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Development of Reaction Flavors with Enzymatic

Hydrolysate of Krill and Its Application to Teriyaki Sauce

Kyoung Myo Kim

Department of Food Science and Technology, Graduate School,

Pukyong National University

A st Baic &

Reaction flavors have been tried by using. krill hydrolysate and
precursors and Teriyaki sauce has been developed with the reaction
flavors. Also, the survey for applying krill to Teriyaki| sauce has
been tried by using' krill instead of eel bones. Therefore, the
objectives of this. study .are to optimize krill hydrolysis by using
Alcalase of raw krill, cooked krill, krill meat and krill by-product, to
develop reaction flavor by using amino and sugar precursors with
krill hydrolysate and to investigate four kinds of Teriyaki sauce on
krill preference through a sensory test.

To optimize krill hydrolysis on such dependent variables as
TCA(for measuring degree of hydrolysis(DH)), Brix, ApH, total phenol
content, DPPH-scavenging, and Fe-chelating activities by using
Alcalase, independent variables of hydrolysis pH and temperature
were investigated. Their formulas and their graphs of three dimensions
were obtained by using SAS and Maple softwares, respectively.

For DH optimization of hydrolysates from raw krill, cooked Kkrill,

- viii -



krill meat, and krill by-product, their results were pH 9.1 and
63-66C hydrolysis temperature for the maximum DH. For Brix
optimization of hydrolysates from krill meat and krill by-product,
their maximum results are shown in pH 8.5 and 64.2C. For
DPPH-antioxidative optimization of hydrolysates from krill meat and
krill by-product, their maximum results was obtained in the
hydrolysis condition of pH 9.3 and64-67C. For Fe-chelating
optimization of hydrolysates from krill meat and krill by-product,
their maximum results are in the condition—of pH 9.2-9.3 and
60-65T.

To make reaction flavors of boiled=type and grilled-type, krill
hydrolysate was used with serine, glucose and glucosamine. In the
dynamic analysis' of headspace volatile compounds, sulfur—containing
volatile compounds, pyrazines and furans were isolated, separated
and identified. Boiled-type..one had more sulfur—-containing volatile
compounds, and. grilled—type had |more pyrazines and furans which
are know to be closely related with roast and tasty flavors.

We investigated flavor qualities by making four kinds of Teriyaki
sauces from eel bone, crab peel, shrimp peel and krill. According to
the result of the preference analysis on professors and teachers,
the preference for health/nutrition showed a significant difference.
Also, the result of the preference analysis on Teriyaki sauce
ingredients among the culinary students showed a significant
difference in awareness and health/nutrition. In addition, the result

of the preference analysis on Teriyaki sauce ingredients among



college students showed a significant difference in the order of
taste, awareness, price, and health/nutrition.

As the mindset that one of the main ingredients of Teriyaki sauce
is eel bone, the sauce made by crab peel is highly preferred.
Therefore, the sauce added with krill reaction flavor is considered
to be possibly developed. For a sensory test, lower preference of
krill is lack of understanding on krill. However, higher abundance of
population, higher nutrition and lower production cost of krill make
better use in the aspect of economic power. Thus, lately, the
studies on using krill as food have been focussed from wvarious
countries of the world. Later, it is need to apply reaction flavors of
krill and the developed: Teriyaki sauce to commercial products.

Finally, three kinds of Teriyaki sauces such as addition of reaction
flavor, krill and eel bone were tested by sensory evaluation. There
were significant differences. in terms of boiled -and roasted shrimp
and sweet flavors. The best preference was _ one of adding reaction
flavor. The following-order-is Teriyaki sauces of eel bone and krill,
showing no significant difference. To develop Teriyaki sauce, the
optimum mixing ratio of reaction flavor and development of other
reaction flavors are needed. To understand the detail formation
mechanism of volatile compounds which are related with better

flavors, further studies are required.
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Table 1. Gas chromatography analysis condition of fatty acid

Items Conditions
Gas chromatography Thermo Finnigan Trace GC (U.S.A)
Ferries silica capillary Column
Column
(AT-1, 007-CW-30-0.25F)
Column temperature 100 C (5 C/min)-200 C (3 C/min)-240C
Injector temperature 200TC
Detector temperature s
250°C
(FID)
Carrier gas N>
Gas/ pressure 65 PSI

_10_



Table 2. Coded level of

independent variables

in experimental

design
Independent Code units
Enzyme .
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

_11_



6g Chopped spotted krill

)
Addition of water 40ml and homogenization

U

Autolytic enzyme inactivation (10min at 957)

U

pH adjustment

)

Addition of Alcalase 40u0 with weak activity

U

Hydrolysis . for 30min

)

Enzyme inactivity (10min at 957)

J

Centrifuging(4,000rpm;, 40 min)

Fig. 1. Flow sheet for the preparation of enzyme hydrolysates of

spotted krill.
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(2006)o.2 =A3Far DPPHel didkedtitslayt 542 Guerard
(2007)2] el Fstof A3S g3l th. Fe-chelatingS 42 Raghavan

T4 5837F HES-A 71 3528 NaHCO;3 0.75mlS
H7rete] shdelM 90%Rt RS ARG == 725nmellA S8kl

2 F% 0.01~0.1mM9] ferulic acid(Sigma)E E+% O

ol
10mgs 50ml methanol &9¢] o] ARE3t}: Control Al&E+ 3ml
supernatant®} 0.15ml DPPH MeOHE A}&3Fa2  blanke= 3ml
MeOH:Water (1.5:1 or 1.8:1.2mD+0.15 ml MeOHE A}&3}%lth Al&
O 3m] supernant + 0.150 ml DPPHMeOHZE A}&3}9itt, BE A

