor affected by reaction pH.
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Table 42. Sensory results of boiled-type shrimp reaction flavor
affected by reaction pH

Category pH 5 pH6 pH7 pHS8
Total preference Ry s 5.6% 7.0°
Boiled potato 1.4° 2,28 2.8° 2.3
Boiled vegetable 1.78 1.7¢ W@ 1.7%
Sulfuric pungent 3icE - o ) 2.0°
Boiled shrimp 2.1° 2.8 5.1° 6.4"
Grilled shrimp 2.3" 3.2 6.1° 7.4°
Fishy smell 3.6° 3.9° 2.6% 2.1%
Chemical flavor 29k 3.8% 3.6% 3.0°
Soy sauce flavor 6.9 5.0 2:4° 2.9"
Balance of flavor ° 208" 5.6" 6.7°

UThe different letters are significantly different at the p<0.05 level of significance
as determined by Duncan's multiple range test.
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Baoild —&- 1hr

9 T - Dy
Total Boiled

acceptance vegetable —&— Ehr

Balance of Sulfuric
flawor acid

Sovsauce Boiled
flawvor shirimp

Chemical Grilled
Flawaor shrimp

Fishy
smell

Fig. 15. Quantitative descriptive -analysis profiles of boiled-type
shrimp reaction flavor affected by reaction time.
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Table 43. Sensory results of boiled-type shrimp reaction flavor
affected by reaction time

Category lhr 2hr 3hr
Total preference 6.8°Y 6.8° 5.97
Boiled potato W 29% 4.4
Boiled vegetable 2.5° 2.9° 3.3°
Sulfuric /pungent 3.9° 3.4% 2.6°
Boiled shrimp 6.6" SEeE 5.0°
Grilled shrimp 2.8% 4.6% 4.6%
Fishy smell 4 5§ 3.5% 3.4%
Chemical flavor 4.9% 3,0% 2.9°
Soy sauce flavor 3.8° 3.6% 3.9°
Balance of flavor 6.4° 6.6" 5.9°

UThe different letters are significantly different at the p<0.05 level of significance
as determined by Duncan's multiple range test.
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3.2 Grilled-type 2tS M &

Grilled-type A-%&2] Axe Fit=2 F7IHEFTS st g3t
(Kim, 2003)& A34d3t7] 13t amino acid YO =Z cysteine - HCI$}
methionineE sugar® glucose, xylose ribose, sucroses WH&HFA=Z 11
3}l Roast aroma®] T 83 £ pyrazine A4S #1814 pyrazine

el HAFA 9SSk amino alcohol® ¢! threonine(Baltes, 1990)3}

T & AFAE glucosamines 13T Glucosamines 71425 242
of Wol gt A= 719 FAHAESZE(Lee, et al, 2006) 7ol &

se BAge wegel AFL £ AeE Mol =5, aminoy|%
aldehyde”] & =EF 7}A3l Q1+ aldose amine 3}3tE = Maillard reaction
o] W&o HHFHoZ o] g Ao AT E o] ¥ HAFAZ 1A
o wheEF AxEAS JoZ 100TAA 2417 #H-EAH T

rl

3.2.1 Amino acid2| & EH

Cysteine - HCI®} methionine®] ¥H&HAF Ao w&

rJ
olr

AAbe]l Az
Fig. 129} Table 407} 2T}, Boiled-typeoll A A BlE 0] % amino acid ¥H&
AFAE grilled-typeo} A%< 93 amino acid WA TFAZ 53

A8 stA T Grilled-typed] 1A% FAER] pyrazineFA3-S A A

i)
rr

H

A Eo]F amino acid¥$! methionine¥} threonineS WHs-A]71
A3+ Fig. 167} Table 449} 2t} ¥-&H A model system®] F 34 <l

A5 A4+ 232 2 HHYH methionines 6.3%, methionine™ threonine-

AN
[€)

of,
N
N

ry

g

112 ¥FSAlZ] modeldl A+ 4.8%, threonine= 3.03d 22 JEyty, ¥k-%-
AFAE 7heEEd vsA17l FEHA AsHA A2yE AHREWA
methionine= 4.47%, methionine¥} threonine< 1:1%Z WHEA]Zl AL 594,

threonine= 51322 model systemelAet=  Abo]7F AAH. ol
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methionine®| 4] /¥ methional®] 42 & ¥ threonine® 2 <laf 44 H
pyrazineF 2] T&&o| grilleddt Aj-7-9] FE © FHEA sfFo] FHA
A #AsHFAN TAAYN dFE F AR AAHIY. WA grilled-
type A3 ¥H-ZAFAE methionine?} threonines amino acid¥ o=

LELEIE

3.2.2 Sugar2| &#

6ErE Sl glucose, 5B xylose$} ribose, ©]@F < sucrose HHE AT
A Aeo] i WS AA-ZAAE Fig. 179 Table 459 #th. Model
systemo| A FHZQN AW A4S FHE Y methionine?} threonines
glucose®} WHSAIZlS 4% 347F, xylose, ribosex= 397, sucrosex= 4.67
o2 eyt BSATAE s g3 BSAI TFA 0 ds AR
Z 3= methionine?} threonineS glucoseet RE-SAI 7S % 6.04, xylose
+ 763, ribosex= 6.7 sucrosex 8.0FCSE UEIWSL; Fig. 18, 199
Table 46, 477} o] glucosamine®} $H7A| HF-E-A]Zl 7390 = 'sucroseol ¥
3l xylose7} Whg-&Fe] F2Ql A7t =ok grilled type A-¢-&F= ¢
& sugar®] ®HE AFARE xyloseS AEetiirk A AeHojx vhg-d
Al methionine, threonine, xylose$} glucosamines WHSAIZl #5HAF 2
I+ Fig. 18, 199} Table 46, 473 2t} 7l =2 SH2Q Hs A
o] A3E X methionine, threonine, glucosamine$} xyloseg EF W3-
AFAZ o]&stds W THHQA BsHTF7E 710 = 7P £skon,
grilled shrimp flavor®d HA| 637 o= 718 Zst Ao = Yeiytt. wet
A grilled-type A--3S 913 WESHAFAZE methionine, threonine,

glucosamine ¥} xyloseX & 3} §{th.
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3.2.3pH =A &%

Grilled-type®] ¥4 pH AZ Z71< AA87] 9314 100CA pH
(5.0, 6.0, 7.0, 8.0)EZ 2/ AP FPegon, HH pH 27 3
SAIZE 1AZE, 2A)%E, BAIZEOl A #

X
L.