2E Al-foll 2 9% P33 30minEe ALol A WeA it 4=
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£ 519 mmel A SR FAS AR okl Hom Aussth

. ABlank_(ASample_AControl)
% Inhibition = X 100
ABlank

o

T4 Fe” & o]&3% chelating activity®] =742 Ferrozine 2k A}
e EAMS ol&stlth. & AR 2.5mldll 12.5ml¢] MeOHE 713t
< 442 (2,000rpm/20min) ko] dF NS ARESTE Control A&+
3mle] A=do 0.1mle FeCl2} 0.2mle] EFF= AFE3}$ a1, sample
Algs 3mle] AZ ] 0.1mle] FeClo9F 0.2mle] ferrozines AME-3}S]
1L, blank+ 3mle] MeOHo| 0.1ml® FeClo®t 0.2ml9 gerrozined AF&
3t RE AlgE Al-foil2 WS 283 307 Fob A oA ukg
AR F8ET 561nmollA AL dAkst S-S ol o AHow
Axkst i,

td

ol

; ABlank— (ASample _AControl)
% Metal chelation « = <100
ABlank

2ol 54:F 07 codedh(-1.414, -1, 0, 1, +1.414)3}aL o] &S =AgHA
A& (central composite design)< ©]-&38fe] HHEFEHEAS A A5
A& AE SAS software (Version 9.1, SAS Institute Inc., USA)E A}

g3t BAALNA A B 23 AAPIHE de & Ax oo
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3k 3399 1832 += Maple software(Version 8.0)& A}&3}3it}.

BO+ZBIX +ZBHX1 +ZZBHX X (i < ])

i=1 i i=1 j=2

U

=& o] &3 W& A=

| = AE53 L FAES o] &kl o o5 TiaE
S o] &3dl grilled-typed} boiled-typelZ o] AFstATE HA
Table 304 AEF RESFAZXE flal] W T A=A grilled-typeol A

+ ribose, glucoses AHHs| 23Sl AREStal ofm| Ao =®

e

8. 4™ 7l

[e]
o

2

aly

R

FES

[e:

methionine¥} serine, glucosamines #7182 ™  boiled-typeol| A+
ribose®} methionines ARESFSTEH AHFAEN A% Table 4949 2
o] AHFI} AR AFHRAES o] &% TR Eel grilled-type
o] 4= ribose, glucose, methionine, serine, glucosamine< %7}l
boiled type®]Ai= ribose, methionines AFE-3}51 T

9. A HEEN

wrgge] 9

ot

718 ok Slstel-H A o A A5 o
< 20mle WHEEFEZ octanald} 74 200ml Al EHo)] wol 5
0C dry ovenolA 1083t 3t AES ¥ 333l Tenax tubed] 5#7F
AEAZ(VPC-10, Shimadzu, Japan)E o]&3dle] S2AFHTE. =3 g2+
Aol FzrE AT AsdE A (Automatic thermal desorber)&

o] g3t om o] uwj et AL Table 59 # Ut} Tenax tubeZ

&3

11

ATD 400(Auto thermo desorber, Perkin Elmer, USA)S ©o]-&3}¢
GC-MSD(gas chromatography & mass selective detector, QP-5050A,
Shimadzu, Japan)l 93] ®a-E48t9 7 BA%2AL Table 63 2t}
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Table 3. Recipe of reaction flavor with enzymatic hydrolysate and

precursors

Ingredient (g) Boiled Grilled

Ribose 0.30 0.15

Methionine 0.30 0.10

Glucose - 0.15

Serine - 0.10

Glucosamine - 0.10
Hydrolysate of krill meat 50.00 50.00
Total 50.60 50.60
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Table 4. Recipe of reaction flavor with enzymatic hydrolysate and

precursors
Ingredient (g) Boiled Grilled
Ribose 0.30 0.15
Methionine 0.30 0.10
Glucose - 0.15
Serine - 0.10
Glucosamine - 0.10
Krill
50.00 50.00
by-product hydrolysate
Total 50.60 50.60
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Table 5. Operating conditions of automatic thermal desorber(ATD)

Items Conditions
ATD 400 Perkin Elmer, UK
Primary tube type Tenax- TA, Triple-bed
Cold trap type Tenax-TA 20mg
Ist Desorption 350C - 4.0min
2nd Cryo temp. -30°C
2nd Desorption 350C - 1.0min
Desorb flow 50.2 ml/min
Inlet split No
Out split 11.5 ml/min

_18_



Table 6. Analytical condition of gas chromatography and mass

selective detector

Items Conditions
Gas chromatography Shimatzu 2010, Japan
Mess selective detector Shimatzu QP-2010 plus, Japan
Column AT-1: 60m x0.32mm x 1.0xm
35C - 10min
Column temperature 8 C/min=-120C -10min

12°C/min-180 €. -7min
15C/min-230C -10min

Injector temperature 230C
Detector temperature 250C
Carrier gas N»
Column: pressure 15.9 psi
Mass range 20~350 m/z
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=
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11. #5371 Uy
dlglopr) o] Az Al AECgolw AFE, QA4 32)E gkl 7t
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Table 7. Ingredients quantity used on Tasty soy sauce

Ingredients quantity Unit
Raw eel bone 100 g
Raw Crab peel 100 g

Raw shrimp peel 100 g

Raw Krill 100 g

Garlic whole 17 g
Ginger 10 g

Red pepper 1 g
Starch syrup 290 g
Soy sauce(Korea) 300 cc
Sugar 100 g

Leek 20 g
Water 200 cC

Sea tangle 5 g
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Sauce
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Crab peel Soy

Sauce Measuring

l
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l

Mixing
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Crab peel

l
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concentrated

l
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Completion

shrimp peel Soy

Sauce Measuring

l

Baking
shrimp peel

l

Mixing
Vegetable &
shrimp peel

¢

Poaching

l

glutinous starch

syrup add
concentrated

{

shrimp_ peel
Soy-Sauce

Completion

Krill peel Soy

Sauce Measuring

l

Baking
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l

Mixing
Vegetable &
Krill peel

l

Poaching

l

glutinous starch
syrup add

concentrated

l

Krill peel
Soy Sauce

Completion
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Fig. 2. Manufacturing processes for four kinds of Teriyaki sauces




12. A1A%
Ao Abgst B4 WS A H71X T2 sl Windows SPSS
12.0& o]&slglom dglo7]e] Az Moe xfo]itAlS 918l Fridman A<,

AT-sAH 543 diglop] whizel] ek ol 4= 98] MANOVA, 7t

89l EA(factor analysis)S Ao de ol

HX= FEFES AHEIAL 3934 (regression analysis)< AAISHI T

H
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1L.ade It JEE4

1.1. 289 vt E, pH 2 VBN 57
A A%3 399 guigRe B gz b 9 3R] 3k

& Table 8¢ Yed HAAY AIHL 17.48%, 53.84%, 15.66%,
10.21%°) 31 A48 4.80%, 71.84%, 5.26%, 15.09%= vt =29
9] pHE 7.5, 3WA 97184 ek eA2a oA 5.9mg/100g, A

o] bR B E 6.3mg/100g0.2 A= AN -Aoz wgo] 3

Jl, EXSHEY] dul sAA 9] 36.
A4 o] 37.98%= et RH. = I EEEFA YA Frjo] £
< WA= heterocyclic compoundsE A4t Ho CT, et al. 1989)
H % ¥} 13l heterocyclic compounds®] &%+ furan, thiophenes,
thiazoles, cyclic polysulfides, pyridines, pyrazines &©°] t}. o]eo] <

P B Q00D FAHEY AP GFTH WN FLT B oh

2} body effect®4] St ¥ 223t FFS wA= Aolgba Hagh wf

0]
PR
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Table 8. General composition of krill

Sample .
o Raw Kkrill Cooked Kkrill
Characteristics
Moisture(%) 17.48+0.08 4.80+0.11
Crude protein(%) 53.74+0.25 71.84+0.11
Crude fat(%) 15.66+0.06 5.26+0.17
Crude -ash(%) 10.21£0:09 15.09+0.13
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Table 9. Fatty acid composition of total lipid separated from raw

material fleshes

(Area %)
Fatty acids Raw krill Cooked krill
14:0 12.720 12.710
14:1 0.180 0.166
15:0 0.467 0.352
15:1 0.097 0.126
16:0 23.570 24.728
16:1 7:358 7.955
17:0 2.362 2.023
17:1 0.190 0.138
18:0 1.452 1.728
18:1n9 21:475 21.789
18:2n9 1.907 1.483
18:31n6,9,12 0.939 0.888
18:3n9,12,15 2.712 3.572
20:0 1.147 1.151
20:1 0.447 0.393
20:2 0.076 0.039
20:3 0.333 0.169
21:0 13.666 12.978
20:4 0.831 1.082
20:5 0.171 0.178
22:0 0.405 0.524
22:1 0.145 -
22:2 - -
23:0 0.351 0.290
24:0 6.972 5.531
Total 100 100
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Alcalsecl| 9|3 9] 7hiale # 4 2F 2= Table 12-159F Zt},
ATl sidete= A= 1370l = HW < (independent variables) &+
pH, temperature©]il Z<¥H 9 (dependent variable) 2+ TCA(Degree of
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Fig. 3. pH Changes ﬁ(h";!t-g tﬂr_@' yme and substitute
during é s at 66T
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Table 10. pH Changes according to the ratio of enzyme and

substitute during hydrolysis at 65T

Time (min)

0 20 40 60 80 100 120 140 160 180

Raw
9.00 8.06 794 7.76 17.72 7.68 75 746 742 7.42
krill
Cooked
il 9.00 792 7.79—7.6 758 755 752 751 75 75
i
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Table 11. pH Changes and TCA according to the ratio of

enzyme and substitute during hydrolysis at 65T

Enzyme Time (min)
TCA
con.
(%)
(%) 0 20 40 60 80 100 120 140 160 180
0 9 9 9 9 9 899 898 898 898 8.98 2.7
0.2 9 802 795 79 1786 774 769 76 742 74 29.4
0.5 9 8 795 78 772 7.62 757752 743 736 284
1 9 789 7.65 17.56 752 746 74 738 736 733 30.1
3 9 J 74" 7.55 T46% 88N M8Ew. 782 7.29- 28 .28 32.8
5 9 759 7.48 739 733 729 725 724 724 724 33.1
7 9 =53 7.ATEM73GRNNTL3 NEESEENEEE N5 722+ %722 344
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Table 12. Experimental numbers for two independent variables of
central composite rotatable design and their response in

terms of antioxidative activities on hydrolysis of raw krill

Dependent variable

Independent
variables” Degree of Antioxidative
hydrolysis(%) activities
Run (X2) (Ys)
Y Y.
no. X1) Reaction (¥3) (Y9 Chelating
Reaction (Yy) (Y2) Total DPPH o
temp. o activity
pH o DH ApH phenol activity .
(©) against Fe
(%0) (%)