X
o

fo
H
BN
Y
filo
0k
.
s
QE
2
r]I

S HAFE BlaL

pHel W& #3574 ZI+= Fig. 207} Table 483 2t} Grilled-type
Ao F32Q A5 AAE pH 5914 244, pH 6914 327, pH 79
A 673, pH 891X 76822 Yely Aol pHA wet T4 3 ofdzt
g 23 wEt e FHEQ BT A7 AAZ AolE HAH
T3 pH7F &= 3183 (chemical flavor)7F Bo] A4 = ¢] boiled-type
A FA8 AES BAY Baltes(1990)= G714 gEYolrt
pyrazine, pyridines® %<& N-heterocyclic compounds %8S S7HA7]=
Ao Histi glo] A7 239 88 =22 Ta3 AEaArt 3l
=< ¢ F Utk WA grilled-type A$-FS 913 pH =S 8.0°] 7f
Z A Ao Z Aztm o A,

Aol W& 5 AAS] A= Fig. 217} Table 499 2t} Grilled-type
Ao FRHHA B A WS 1AM 714, 2413914 837, 3

Z o2 Yehgon 88 (chemical flavor)® ®H3AIZF 1, 2, 3
At W A2 2474, 153, 3938 2= UEY grilled-type A2 A%
HhE AlZEE 224]3Fe] - Ao w AYzhE ol
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e 1 :
—=2
+3 :

4

--.--5 N

-6

Boild

potato —=—
9
—r 3
Total Boiled

acceptance o wvegetable —*—4
-—e-F
—E— 6

Balance of
flavor

 Sulfuric
acid

Boiled
shrimp

Grilled
shrimp

0.3 g methionine + 0.3.g glucose + 50 mL water

0.15 g methionine.+ 0.15 g threonine + 0.3 g glucose + 50 mL water
0.3 g threonine *-0.3 g glucose + 50 mL water

0.3 g methionine: +:0.3*g glucose + 50 ml. shrimp enzyme hydrolysates
0.15 g methionine-+ .15 g threonine +.0.3 g glucose + 50 mL shrimp
enzyme hydrolysatse

0.3 g threonine + 0.3 g glucose + 50 mL shrimp enzyme hydrolysates

Fig. 16. Quantitative descriptive analysis profiles of grilled-type

shrimp reaction flavor affected by threonine.
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Table 44. Sensory results of grilled-type shrimp reaction flavor
affected by threonine

Model system

Category
1V 2 3 4 5 6

Total preference 6.3°? 48"  3.0° 4.4° 5.9° 5.1
Boiled potato 6.4° 5.0° 1.6 2.4° 2.3 2.1
Boiled vegetable 218 Rl | 1.6% 1.92 1.9% 2.1%
Sulfuric pungent 14° 1.1° 1.3 CA ¥ 2.0° 247
Boiled shrimp L@ 1.0° g O 5.1 Dt 5.0°
Grilled shrimp 2.6 - 1.0° 6.6 6.9 6.6
Fishy smell l.6° 1.9° 1.5 2.9 W29 43
Balance of flavor o, W 4 of s’ 5.12 64 5.17

D1 : 0.3 g methionine +0.3 g glucose +50 mL water

2 1 0.15 g methionine +0.15 g threonine '+ 0.3 g glucose +50 mL water

3 : 0.3 g threonine +0.3 g-glucose + 50 mlL watér

4 : 0.3 g methionine +0.3-g glucose + 50 mL shrimp_enzyme hydrolysates

5 :0.15 g methionine +0.15 g threonine +0.3-g glucose + 50 mL shrimp enzyme
hydrolysates

6 : 0.3 g threonine +0.3 g glucose + 50 mlL shrimp enzyme hydrolysates

The different letters are significantly different at the p<0.05 level of significance

as determined by Duncan's multiple range test.
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potato |
9 T e
Total Boiled ke 3
acceptance 6 vegetable A
,-':F .Q-;i'-""::g Y
LA I ™, ——
..".IFJ o] G
i '/
Balance of _J l ¥ . . Sulfuric T
flavor ,,:.“:--...‘U A . | i i
e ﬁnﬂ_ ﬁgﬂ" £l _u\
y \
T
% .-J. i
: By
; S
'S s Boiled
L :
smell et shrimp
Grilled
shrimp

1 : 0.15 g 'methionine + 0.15 g threonine + 0.3 g glucose + 50 mL water

2 1 0.15 g methionine. + 0.15 g threonine + 0.3 g xylose + 50'mL water

3 : 0.15 g methionine +-0.15 g threonine + 0.3 g ribese + 50 mL water

4 : 0.15 g methionine + 0.15 g threonine + 0.3_g sucrose-+ 50 mL water

5 1 0.15 g methionine_+ 0.15 g threonine + 0.3 g glucese + 50 mL shrimp

enzyme hydrolysates

-2—6 : 0.15 g methionine + 0.15 g threonine + 0.3 g xylose + 50 mL shrimp
enzyme hydrolysates

-7 1 0.15 g methionine + 0.15 g threonine + 0.3 g ribose + 50 mL shrimp
enzyme hydrolysates

~+-8 . 0.15 g methionine + 0.15 g threonine + 0.3 g sucrose + 50 mL shrimp

enzyme hydrolysates

Fig. 17. Quantitative descriptive analysis profiles of grilled—-type
shrimp reaction flavor affected by sugars.
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Table 45. Sensory results of grilled-type shrimp reaction flavor

affected by sugars

Model system

Category
1 2 3 4 5 6 7 8
Total preference 3.4 3.9 39 469 6.0™ 76° 67 8.0°
Boiled potato 3.7 39" 47 63 30> 37° 39> 37
Boiled vegetable 3.6% 4.3% 4.1* 5.0% 3.1% 3.7% 3.6% 3.3%
Sulfuric pungent 2.9° 3% 7 2.7° Bl 2.3° 3.1° 2.9° 2.4%
Boiled shrimp 2.0°  1.9° [2.3° 2.7° 54, N59° 57° 7.3
Grilled shrimp L7484 D S 6% 59" ¢\ 71 770
Fishy smell 1.0 NI 1 PR B 3 47| =20 2.9%°  2.1°%°
Balance of flavor. 3.9 4.4° 4.3 4.6° 6.3% o, Of 6.9% 7.6%
Y1:0.15 g methionine + 0.15 g threonine + 0.3 g glucose + 50 ml water
2 1 0.15 g methionine +-0.15 g threonine + 0.3 g xylose + 50 ml water
3 1 0.15 g methionine + 0.15 g threonine + 0.3 g ribose’+ 50 mlL water
4 : 0.15 g methionine + 0:15 g threonine + 0.3-g_sucrese +.-50 mL water
5 1 0.15 g methionine +.0.15 g threonine + 0.3 g glucose + 50 mL shrimp
enzyme hydrolysates
6 : 0.15 g methionine + 0.15 g threonine + 0.3 g xylose + 50 mlL shrimp enzyme
hydrolysates
7 © 0.15 g methionine + 0.15 g threonine + 0.3 g ribose + 50 mlL shrimp enzyme
hydrolysates
8 1 0.15 g methionine + 0.15 g threonine + 0.3 g sucrose + 50 mL shrimp

enzyme hydrolysates
YThe different letters are significantly different at the p<0.05 level of significance
as determined by Duncan's multiple range test
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potato