%)
1 0 0 30.58+6.03 1.41 8.16+1.51 1921+0.76  18.86+0.54
2 0 0 33.76+5.89 1.40 733+ 1.48 18.51+0.74  18.82+0.82
3 0 0 29.86+8.71 1.43 5.86+ 3.35 18+2.49 18.33+0.50
4 0 0 31.20£7.27 1.42 3.93+ 1.24 18.29+4.51 = 19.19+0.45
5 0 0 29.18+7.76 1.39 6.66+ 1.17 21.76+0.23'  18.16+0.88
6 0 -1.414 17.95+1.63 0.41 5.53+ 4.00 9.60+0.87  10.84+1.23
7 0 +1.414 © ~6.53£147 0.06 1.13+.0.70 5414120  4.64 £1.31
8 -1 -1 24.56+2.84 0.93 0.86+0.28 15.9442.74  12.58+1.02
9 -1 +1 23.99+1.11 0.75 1.73£1.15 13.4842.90  15.64+0.49
10 +1 -1 21.69+2.61 0.51 1.63+1.34 12.63+£1.91  11.72+1.77
11 +1 +1 14.334+2.88 0.44 0.93+ 0.90 11.42+1.42  7.94+1.51
12 -1.414 0 25.21+1.86  0.976 1.46+ 1.05 18.21+0.96  16.24+0.76
13 +1.414 0 29.484+2.68 1.07 5.66+1.50 18.58+1.51  17.72+0.37

Y The coded levels of independent variables are the same values as

represented in Table 2.
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Table 13. Experimental numbers for two independent variables of
central composite rotatable design and their response in

terms of antioxidative activities on hydrolysis of cooked krill

Dependent variable

Independent —
. b Degree of Antioxidative
variables
hydrolysis(%) activities
Expt. (Ys)
(X1) (X2) (Ys) (Ya) .
no ) ) Chelating
Reaction Reaction Y1) (Y2) Total DPPH fivit
activi
pH temp.(C) DH ApH phenol activity . Y
©%) %) against Fe

(%)
1 0 0 30.06+0.85 1.68 21.06+6.65 25244249  24.95+0.37
2 0 0 27.4£3.14 1.65 20.74+5.22 25:81£3.04  24.09+0.39
3 0 0 28.06+0.94  1.80 20.35+7.21 . 26.79+2,71  24.63+£3.29
4 0 0 3043+3.70  1.69 19.86+7.95  25.3442.17 24.31+£1.50
5 0 0 28.46+2.02  1.63 19.44+7.88  25.3442.68§ 24.88+0.49
6 0 -1.414 12.2+0.26 0.70 18.98+6.14 11.86+1.61  11.89+1.68
7 0 +1.414 17.5+£0.52 0.80 19.5342.55 13.1142.03  13.1140.70
8 -1 -1 18.36+0.90 1.05 20.02+10.16 -19.46x1.57 16.95+1.19
9 -1 +1 25.76%2.05 1.35 20.07+7.07 23.41+0.78  22.54+1.20
10 +1 -1 20.3+1.64 1.15 19.81+£7.07 20.67+1.37  18.9540.61
11 +1 +1 14.3+1.41 0.77 19.74£8.17 12.71£1.06  12.23£1.26
12 -1.414 0 23.36+1.71 1.12 20.29+6.15 21.45+1.32  17.77+£1.92
13 +1.414 0 23.76+0.50 1.25 20.20£7.15 22.63+0.70  21.65+2.16

Y The coded levels of independent variables are the same values as

represented in Table 2.
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Table 14. Experimental numbers for two independent variables of

central composite rotatable design and their response in

terms of antioxidative activities on hydrolysis of krill meat

Dependent variable

T t iables” Antioxidative
ndependent variables Degree of hydrolysis(%) L
activities
Expt. (Ye)
) (Ys) (Y9 .
no . (X2) Chelating
Reaction ) (Y1) (Y2) (Y3) Total DPPH o
Reaction . o activity
pH . DH Brix ApH phenol activity .
temp.(C) against Fe
(%) (%)
(%)
1 0 0 30.37+0.45 8.5 1.55 3.240 23.69+0.96  21.69+0.96
2 0 0 25.92+5.96 8.2 1.55 3.240 19.04+1.73  20.54+0.38
3 0 0 30.29+2.16 8.7 1.58  3.35+0.07 " 21.04£124  20.04+2.65
4 0 0 30.1+0.14 8.2 1.56  3.35+0.07 21.1+6.64 19.1+3.81
5 0 0 31+0.42 8.5 1.54 3.3+0.14 17.9+1.69 18.4+2.40
6 0 -1.414 27.01£3.98 7.2 120  2.85£0.07 10.95+£9.69  15.95+2.62
7 0 +1.414 17.55+0.77 6.9 0.83 3.3+0.14 13.42+0 11.58+0.23
8 -1 -1 18.61%0.69 M 098 3.25+0.07 14.38+2.90  12.88+0.78
9 -1 +1 22.36+1.20 7.2 1.08  3.25+0.07 14.70+£3.61  13.20+0.07
10 +1 -1 20.45+0.55 7.1 1.07  3.25+0.07 11.64+0.96  13.64+1.85
11 +1 +1 25.62+1.18 7.2 1.33  3.35+0.07 15.47+3.85 15.47+3.85
12 -1.414 0 13.62+1.03 7.5 044  3.35+£0.07  9.52+0.48 9.524+0.93
13 +1.414 0 28.18+0.14 8 142  3.25+0.07 14.4+0.56 16.9+0.14
Y The coded levels of independent variables are the same values as