3 T T2
2 k-3
Total B oiled
acceptance 1 vegetable —=—
+ 5
_JE.,._ 6
Balance of Sulfuric
flawor acid

Buoiled
smell shrimp

Grilled
shrirmp

: 0.15 g methionine + 0.15.g threonine +.0.3-g sucrose + 50 mL water

© 0.3 g glucosamine-+ 0.3"g sucrose + 50 mlL water

© 0.1 g methionine + 0.1 g-threonine + 0.1-g glucosamine + 0.3 g sucrose
+ 50 mL water

—=—4 : 0.15 g methionine + 0.15 g threonine + 0.3 g sucrose + 50 mlL shrimp

enzyme hydrolysates

—=b ! 0.3 g glucosamine + 0.3 g sucrose + 50 mL shrimp enzyme hydrolysates

——6 ! 0.1 g methionine + 0.1 g threonine + 0.1 g glucosamine + 0.3 g sucrose

+ 50 mL shrimp enzyme hydrolysates

o
W o

i

Fig. 18. Quantitative descriptive analysis profiles of grilled-type

shrimp reaction flavor affected by glucosamine and
sucrose.
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patato ——
9 g
+ 2
Total Boiled .
s s
acceptance wvegetable
_:K_ 5
o .O_ i 6
Balance of Sulfuric
flavor acid

Grilled
shrimp

—*—1 : 0.15 g methioninég + 0.15 g threonine + 0.3 g xXylose + 50 mL water

——2 1 0.3 g glucosamine + 0.3 g xylose + 50 mlL water

——3 . 0.1 g methionine.+ 0.1=g threonine =+ 0.1 g glucosamine + 0.3 g xyloset
50 mL water

@ 4 : 0.15 g methionine + 0.15 g threonine + 0.3 g xylose + 50 mL shrimp
enzyme hydrolysates

—#—5 ! 0.3 g glucosamine + 0.3 g xylose + 50 mlL shrimp enzyme hydrolysates

-6 ¢ 0.1 g methionine + 0.1 g threonine + 0.1 g glucosamine + 0.3 g xylose +
50 mL shrimp enzyme hydrolysates

Fig. 19. Quantitative descriptive analysis profiles of grilled-type
shrimp reaction flavor affected by glucosamine and xylose.
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Table 46. Sensory results of grilled-type shrimp reaction flavor
affected by glucosamine and sucrose

Model system

Category
1Y 2 3 4 5 6

Total preference 3.8 14° 28™ 52¢  52* 52°
Boiled potato 5.1 13> 4.6 2.1 19" 1.7
Boiled vegetable 3.6 5" o 17 4 20> 17 17
Sulfuric pungent A W 1O ™ M@, 2.3 26°
Boiled shrimp 2.0 iy g T% 5.7 W ke 53°
Grilled shrimp g i 2031 6.1 \ =g  6.6°
Fishy smell 2.4% 1.93 2.4% 3.4% 2.8? 3.7%
Balance of| flavor e 1.8¢ B V5.3 wdi9T  5.4°

Y1 : 0.15 g methionine + 0.15 g:threonine + 0.3 g sucrose + 50 mlL water

2 0.3 g glucosamine +_0.3 g sucrose + 50 mlL water

3 : 0.1 g methionine ++-0.1 g threonine + 0.1 g glucosamine +-0.3 g sucrose +
50 mL water

4 : 0.15 g methionine + "0.15 ‘g threonine + 0.3 g sucrose + 50 mL shrimp
enzyme hydrolysates

51 0.3 g glucosamine + 0.3 g sucrose + 50 mL shrimp enzyme hydrolysates

6 : 0.1 g methionine + 0.1 g threonine + 0.1 g glucosamine + 0.3 g sucrose +
50 mL shrimp enzyme hydrolysates

YThe different letters are significantly different at the p<0.05 level of significance as

determined by Duncan's multiple range test.
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Table 47. Sensory results of grilled-type shrimp reaction flavor
affected by glucosamine and xylose

Model system

Category
1Y 2 3 4 5 6

Total preference 3.9 3.3 44" 61" 63"  7.1°
Boiled potato 5.1 23" 4.2®  36® 29 29
Boiled vegetable 4.0° 2.4% 3.9° 2:9° 2.3° 2.1°
Sulfuric pungent 2.4 1.3% 3.0° 2.3% 2.1% 2.4%
Boiled shrimp 2.00 _ou8 Wao R 577 LBXN  59°
Grilled shrimp 2.8° 28 T Th.4° 4 V61t\ 6.3
Fishy smell P 2.1% 2.6% 2.6° 2.6° 2.47
Balance of flavor L IFG Y 86.0° | 5 [ 6.3°

1:015 g methionine -+ 0.15 g threonine + 0.3 g xylose + 50 mL water

2 1 0.3 g glucosamine +-0.3 g xylose + 50 mL water

3 ¢ 0.1 g methionine + /0.1 g threonine + 0.1 g glucosamine +°0.3 g xylose+ 50
mL water

4 : 0.15 g methionine +-0.15 g threonine + 0.3 g xylose + 50 mL shrimp
enzyme hydrolysates

51 0.3 g glucosamine + 0.3 g xylose + 50 mL shrimp enzyme hydrolysates

6 : 0.1 g methionine + 0.1 g threonine + 0.1 g glucosamine + 0.3 g xylose + 50
mlL shrimp enzyme hydrolysates

YThe different letters are significantly different at the p<0.05 level of significance

as determined by Duncan's multiple range test.
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__.__
potato pH &
9 T _E_
Total Boiled pi
acceptance wvegetable —&—pH 7
X pH 8
Balance of Sulfuric
flavor acld
Sov saluce Eoiled
flasar shrimp
Chemical
Flawaor shrimp
Fishy
smell

Fig. 20. Quantitative desecriptive analysis profiles of grilled-type
shrimp reaction flavor affected by reaction pH.
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Table 48. Sensory results of grilled-type shrimp reaction flavor

affected by reaction pH

Category pH 5 pH 6 pH 7 pH 8
Total preference 2.4V 3.2 6.7° 7.6°
Boiled potato L9} 1 4" 2.1° 1.9
Boiled vegetable 1.-3% 182 i 1.6°
Sulfuric pungent 2.7% 2.2% 1% 1.47
Boiled shrimp 2.4 3.7° 5.9 5.8
Grilled shrimp 2.6° 4.7° 6.9° 7.6"
Fishy smell 2.9% 2.8% 2.1° 2.0°
Chemical, flavor L 6.0" 2.6 2.2
Soy sauce flavor 5.8° 5.0 5.8° 2.9
Balance of flaver 2-3° 2.9 679" 7.2°

YThe different letters are significantly different at the p<0.05 level of significance
as determined by Duncan's multiple range-test.
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—= 1hr

potato -

Total Boiled
acceptance vegetable =@ 3 hr

Balance of Sulfuric
flavar acid

Soy sauce Boiled
flawor shrimp

Chemical Grilled

Flavwar shrimp

Fishy
smell

Fig. 21. Quantitative descriptive analysis profiles of grilled-type
shrimp reaction flavor affected by reaction time.
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Table 49. Sensory results of grilled-type shrimp reaction flavor
affected by reaction time

Category lhr 2hr 3hr
Total preference 7.12V 8.3° 5.6°
Boiled potato 4T D’ 1.4°
Boiled vegetable 1.8° ¥ 35 1.3°
Sulfuric /pungent 24 3.0° 2.4°
Grilled shrimp 6.0™ 7.0° 4.8
Fishy smell 1.8% 1.4% 1.5%
Chemical flavor 2.4® [.5° 3.9°
Soy sauce flavor 3.8° 4.5% 3.8°
Balance of. flavor 6.8 78 5.5"

YThe different letters-are “significantly different-at'the p<0.05 level of significance
as determined by Duncan's multiple range test.
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0l

9]

M <

0o

Fled d=2 o

4. Bl
4.1 Boiled-type BtS M

Boiled-type W& Aj-9-3F¢] pH¥ IOFLO|A] A A= reaction flavor A
Zo) 3+ A (IOFI Guidelines, 1994)°] 2] A3} pH 8.0% HA F==
371 s pH 752 A8 S A3k

N9 7t EolA e TAE 3EA A Fig 229 Table 50
I o} Aldehyde#+ acetaldehyde, 2-methylpropanal, 3-methylbutanal,
2-methylbutanal, 2-nonenal 5% °] 2|5 %11, alcoholi++ ethanol, ketone
FE acetoneo] T HATH 7tERY FdEL FE HAL7t Astgk o
FU 2grtsEdA Asel Hed W, 159, 25 55 UAT W,
ethanal, propanal, butanal 3 pentanal®}. 4=+ Z &
o, A2 AF4tsl A2 984 aldehyde¥ ©}Uz} ketone, alcohol 5
o I HES BAsks o2 44 AT (Kim, 1995).

pH 50014 ¥k&HFAE Bl ¥gAIZ] =Al¢ ZlEEsiEold Ee
SAY A AELS Fig. 233 Table 513 2. AldehydeHF&
acetaldehyde, = 2-methylpropanal, ' 3-methylbutanal, -~ 2-methylbutanal,
methional, 2-pentyl-2-nonenal 6 9] 2| =1t Methional> methionine
o] strecker 3ol s HAHH AR &S AAFHAY oFAFHE A}
= ASZ IHA UTH(Tressl, 1989; Ko, 1997). Alcoholi++= ethanol,
Isopropylalcohol 27, ketonef+ acetoneo] &= ATt SulfideR =
dimethyldisulfide, dimethyltrisulfide 2F°] &% A =H ©]= methionine
I 2o oo 2 e AAEHE AoE YA olHERE WHdY
(Kim, 1995). Dimethyldisufilde= Z oA <&3f, &7, A} EA)3t= 3

WO gEROIG AFA 2% A/ A AAY FFAS F g3, F

2L
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of EA)3t= LGOS E meat flavorel| FH7FA] grilled chicken®S W™
BAF/, FF, UE &2 Fo| AME-ET Furanf+ 2-hydroxymethyl furan
o] HAHA=H o= Aol 7y, W FY HFo =AM HrHEE
ollFZ MY F& e AR deAd A AHEd, #d, 719, HH 9

B o Z A8-Et(Artificial flavor, 1994).
‘:F_

i—"/
Ll

pH 75914 wk3-x Fa JHSAI FAL ThEEslE el e
49 I AT Fig. 24, Table 529} Zth  Aldehydef+
2-methylpropanal, 3-methylbutanal, 2-methylbutanal, 2-nonenal 4=0] H
2] & A, alcohol#+— ethanol, ketone ¥+ acetone,
3,5-dimethyl-4-octanone 2F %}, sulfide™= dimethyl disulfide, dimethyl
trisulfide 2% o] &85 Aot Furan$ 2 2,3-dihydrofuran©|: 2] = =T
A O Z furan SFEL SFT FS U= A= <42 Jt(Manley,
1999). N-containing compound?! pyrazine+ 2,5-dimethylpyrazine,
trimetylpyrazine 2&°| &&=t} 2,5-dimethylpyrazine= ZdoA B3
SOl &5t 2FA3S e, dried shrimp &S U= Ao z2% d# A
Ao, trimetylpyrazine2> 1 AoA o=, A, HF Foll A= 3
WPRoR 7 A -2FEAe] FE WM grilled shrimp &S W= A&

Z d#HA UAth(Artificial flavor, 1994; Choi, 1987).
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Fig. 22. Total ion chromatogram of wveolatiles from spotted shrimp
hydrolysates.
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Abundance

Retention time (min)

Fig. 23. Total ion" chromatogram _ of ~wolatiles from boiled-type
shrimp reaction-flavor processed-at pH 5.0.
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Fig. 24. Total ion: chromatogram of volatiles from boiled-type
shrimp flavor processed at pH 7.5.
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Table 50. Composition of volatiles from spotted shrimp hydrolysates

Peak Ratio of

1) 2)
Compound RT RI area(10°) peak area(%)

Aldehydes (5)

acetaldehyde 3.264 <600 0.532 0.096
2—-methylpropanal 5.239 <600 1.849 0.333
3-methylbutanal 8.722 647 4.115 0.742
2-methylbutanal 9:292 658 4.642 0.837
2-nonenal 25.45 1060 1.383 0.249

Alcohols (1)
ethanol 3.926 <600 3.446 0.621

Ketones (1)

acetone 4.194 <600 2.896 0.522
Others (8)

trimethylamine 4.479 <600 58.278 10.508
2-methylpentane 5.628 <600 3.337 0.602
3-methylpentane 6.048 <600 5.499 0.991
hexane 6.537 600 400.076 72.135
methylcyclopentane 7.733 626 18.157 3.274
cyclohexane 9.502 662 6.728 1.213
toluene 15.088 771 1.706 0.308
octanal 22.97 996 8.955 1.615

PRT means retention time.