represented in Table 2.
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Table 15. Experimental numbers for two independent variables of

central composite rotatable design and their response in
terms of antioxidative activities on hydrolysis of krill

by-product

Dependent variable

Independent variables' Antioxidative
Degree of hydrolysis(%) L
activities
Expt.
no (X1) (X2) (Y4) (Y5) ¥6)
Reaction  Reaction YD) (Y2) (Y3) Total DPPH Chelati ivit
elating activi
pH temp.(C) DH Brix  ApH phenol activity ) tgF (;)y
against Fe (%
%) %) ¢

1 0 0 13.46+£0.35 8.4 1 2.83+0.15 10.61£0.03 9.71+0.41
2 0 0 13.71£1:05 8.2 1.18 2.8£0.1 10.50+0.34 9.55+0.19
3 0 0 13.54+0.59 8.2 0.98 3+0.1 10.32£0.51 9.29+0.29
4 0 0 13.43+£0.20 8.4 1.15 3.03+0.05 10.61+0.25 9.95+0.61
5 0 0 13.36£0.41 8.6 1.06 2.93+0.15 10.3£043 9.83+0.15
6 0 -1.414 . 10.15£0.30 6.3 0.82 2.66+0.05  4.98+0.82 7.05+0.18
7 0 +1.414 6.06£0.70 = 2.4 0.13-3.840.17"  3.59+0.28 3.25+0.08
8 -1 -1 7.16£0.58 4.1 026 2.23+40.15 4.12+0.42 2.66+0.41
9 -1 +1 7.88+0.87 3.6 0.37 2.53+£0.20 2.46+1.22 4.44+0.26
10 +1 -1 10.94+0.31 7.4 0.95 2.7320.30 6.22+0.37 7.34+0.61
11 +1 +1 8.224+0.19 5.2 0.54 2.33+0.11 3.80+0.27 4.44+0.21
12 -1.414 0 4.66£1.24 2.1 024 2.76+0.05 4.15+0.41 3.32+0.10
13 +1.414 0 12.93+047 7.9 1.16 3.26+0.15 7.93+0.70 9.05+0.12

D

The coded levels of independent variables are the same values as

represented in Table 2.
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Optimum hydrolysis condition for Optimum hydrolysis condition for
maximum yield: pHI11.1, 61.6C temp. maximum yield: pH8.5, 66.6C temp.
for 28.7% TCA for 29:4% TCA

Optimum hydrolysis condition for Optimum hydrolysis condition for
maximum yield: pH9.3,764.4C temp. maximum yield: pH9.3, 62.8°C temp.
for 30.0% TCA for 13.8% TCA

Fig. 5. Response surface of TCA on the variables of pH and

temperature.
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Optimum hydrolysis condition for
maximum yield: pH8.5, 64.2°C temp.
for 8.4% Brix

Fig. 6. Response surface of

temperature.

Brix
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Optimum hydrolysis condition for
maximum yield: pH9.6 , 61.8C temp.
for 8.9% Brix

on thevariables of pH and



Optimum hydrolysis condition for
maximum yield: pH9.9, 64.0C Temp.
for 18.3% DPPH

dpph
10

Optimum hydrolysis condition. for
maximum yield: pH9.0;-66 C »Temp.
for 20.7% DPPH

Fig. 7. Response surface of

and temperature.

dpph

Optimum hydrolysis condition for
maximum yield: pH7.4 , 67.5C Temp.
for 27.1% DPPH

dpph

Optimum hydrolysis condition for
maximum yield: pH9.1, 64C Temp.
for 10.4% DPPH

DPPH on the wvariables of

_39_

pH



Optimum hydrolysis condition for Optimum hydrolysis condition for
maximum yield: pH10.4, 59.8°C Temp. maximum yield: pH8.7, 65.5C Temp.
for 12.3% Fe for 24.9% Fe

Fe

Optimum hydrolysis._condition for Optimum _hydrolysis” condition for
maximum yield: pH9.2 4 64.3 C" Temp. maximum yield: pH9.3 , 62.5C Temp.
for 20.0% Fe for 9.8% Fe

Fig. 8. Response surface of Fe-chelating on the variables

pH and temperature.
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Fig. 9. Total 1don chromatogram for the volatiles compounds
separated by the combined system of dynamic headspace
nalyzer, GC ‘and MSD from reaction " flavor with krill

hydrolysate and precursors.
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Table 16. The identified headspace volatile compounds of
grilled-type reaction flavor made from enzymatic
hydrolysate of krill meat