PRI means retention index.
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Table 51. Composition of volatiles from boiled-type shrimp reaction
flavor processed at pH 5.0

D 2) Peak Ratio of
Compound RT RI area(10%) peak area(%)

Aldehydes (6)

acetaldehyde <600 3.264 2.435 1.037
2-methylpropanal <600 5.219 12.182 5.190
3-methylbutanal 646 8.663 40.165 17.111
2-methylbutanal 657 9.253 19.984 8.513
fgfs)thégﬂfop;;pa“al 839 19.742~ 1.142 0.486
2-pentyl-2-Nonenal 1779 47.996 0:251 0.107
Alcohols (2)

ethanol <600 3.919 5589 2.189
isopropylalcohol <600 4451 9.320 3.970
Ketones (1)

acetone <600 4.2 3.062 1.300
Sulfides (2)

dimethyldisulfide 744 13.763 2.565 1.093
dimethyltrisulfide 971 22.156 4.197 1.788
Furans (1)

2-hydroxymethylfuran 870 18.911 3.193 1.360
Others (5)

methylene chloride <600 4.707 0.718 0.306
acetic cid, ethenyl ester <600 5.944 0.449 0.191
hexane 600 6.542 45.455 19.365
octanal 996 22.971 51.352 21.877
1-iodo-tetradecane 1804 48.493 0.144 0.061

PRT means retention time.

PRI means retention index.
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Table 52. Composition of volatiles from boiled-type shrimp reaction
flavor processed at pH 7.5

D 2) Peak Ratio of
Compound RT RI area(10%) peak area(%)

Aldehydes (4)

2—-methylpropanal 5.232 <600 1.813 0.778
3-methyl butanal 8.718 647 3.905 1.677
2-methyl butanal 9.309 658 4.202 1.804
2-nonenal 25.447 1060 2.004 0.860
Alcohols (1)

ethanol 3.923 <600 4.227 1.815
Ketones (2)

acetone 4.189 <600 3.405 1.462
3,5-dimethyl-4-octanone 48.506 1804 0.050 0.021
Sulfides (2)

dimethyldisulfide 13.758 744 14.934 6.413
dimethyl risulfide 22.156 971 3.683 1.582
Furans (1)

2,3-dihydrofuran 50.408 1894 0.072 0.031
Pyrazines (2)

2,5-dimethylpyrazine 20.773 926 2.900 1.245
trimethylpyrazine 23.712 1016 2.934 1.260
Others (4)

trimethylamine 4.416 <600 128.713 55.273
hexane 6.544 6.544 21.494 9.230
2,4-dimethylheptane 17.566  17.566 0.935 0.402
octanal 22.968  22.968 9.667 4.151

PRT means retention time.

PRI means retention index.
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4.2 Grilled-type Bt M

00

Grilled-type ¥Hg A% pH+ IOFLA| A A A3l reaction flavor A
Zo) 3+ A (IOFI Guidelines, 1994)°] 2] A3} pH 8.0% HA F==
3171 98- pH 752 A¥ S 3Py h

pH 50014 ¥FEATAE Y1 w3AZ] EAS 7R EANA 2
49 e AHES Fig. 259 Table 537 Zth  Aldehydefe
acetaldehyde, 2-methyl-2-propenal, isobutanal, 2-methylbutanal,
3-methylbutanal, 2-methylbutanal, methional 6%, alcoholi++ ethanol,
2-propanol 2%, sulfidef+= dimethyldisulfide, “dimethyltrisulfide 2% ©]
w2 = Ak

pH 75914, vk3AFA & i 9hgAIZL A TR Ell A £
49 3EAd APELS . Fig. 267 Table 5491 2t Aldehydefe
acetaldehyde, 2-methylpropanal, 3-methylbutanal, 2-methylbutanal, 4% ©]
w2 5 3L, aleohol+=  ethanol, isopropyl alcohol 2%, ketonef+
acetone,  1-hydroxy-2-propanone | 2%, = furanft=  3-methylfuran,
2-hydroxymethylfurean . 2%&°] F& 53t} - Sulfide =+  dimethyl
disulfide7} =AM, - pyrazinesF ==  pyrazine, methylpyrazine,
2,3-dimethylpyrazine, 2,5-dimethylpyrazine, 2-ethyl-5metylpyrazine
trimethlypyrazine, tetramethylpyrazine 7%°] &2]% th. Pyrazine®+
grilled typee] AM$FolH m2d o WAl 2ad ATS s,
pyrazine HAoA A T FAAHEoE HuEE FHE UHH A
flavorell A Al&-o] Ht}h Methylpyrazine= oAl o=, ti¥, =

T, A9 Y FAPAHEFCZ EASHH grilleddt chicken, 2F3 &S U

alfe

g, oto]2==a ", HA}, 22, FEAF| AME-ET 2,3-Dimetylpyrazines=

Aol A i, A¥ Fo EAEY 2Zdoly AHF T Je 1HH

o



(FFHE AHgo]l #Hth 2,5-Dimethylpyrazinex A A BF 5o EAS
H Z2FYEFS WY dried shrimpdFs Ulv ZAoZE d#A glon,
Trimetylpyrazine& A AoNA ol2=, 7y, #FF T EAsts TR
o2 F& AR, 2FAY FS W grilled shrimp &S e AS=Z &
HA o™, tetrapyrazine> I, wBF, FAY T ESA5HH
trimethylpyrazine® A &S W th(Artificial flavor, 1994; Choi, 1987).
Sulfide 9t pyrazinef+= S HA= A3 &S Uell™ o3 3
2 FabE 1f9] HlPFH(fishy flavor)9t &3 3 (off-flavor)E w27 31
grilled-type®] M-S AL o= A Zbe|ojxict
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Fig. 25. Total ion-. chromatogram = of wolatiles™ from grilled-type
shrimp reaction flavor processed at pH 5.0.
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Fig. 26. Total ion . -chromatogram of volatiles from grilled-type
shrimp-reaction flavor processed at pH 7.5.
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Table 53. Composition of volatiles from grilled-type shrimp reaction
flavor processed at pH 5.0