Compound RI RT Peak alea(*106)
Acetaldehyde <600 32 2.5
Methyl alcohol <600 33 0.9
Methanethiol <600 3.4 0.4
Ethanol <600 3.8 2.2
Acetone <600 4.1 6.3
Furan <600 42 2.2
2-Butanol <600 4.4 1.9
Trimethyl amine <600 4.8 0.9
2-Methyl propanal <600 5.1 1.2
2-Methyl pentane <600 5.6 5.6
2,3-Butanedione <600 5.9 1.3
3-Methyl pentane <600 6.0 9.5
Hexane 600 6.5 7.6
Methyl cyclopentane 625 7.6 1.2
3-Methyl butanal 645 8.6 2.0
Benzene 657 9.2 1.9
Heptane 699 11.8 12.8
Dimethyl disulfide, 743 13.7 66.6
2,4-Dimethyl heptane 830 17.5 0.8
Heptanal 894 19:7 52
2,5-Dimethyl pyrazine 923 20.6 2.0
2,3-Dimethyl pyrazine 931 209 1.0
2-Ethyl hexanal 949 21.4 1.0
Cyclohexane 953 21.6 1.1
2-Methyl heptanal 956 21.6 1.4
Dimethyl trisulfide 970 22.1 54
3-Methyl-1-heptanol 972 22.2 8.1
3-Octanone 987 22.6 1.8
n-Octanal 1008 233 14
Trimethyl pyrazine, 1018 23.7 33
2-Ethyl hexanol, 1033 24.3 1.3
3-Nonanone 1080 26.2 1.0
4,6-Dimethyl dodecane 1106 27.4 0.8
3,7-Dimethyl octanal 1116 27.9 1.5
2-Butyl tetrahydrofuran 1184 31.6 3.0

_43_



Table 17. The identified headspace volatile compounds of
boiled-type reaction flavor made from enzymatic
hydrolysate of krill meat

Compound RI RT Peak alea(*106)
Acetaldehyde < 600 3.2 5.7
Methyl alcohol < 600 33 1.3
Methanethiol < 600 3.4 0.9
Ethanol < 600 3.8 4.9
2-Propenal < 600 4.0 1.0
Acetone < 600 4.1 2.5
Furan <600 4.2 4.7
Dimethyl sulfide < 600 4.4 1.7
Trimethyl amine <-600 4.7 2.0
Isobutanal < 600 Sl 2.8
2-Methyl pentane < 600 5:% 0.3
2,3-Butanedione < 600 5.9 1.0
3-Methyl pentane < 600 6 0.8
Hexane 600 6.5 1.3
2-Methyl furan 600 6.6 18.3
Methyl cyclopentane 625 7.6 1.5
3-Methyl butanal 645 8.6 4.5
2-Methyl butanal 656 9.2 2.2
1-Hydroxy-2-propanone 659 9.3 3.5
Heptane 699 118 16.6
Dimethyl disulfide 743 13.7 10.2
Pyrazine 753 14:1 1.0
2,4-Dimethyl heptane 830 17.5 0.9
4-Methyl octane 871 18.9 0.9
2,4-Dithiapentane 835 19.4 1.4
Heptanal 894 19.7 6.7
2,5-Dimethyl pyrazine 923 20.6 4.1
2-Ethyl hexanal 950 214 19.1
2,3-Dimethyl pentanal 956 21.6 4.5
Dimethyl trisulfide 971 22.1 9.2
3-Octanone 988 22.7 L.5
Octanal 1012 23.5 153.0
2,3-Dihydrofuran 1845 493 0.8
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Table 18. The identified headspace volatile compounds of
grilled-type reaction flavor made from enzymatic

hydrolysate of krill by—-product

Compound RI RT Peak area(*10°%)
Acetaldehyde <600 3.2 2.1
Methyl alcohol <600 3.3 1.0
Methanethiol <600 34 0.2
Ethanol <600 3.8 8.3
Acetone <600 4.1 6.2
Trimethyl amine <600 4.4 25.8
2-Methyl propanal <600 5.1 1.5
2-Methyl pentane <600 5.5 32
2,3-Butanedione <600 5.9 2.6
3-Methyl pentane <600 6.0 4.9
Hexane <600 6.4 43.9
3-Methyl butanal 645 8.6 52
2-Methyl butanal 656 9.2 22
Cyclohexane 660 9.4 6.7
Hexane 678 10.4 0.9
1-Heptene 691 11.2 0.8
Heptane 699 11.8 18.3
Dimethyl disulfide 743 13.7 78.1
Pyrazine 758 14.1 1.5
2,4-Dimethylheptane 830 17.5 1.0
Heptanal 837 19.7 7.2
2,5-Dimethyl pyrazine 894 20.6 5.8
2,3-Dimethyl pyrazine 922 20.9 1.4
2-Ethyl hexanal 931 214 16.8
Cyclohexane 949 21.6 1.3
2,3-Dimethylpentanal 953 21.6 1.7
Dimethyl trisulfide 956 22.1 6.9
7-Methyl-2-Decene 970 222 10.7
3-Octanone 973 22.6 2.8
Octanal 986 234 142.0
Trimethyl pyrazine 1010 23.8 8.7
2-Butyl tetrahydrofuran 1176 31.6 5.5
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Table 19. The

identified headspace

volatile

compounds of

boiled-type reaction flavor made from enzymatic
hydrolysate of krill by—-product

Compound RI RT Peak area(*10°%)
Acetaldehyde <600 32 4.6
Methyl alcohol <600 33 1.3
Methanethiol <600 3.4 0.9
Ethanol <600 3.8 5.8
Acetone <600 4.1 193
Furan <600 4.2 24
Trimethyl amine <600 4.4 29.1
2-Methyl propanal <600 5.1 4.7
2,3-Butanedione <600 5.9 6.0
2-Butanone <600 6.3 1.4
Hexane <600 6.5 58.9
2-Methyl furan 600 6.6 12.4
3-Methyl butanal 645 8.6 14.4
2-Methyl butanal 656 9.1 53
1-Hydroxy-2-propanone 658 9.3 5.3
Heptane 699 11.8 18.3
3-Hydroxy-2-butanone 711 12.3 1.1
Dimethyl disulfide 743 13.7 131.8
Pyrazine 751 14.0 4.15
2,3,3-Trimethyl hexane 830 175 0.9
4-Methyl octane 871 18.9 1.0
Heptanal 894 197 6.6
2,5-Dimethyl pyrazine 922 20.6 9.6
2,3-Dimethyl pyrazine 931 20.9 1.7
2-Ethyl hexanal 950 21.4 20.6
2-Methyl heptanal 956 21.6 4.7
Dimethyl trisulfide 971 22.1 9.0
7-Methyl-2-decene 974 22.2 12.2
3-Octanone 988 22.7 1.6
Octanal 1013 23.5 152.9
Trimethyl pyrazine 1022 239 4.1
1-Octanol 1073 259 51.6
2-Nonanone 1087 26.5 9.3
1-Undecene 1091 26.7 12.0
4-Undecene 1095 26.9 2.5
2-Butyl tetrahydrofuran 1185 31.6 6.3
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Table. 20 General characteristics of the subjects ¥

Item Contents Person Frequence
Male 8 26.6
Sex
Female 22 73.4
The twenties 7 233
The thirties 7 233
Age
The forties 10 333
The fifties 6 20
Professors in the culinary department 10 133
& teachers in-culinary education )
Students in the culinary academy
Groups . 10 333
education
Junior college students in the culinary
10 333
department
More than 1 year-less than 5 years 16 533
Cooking More than 5 years-less than 10 years 8 26.6
career More than 10 years-less than 15 years 4 13.3
more than 15 years 1 33
Graduation from a high school 2 6.6
Degree Graduation from a junior college
» 16 533
of or_in college
education Graduation from a university 4 133
or in university
More than graduate school 8 26.6

b Group 1: Junior college students in the culinary department, 2: Students in
the culinary academy education, 3: Professors in the culinary

department and teachers in culinary education

_48_



Table 21. Reliability analysis and factor analysis of Teriyaki

sauce
Article Quality Health & Nutrition
Taste 0.769 -0.076
Flavor 0.762 0.291
Shine 0.713 -0.028
Color 3y -0.086
Harmony 0.482 -0.105
Health 0.106 0.898
Nutrition -0.224 0.843
Aigen value 2.303 1.628
Variance(%) 32.896 23.256
Cumulative variance(%) 32:896 56.152
Cronbach's alpha 0.682 0.706
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Table 22. Regression analysis

Coefficient Coefficient
f f
° ° Significance
non-standardization standardization t .
probability
Standard
B
error
(Constant) 0.755 0.711 1.062 0.297
Quality 0.817 0.163 0.688 5.001 0.000
Health &
o -0.023 0.123 -0.026 -0.189 0.852
Nutrition

Adj. R?*=0.434: Dependent variable(General satisfaction of" Teriyaki sauce)
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Table 23. Satisfaction analysis of age and Teriyaki sauce

Test of .
] Multivariate test
homogeneity(Box)

Hypothesis  Error  Significance
Box ' M 54.072 Effect Value F

(df) (df) probability
Pillai'
F 0.752 1.620  1.956 32.000 92.000 0.007
trace
Wilks'
df 36 0.006 7.123 32.000 75.352 0.000
lambda
1090.21 Age Hotelling'
df; 77.941 45.060 32:000 74.000 0.000
3 trace
. Roy'
Significance 3
.. 0855 maximum 76.957 221.250 8.000 23.000 0.000
probability g
100
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Table 24. Satisfaction analysis of Teriyaki sauce with age

D

Flavor of Teriyaki sauce

Taste of Teriyaki sauce

Group Group
Age N Age N
1 2 1 2
3 10 3.30 3 10 3.00
2 10 4.00 4.00 2 10 3.90
4 6 4.00 4.00 4 6 4.00
1 5 4.40 1 5 4.20
Significance Significance
. 0.173 _0.433 - 1.000  0.493
probability, probability

b Age 1: The twenties, 2: The thirties, 3: The forties, 4: The fifties
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Table 25. Satisfaction analysis of cooking career and Teriyaki sauce

Test of L
. Multivariate test
homogeneity(Box)
Hypothesis  Error  Significance
Box' M 62.345 Effect Value F VPO & .
(db (d)  probability
Pillai'
F 0.958 1.650  2.019 32.000 92.000 0.005
trace
Wilks'
df 36 0.006 7.244 32.000 75.352 0.000
lambda
Cooking
career Hotelling'
df, 919.771 79.484  45.952 32.000 74.000 0.000
trace
- Roy'
Significance :
» 0.541 maximum 78.476 -225.618 8.000 23.000 0.000
probability i
100!
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Table 26. Satisfaction analysis of Teriyaki sauce with cooking

career(LSD) ¥

LSD
95% Confidence
Mean interval
Dependent (J) Standard Significance
. difference » Lower Upper
variable c4 error  probability
I confidence confidence
limit limit
2 ]2 BE/ .037 .05 1.39
1 =3 -.06 497 907 -1.08 .96
4 44 S04 463 =78 1.66
1 - 788 327 037 -1.39 -.05
i3 -78 529 153 -1.86 31
4 -.28 .620 .658 -1.55 .99
Harmony
1 .06 497 907 -.96 1.08
3 3 .78 529 153 -31 1.86
4 .50 724 496 -.99 1.99
1 -44 593 463 -1.66 78
4 2 28 620 658 -.99 1.55
3 -50 724 496 -1.99 99

Y cooking career 1: more than 1 year-less than 5 years,
2. more than 5 years-less than 10 years,
3: more than 10 years-less than 15 years,