D 2) Peak Ratio of
Compound RT RI area(10°)  peak area(%)

Aldehydes (6)

acetaldehyde 3.266 <600 10.200 1.546
isobutanal 5.212 <600 101.272 15.346
2-methylpropenal 5.586 <600 0.349 0.053
3-methyl-butanal 8.665 646 182.332 27.628
2-methyl-Butanal 9. 28% B 654 153.301 23.229
methional 19.740 893 1.545 0.234
Alcohols (2)

ethanol 3.924 p<600 4.722 0.716
2-propanol 446 K600 4.958 0.751
Ketone (2)

acetone 4.165) <600 39.543 5.992
2,3-butanedione 5.937 <600 3.707 0.562
Sulfides (2)

dimethyldisulfide 13.758 744 37.234 5.642
dimethyltrisulfide 22.156 971 4.831 0.732
Furan (2)

3-methylfuran 6.668. 601 4.539 0.688
2-hydroxymethylfuran 18.909 870 3.100 0.470
Others (7)

methylene chloride 4,711 <600 0.991 0.150
trimethylamine 5.017 <600 0.950 0.144
hexane 6.554 600 20.419 3.094
furfural 17.691 834 6.525 0.989
3-methylbutanoic acid 19.117 876 0.960 0.145
2-methylbutanoic acid 19.449 885 0.624 0.095
octanal 22.97 1003 44.309 6.714

YRT means retention time.

PRI means retention index.
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Table 54. Composition of volatiles from grilled-type shrimp reaction
flavor processed at pH 7.5

Peak Ratio of

D 2)
Compound RT RI area(10°) peak area(%)

Aldehydes (4)

acetaldehyde 3.262 <600 1.096 0.102
2-methylpropanal 5.228 <600 6.885 0.642
3-methylbutanal 8.688 646 15.074 1.405
2-methylbutanal 9.261 657 14.556 1.356
Alcohols (2)

ethanol Blo 2 <600 3.902 0.364
isopropylalcohol 4.444 <600 oL & 0.476
Ketones (2)

acetone 4.173 |+ <600 11.289 1.052
1-hydroxy-2-propanone 9.661 664 0.973 0.091
Sulfides (1)

dimethyldisulfide 13.762 744 1.387 0.129
Pyrazine (7)

pyrazine 14.143 752 8.468 0.789
methylpyrazine 17.89 925 #1801 1.072
2,5-dimethylpyrazine RO. 154y L2 23.708 2.209
2,3—dimethylpyrazine 22.967 996 3.664 0.341
2—ethyl-5—-methylpyrazine 23.686 1015 1.934 0.180
trimethylpyrazine 25.492 1061 16.516 1.539
tetramethylpyrazine 27.472 1107 1.721 0.160
Others (11)

trimethylamine 4.518 <600  22.573 2.103
methylene chloride 4.697 <600 4.055 0.378
acetic acid, methyl ester 4.867 <600 1.402 0.131
2-methylpentane 5.630 <600 5.597 0.522
2-methylpentane 6.057 <600 10.727 0.999
hexane 6.601 600  767.087 71.472
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Peak Ratio of

Compound RT" RIY area(10°) peak area(%)
cyclopentane 7.731 626 58.788 5.477
cyclohexane 9.494 661 22.552 2.101
heptane 11.911 700 0.929 0.087
2,4-dimethylheptane 17.566 831 0.670 0.062
octanal 23.546 1012 12.543 1.169
5-(2-methylpropyl)-nonane 27.171 1101 1.168 0.109
2,3,6,7-Tetramethyloctane 1107 27.472 0.813 0.076

;RT means retention time.
RI means retention index.
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4.3 =2 A2d d=22 d44I1H
4.3.1 Sulfide®2 M4 I

33l gt= <2 methinonine™ cysteine> Maillard reaction®l] <& ®h-&-
Aol & 3 FES WAHSERE roast FS W=d Ao T3 AFA|

o
|
st} Fig. 272 A3 wH3AFAE 4838 methionined] ®¥H3-7

e
flo

Zo]t}. Methionine Streckeri#3l ¥H-g-ol 9] &l methional®} -2 strecker
aldehydeE A3t 7A& 37t 21&o] =W methylmercaptans A /3 3}
o] dimetylsulfide®} dimethyldisulfide®} Z-2 344 EAo HAFA7 €
Th(Baltes, 1990). RI&ATAE BA &S A7 HESY 47 sulfideR

F 28 AH4HA ZE W methionined] HHEAFA S ¥

N
=
olo

A1Z1 A

U
oot

T A= methional, dimethyldisulfide, dimethyltrisulfide”} 2] &4
=4, °]= methionine®] Strecker 3l HFS-o 2l3] AAH EZA Ao
= A

75 of 211,

4.3.2 Pyrazine=2l dd JI%R
Pyrazine®2] 4§ HL-&ZH=Z+= Fig. 287 T Reductones 3}3HE<1

dicarbonyl a-aminoacid ¢k 5§ #1383} a-hydroxyketones 34 3}="tl

=

o] = alkylpyrazines A3t TS ot £ a-hydroxyketone ¢
o] 73l a-aminoketone FEHIZE EA|35IH a-aminoketone 247t A
3t alkylpyrazines A/d3}l7]% $tt}h. Dicarbonyl< ammonia &) 3}l
a-aminoketones  AJAJ3stH  FEAS]  g-aminoketone ¢, B35t
pyrazines & /d3HtH(Ho, 1996).

Pyrazine’§d 2 serine? threonine® #-2 hydroxyamino acidZHFH ¥
Aote AoRE delA e, B Aol AeEd w854 threonine

o] ¥ AEE Fig. 299+ #th Threonine @84 G4RE-g-o] 93
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1-amino-2-propanoneE A8t o] o] A (dimerization)E &5k
2,5-dimethylpyrazine-< Az Hh-3- SHAAES
1-hydroxy-2-propanone¥}  2-hydroxypopanol= ammonia®} HH-g-3}
2-aminopropanoneZ} 1-amino-2-propanone & A A 5 ol &
self-combination®l] &J3ll 2,5-dimethylpyrazine@} cross-combination®l| <3
2,6-dimethylprazine2- A4 gkt (Fig. 28-1). w3 S E
1-hydroxy-2-propanone<> formaldehyde®} ®h-33}o 3-amino-2-butaneone
S A3 °]= 1-amino-2-propanone®} ®HE3IS] trimethylpyrazineS
A A3k (Fig  28-2)(Shu,  1999). Boiled-type ~HH-  Aj%-3Fo]  H] 3
grilled-type ¥h-& AI-$-3F oA pyrazine 3Tl Bol 8 FHHA=
o, A4 $AHEE FFlE W, 9S4 threonined A HIZH Zo

2 QzE oA,

H
Te Aoz 4#A e, pHo wE RESHE<= Fig. 303 T} ofv}
= gEE0 #ill= pHoll wet g kS E2E A, o] WEA
2o 93] M2 ssk=tEcl 4o vk pHZF 5olste] AL W=
furfural, furans©] Aol H® pHYL 7014 ™ &= pyrazine, oxazoles &

o] 3 Aol A4 ¥t (Nagodawithana, 1994).
pH 5.0 7%, boiled-typeollX] pyrazine2 AAHHA Ao
2-hydroxymethylfuran©] 2] FH=HJAe™, pH 75, boiled-typel
pyrazine?‘:'r 2,5-dimehtylpyrazine, trimethylpyrazine 253 A 9
2-dihydrofuran®] &2 A=A pH 5.0, grilled-typedll A pyrazine
AAREA ke m, 3-methylfuran, 2-fyrnamethanol 2F°] &8 T
t}. pH 75, grilled-typedl A& furanf7} AMAAE A ko, pyrazine,

methylpyrazine, 2,5-dimetylpyrazine, 2,3-dimetylpyrazine, 2-ethyl-5-
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methylpyrazine, trimetylpyrazine, tetramethylpyrazine 7&°] &8 &%=
RAed ol pH o] e w-gHR o Apolo] o3t o AyZtE oy
o},
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CH3-S-(CH2)5—NH>

1-C02

CH3-5-CHZ2-CHZ2-CH-CONHz

|
NHz

Methionine

Il-Strecker degradation

CH3SCH2CH2CHO

Methional

{l -CHz=CH-CHO

CH3SH

Methyl mercaptan

0, 4} + CH3SH

H»0 CH3-S-S-CHs

Fig. 27. Strecker degradation products identified in methionine/

reducing sugar model system(Baltes, 1990).

- 122 -



R1
H .0 o NH,

v & LR,
'C\\ ’rC_OH O'H O/ =
H O 0
Dicarbonyl a-Amino acid l'coz
R]-CH=N\
Rz\ /NHJ R: ‘c-NH ”'Rz
CH ., 7V " RI-CH=O*—— HO-C-R;
¥ C. H,0
Ry ™0 R, OH
a-Aminoketone a-Hydroxyketone
@ H O HO, NH, 58
)\ Y Yy
L e .CGH,
H O H (O H,N/ %
Dicarbonyl a-Aminoketone l
H
= N
= | -3H,O HO OH
< T X
N HO H

L-Z

Fig. 28. Possible mechanism for the Strecker degradation of
acids(Ho, 1996).
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(2)
\H/\OH ) (llez

o O

l Aldol condensation

OH OH ")
0. OH 0 Y

ThrlSTR

NH,

N
w Y
= oh

Fig. 29. Mechanism proposed for the formation of pyrazines from
threonine(Shu, 1999).
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MBAILLARD RENTION SCHENEK
Reducing Bugar + Amino Acid

N-GLYCOSYLANINE OR N=-FRUCTOEYLAMINED

1-ANTNO-1-DEOXY-2 aD-FR 4 E OR I-AMI =-aD-GLUCOPYRANORE
T (OR BEYNS) COMPOUADS
pH<S pH>7 )
3, 4~DIDEOXY METHYL-a-2,3 DICARBONYL FRAGMENTATION
GLYCOSULOS-3-ENE INTERMEDIATES PRODUCTS-
(DICARBONYLS) (DICARBONYLS)
GLYCERALDEEYDE
PYRUVALDEHYDE
DIACEYYL
DERYDRATION xzxn GLYCEROL, ato.
1 H  amDfoR \ STRECKER
CYCLIZATION DEGRADATION
.| roRroRar
&
HNF |
ALDERYDEA -
Hy8+NH, $ACETALDEEYDE
FURANS + 1 2 3
PYRONES a~ANINOXETONES
THIOPHENES
COMDENSATION (C) CONDENSATION/
CYCLIBATION (CY) OTHER REACTIOMS
TEIOYOLES (1,2)
THIAZOLIKES (1,2)
PYRAZINES (C) PYRIDINES (2,3)
PYRROLES ' (CY) THIOPHEWES (1}
PYRROLINES {C) OXAZOLES (2)
PYRROLIDINES (C) OXASOLINES (2}
OXASOLES {CY) INIDAZOLES (2.,3)
OXAEOLINEE (CY) TRITHIANRS (1)
DITHTASINES {1,2)
TRITHIOLANES (1)
1 AMTNO COMPOUNDE
ALDOLS AND M-
» FREE POLYMER
+AMTHO +AMIND
COMPOUNDS COMFOUNDE
»| ALDINIMNES AND
KETANINES
]
HNELARNOIDINS ’-‘*

Fig. 30. Possible pathways for formation of volatiles through the
Maillard reaction by different pH condition(Nagodawithana,

1994).
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5. B¢tS M= NSzt

Boiled-type % grilled-type W& A}-+%5 pure type % seasoning type
Z}zto] A gulehul(Table 9, 10)o] we} A xste] ZTE o AFFHZ
AFsATt. EZHEHY seasoning typed] 7d-¢, pure types WA X}
of RLFHE AP § F8AES Fuidaste] AxX32 R seasoning type
< BeolA A skt
5.1 22 (Powder-type) MZ2 2t ot

ks
& M-+ boiled-type ¥hg AH-P-3FS] pure type® ¥ FAF ZF}+= Fig.
31, Table 55%} &t} FTFZAQ #HsHT ZFE BH  boiled-typedt

grilled-type°ll '91e] ol e AFHS el Al 3to ™ boiled shrimp

flo
N,

AF0x, E51x, $20xst AFsA o, grilled-type BF

K

%2 boiled-type®l A, grilled shrimp %2 grilled-typedl A 717t =2 &
SHTE Uskth ol Ao AT SA BA Fo] & FHHE Ae=w
Azte oA, E2dx W mWE B FoH Aol= [l A=