4: more than 15 years; * p<0.05
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Table 27. Satisfaction analysis of groups and Teriyaki sauce

Test of o
) Multivariate test
homogeneity(Box)
Hypothesis Error  Significance
Box' M 112.609 Effect Value .
(db (dbH probability
Pillai'
F 0.885 1.500 2.877 24.000  69.000 0.000
trace
Wilks'
dfi 72 0.005 13.653  24.000  61.508 0.000
lambda
Groups _goselling
df, 2147.354 112.166 91913  24.000  59.000 0.000
trace
i Roy'
Significance .
. 0.743 maximum 111.370.320.188  8.000 23.000 0.000
probability 3
100
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Table 28. Satisfaction analysis of Teriyaki sauce with groupS(LSD)D

LSD
95% Confidence
Mean i
Dependent ) Standard Significance interval
) D 3 (J) 3 difference . Lower Upper
variable error probability
(I-7) confidence confidence
limit limit
] 2 1.07 .367 .007 32 1.83
3 27 .367 464 -48 1.03
1 -1.07 .367 .007 -1.83 -.32
Flavor 2
3 -.80 .376 .042 -1.57 -.03
3 1 =27 .367 464 -1.03 48
2 .80 376 .042 .03 1.57
{ 2 .80 .362 .035 .06 1.54
3 .20 362 585 -.54 .94
1 -.80 .362 .035 -1.54 -.06
Taste 2
3 -.60 .370 116 -1.36 .16
{ 1 -20 .362 585 -.94 .54
2 .60 .370 116 -.16 1.36
] 2 .90 .307 .007 2 1.53
3 -10 .307 747 =73 .53
. 1 -.90 .307 .007 -1.53 -27
Shine 2
3 -1.00 314 .004 -1.64 -.36
3 1 10 .307 747 -53 73
2 1.00 314 004 .36 1.64
] 2 1.05 .388 .012 25 1.84
3 45 388 261 -.35 1.24
1 -1.05 .388 .012 -1.84 -25
Health 2
3 -.60 .398 142 -1.41 21
3 1 -45 388 261 -1.24 35
2 .60 .398 142 -21 1.41

b Group 1: Junior college students in the culinary department, 2: Students in
the culinary academy education, 3: Professors in the culinary department

and teachers in culinary education
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Table 29. The result of the preference analysis on professors and

teachers in culinary education

Sensory ) Shrimp Crab Eel
. Krill X’ df p
characteristics peel peel bone

Good feel 280 210 2.50 2.60 1.560 3 0.668

Color 2.80 2.00 2.50 2.70 2.280 3 0.516
Flavor 2.50 2.70 2.00 2.80 2.280 3 0.516
Taste 1.90 2.80 2.70 2.60 3.000 3 0.392

Awareness 3.00 2.60 2.20 2.20 2.640 3 0.451

Unit cost 3.40 2.10 240 2.10 6.840 3 0.077

Nutrition 3.80 2.50 1.70 2.00 15.480 3 0.001
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Table 30. The result of preference analysis on students in

culinary academy education

Sensory shrimp  crab eel

e krill X’ df p
characteristics peel peel  bone
Good feel 3.20 2.10 2,40 2,30 4.200 3 0.241
Color 2.70 2.30 230 2.70  0.960 3 0.811
Flavor 3.00 2.80 1.90 230 4.440 3 0.218
Taste 2.60 2.50 245 245 0.091 3 0.993
Awareness 3.50 2.40 230 1.80 9.240 3 0.026
Unit 'cost 3.30 2.50 250 1.70 7.680 3 0.053
RS 10.56
Nutrition 3.50 270 1.90 1.90 . 3 0.014
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Table 31. The result of preference analysis on junior college students

Sensory ] Shrimp  Crab Eel
characteristics Kl peel peel  bone x a P

Good feel 264  3.09 2.45 1.82  5.509 3 0.138
Color 236 282 236 245  0.927 3 0.819
Flavor 236 282 255 227 1.145 3 0.766
Taste 0.043
0.004
0.000
0.001
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Table 32. The result of preference analysis on all groups

Shrim
Sensory ) Crab Eel
o Krill p X’ df p
characteristics peel  bone
peel

Good feel 287 245 245 223 4.045 3 0.257

Color 2.61 2.39 2.39 2.61 0.948 3 0.814
Flavor 2.61 2.77 2.16 2.45 3.813 3 0.282
Taste 2.58 24— 22737 2.31 2.223 3 0.527

Awareness 3.20%g 80 65~ 2.76 1.81 = 22.045 3 0.000

Unit cost 345 2455 _adl19 1.81  27.581 3 0.000

Nutrition 3.61 2.61 2.03 1.74  38.032 3 0.000
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Table 33. Sensory results of three kinds of Teriyaki sauces for
developing with reaction flavor of krill hydrolysate

Sample . .
Characteristios Eel bone Krill Reaction flavor
Cooked vegetable 1.94* 1.75° 2.38°
Cooked potato 1.75°% 1.56 2.25°
Boiled shrimp 1.94° 5.5 5.88"
Roasted shrimp 1.81° 438" 7.50"
Fish 5.06 4.80° 488"
Sulfur 1.56" 2.94° 2,63
Burnt 315" 231° 3.25°
Sweet 3.81° 5.56° 4.81°
Chemical 1.81° 1.15° 2.94°

Soy 4.31° 4.69° 4.31°
Rank 1.88" 2.63° 1.50°
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IV. & ¢F
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