LERS T

5.2 Hat(Extract-type) MZ2 2ts HOt
oH 2 AF FE3 AxIFP o™, boiled-type2] WH- Af-¢-EF3}

o

3 xﬂ

e

=4

| el

grilled-typeo] Hh-& A|-9-3F<] seasoning type@} pure typeo] #IFHAL 2
I+=  Fig. 32, Table 563 #Th F&ZQ #sdT 2AHE HW pure
typeol HI3] seasoning type®] #FTHF AU} FhOHW O]l= taste
enhancero] A HIZ® ZH|7} #sol SHAHQ] FFE Aom AH
ok XS pure type¥} seasoning typecl “F¥#§le] boiled shrimp &2
boiled-typeol| A, grilled shrimp 32 grilled-typeoll Al Z}7t &2 #H5HF
£ o

- 127 -



9 7 e
+ 3

. _E. s
Total Grilled #
acceptance shrimp *#—E
...G._. 6

Fishy

Sweet flavor
smell

Taste like
sungnyung

—=— 1. Spray.drying of boiled=type shrimp reaction flavor
= 2. Vacuum drying of boiled-type shrimp reaction flavor
—=— 3. Freezing 'drying of boiled—-type shrimp reaction-flavor
--er- 4. Spray drying. of grilled=type shrimp reaction flavor
—#— 5., Vacuum drying ‘of grilled-type shrimp ‘reaction flavor
=@ 6, Freezing drying of grilled—type shrimp reaction flavor

Fig. 31. Quantitative descriptive analysis profiles of boiled-type
and grilled-type shrimp reaction flavor by different drying
methods.
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Table 55. Sensory results of  Dboiled-type and grilled-
type shrimp reaction flavor by different drying
methods.

Category 1 2 3 4 5 6

Total preference A7 512 5.0 5.8% 6.1° 5.6%
Boiled shrimp 5.4° 5 4.9° 3.20 ks 3.3¢
Grilled shrimp 2 4055 W% 6.6° 6.6° 7.0°
Fishy smell 5.5 4.6% 4.0° 2.6% 2k 3.0°
Taste like sungnyung | 3.5 3.3°__3.2° 6.0 56" 6.3
Sweet flavor 1.9¢ 1.9% 2.1% 2.9 Bu6i 3.5°

Do, Spray drying of boiled-type shrimp reaction flavor
2. Vacuum drying of boiled-type.shrimp reaction flavor

Q1 &=~ W

. Freezing drying of beiled—-type shrimp reaction flaver
. Spray drying of. grilled=type shrimp reaction flavor
. Vacuum drying of “grilled-type-shrimp reaction flavor

6. Freezing drying of grilled—type shrimp reaction flavor
YThe different superscript letters within the-same row for the average values mean
significantly different at the p<0.05 level
Duncan's multiple range test.
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of significance as determined by



Boild
shrimp w2
+ 3
__E__ d
Total Grilled
acceptance shirimp
Sweet flavor Bl
smell

Taste like
sUNgnyuUng

—=*— 1. Pure type.of boiled-shrimp reaction flavor
—--m-- 2 Pure type of grilled shrimp reaction flavor
—=— 3. Seasoning type of boiled shrimp reaction flavor
--=- 4. Seasoning type of grilled“shrimp-reaction flavor

Fig 32. Quantitative descriptive analysis profiles of pure type and
seasoning type shrimp reaction flavor.
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Table 56. Sensory results of pure type and seasoning type shrimp
reaction flavor

Category 1Y 2 3 4

Total preference 3532 5.0° 4.8° 5.3°
Boiled shrimp 4.8 gat 5:4° 4.0"
Grilled shrimp 3.1° 5.9 Wy 6.2°
Fishy smell 4.9? ] - 5.2% 3.1°
Taste like sungnyung 2.6" 4.9? 3.3 5.6%
Sweet flavor B 3.2° 3.2° 3.9°

Y 1. Pure type of boiled ‘shrimp reaction flavor

2. Pure type of grilled shrimp reaction flavor

3. Seasoning type of boiled shrimp reaction flavor

4. Seasoning“type of grilled shrimp reaction flavor
YThe different superseript letters within the same ‘row for the average values
mean significantly different-at the p<0.05 level of significance as determined by
Duncan's multiple range test.
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WS AT A o RhS S LA SATE A, vHE A3k AE3tE 8
BEA A - AAFE O E AS-E = boiled-type2] WHE A9 24 .
20§02 AHEHE erilled-typed] WS AMSFS Austaat stk

1. =A5-9 524 ZheEs H4 =2de 7871 fst] A A

2kt & T &S (dependent variable) 2 A5t REGEHEARHOE 4

Al A3 Alcalases ©] &3 7Hrwsle H3 AxX1S pH 93, &4
2] &% 65.2C, Flavourzyme< pH 4.1, 545C, Protamax+= pH 6.6, &4
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Alcalase”} Hdl 3AksteEls YERAL HHRte  DPPH-scavenging
activity 24.9%,Fe-chelating activity 26.7% th.

Fe W grilled typed] Whe A& A=3sH3ATh Boiled-type Whe Al
3 AXE f3] FFHA 2FHE ¥y e R WA A= methionine,
sucroseE AESIH oW HESA R X2 pH 7.5 ¥HEAIT 1At E A
stttk Grilled-type ¥ M- AzxE s HsHA A 27E vt

2 ¥ A= mehtionine, threonine, glucosamine, xyloseE &3} %S

W g AlZ 2AE pH 75, WSAIRE 2Alzte 2 AAsiich

»
N

H2H o AN AZFHZ boiled-type BES- A}-$-3F} grilled-type HF
& A&l lof iAWl EFFHE maskingstal Al-$ i1fe] FR|AE
JeAAE A2 B AEE A RS sulfideR <} pyrazinef <]

AEAAEES AT Ay ZAS Jhe sl Bl Al _sulfide 9F pyrazine 7t

filo
an}
Ho

N

e H A E %t Boiled-type ¥E3- Aj§-7Foll A dimetyl disulfide, dimethyl
trisulfide 2% % 2,5-dimethyl pyrazine, 2,3-dimehtyl pyrazine 2%&°| ¥
H Ao grilled-type ®BF& Af-FFol A dimethyl disulfide 153} pyrazine,
methyl  pyrazine, 2,5-dimethyl pyrazine, 2,3-dimethyl pyrazine,
2-ethyl-5-methyl pyrazine, trimethyl pyrazine, tetramethyl pyrazine 7% ©]
w2 = At

4. Boiled-type¥} grilled-type Wr-g- A-¢-F= vl EHlol] we}t & typed}t =
1 typel 2 UFRAI AFY Aoz e REEH Y ALFHE AxSA
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