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Abstract

Krill was deshelled by wusing an automatic desheller.
Krill-added sausage was manufactured by adding different
amounts of 0, 5, 10% krill fresh. Quantitative analysis of EPA
and DHA, analysis of headspace volatile compounds and
sensory evaluation of krill and krill sausage were carried out
for optimum processing of krill sausage on krill amount.

The contents of EPA and DHA were not detected in 0%
krill-added sausage(controlled experiment), 380 ppm, 310 ppm
in 5% krill-added sausage and 1000 ppm, 920 ppm in 10%
krill-added sausage. Among 21 volatile compounds, 4

aldehydes, 3 alcohols, 5 sulfur—-containing compounds, 4



terpenes, an acid and 4 others were identified. Aldehydes and
alcohols were increased with krill addition. But the terpens had
a decreasing tendency. In sensory evaluation, 10% krill
sausage received most excellent score in case of sense of
color, juicy, particle even, delicate taste degree as a result of
7 point, but it was evaluated most strong in a fishy smell. The
oily degree was highest at 5% krill sausage and fishy test, pig
smell of 0% krill sausage were more stronger than others.
Also, overall preference were 10%, 5%, 0% in order. The
optimum additions of krill was 10% in sausage.

Shelf-life of 10% krill sausage was setting according to storage
periods. The contents of EPA and DHA were 587 ppm, 529 ppm
in 5 days samples, 461 ppm, 452 ppm in 10 days samples, 436
ppm, 452 ppm in 15 days samples and 296 ppm, 257 ppm in 20
days samples. Among 23 volatile compounds, aldehydes and
terpenes were increased according storage periods. Especially,
terpenoid compounds as pinene, phellandrene and limonene
were increased greatly. The changes of pH and bacterial count
in krill sausage were increased with storage periods. The pHs
of 10% krill-added sausage were pH 6.36, 6.40, 6.41, 6.42,
6.43 for the storages of 0, 5, 10, 15, 20 days, respectively. The
results of bacterial count were 4.0 X 10°, 5.6 x 10°, 6.7 < 10°,

3.6 X 103, 9.0 x 10° for the above storages. Prediction of



shelf-life of 10% krill-added sausage was thought to be 15
days by the determining lost amounts of EPA and DHA,
changes of volatile compounds, pH value and bacterial count.

These results obtained from optimum processing of
krill-added sausage could help to make krill a wide application
for food ingredients to food industry by adding EPA, DHA,

calcium, protein source and other functional ingredients.



r

A

Krill (Eupausia superba)2 ‘dofthA o] & ot} Aol vt g
#ael S, FAAARJ] d=5oA4 9 F+4 A 29 0A
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1. 4848

1.1. &AA19 g5

AR 278 A D72 A E S HoA s,
white pepper (Macormick, U.S.A), £A1X]& F&HE (ZFEALD,
mace (FuLRGAL QIEYAlop), 217 AAA XA (2ED = 4
FAAANA FAEAT. dxANE LS FUADA AN AFRGE T of
AFA &, A, o vhg, ol Ag, FHES, AR 72
AAMAPGANA et 2AA ] A8 2 AT

Krill& #4F 97 &5l AR ) Top KrillellA BAS A
A Zgrow o]lF g3t 80TCANA B}

A kAl BA3eof] Abg¥ NaCl, NaOH, Fol3 it EEE Junsei
Chemical Co., Ltd(Japan) At A, hexane® methanol J.T. Ba
ker (U.S.A)A} Al ¥, BFst= Sigma(U.S.A) AL AlE-& AH&-3H3iTt. |
HE Ao AFEE PCA vjA| = Merk(Germany)AF2] A &S vl
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2.1. Krill9] 4utdE 4

2.1.1. &9 3

AE 1 g¥ FHst] fAA e & T 23@E A 7] (Buchi, B-339,
Swiss) 8] AE ZetA A @&}, of7]o A 10 mLA @1 23
ZolAE H7He F 7tdsie] £t do] FRs A w7z B
s ake] 2 Z A%

@
10

2.1.2. A4
AZFZA(2005) 9] HtAIEYH F AEHEZFEFHA T3l A F 3
Aot AA 5 g& 100C AZR7IANA 241 AZX3 & Fgsto]

soxhletF&7]9 FZ 3] ¥tk T vA o FFoAH=ZE ¥
FA 8L 8AIZE FE T FE0] B F FEYAA Th2ste] =
A G2 =271 BF FEH0E FAALEE &Hh ol 5
dellA Ztdste] oH 2SS &3] FEA F 100Te A7 ¥
ol 1Nt A AEA 7)1 Wdste] FFadnh A 9F5 A sk
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2.1.4. 3%

ulg) &S 73 Trhel @Al 5 g7tFS F35H hot platell A
Au|7AAA|A FEE AAg o] & 550C Y 33tz Yo WA
TE uae glio] Ao wiztA A& i s Ed F
g 48 2571 200CHEE GoiA A s Aol el A B
T Agsoh. A S EFE AT

2.1.5. 2ol

A1 g& & vlA 2700 Z2F Hea MES/TRISE <) 40 mL<
7betch. A @ —amylase 50 p LA 743t 2 4oj& ths 95T
FEANA 4087 7MLt 258 60CE F7438t protease
100 LA 7hete} 3023 7k2@th ©]& 0.561N HCIE pH
4.0~4.372 ZA3% ¥ amyloglucosidase 300 ¢L¥13 60C
del A 3027 wEkste Jh2strh. o} 7]o] 60CE ¥ 95% O
©2 225 mLA Y1 1A WA sk Aol EE Yl XA
o F7] 9 FHS Tt oldl 78% ANFHLS Eo] FAAZ A]
EAE Yo A7 A 78% NEE, 95% TS, ofAlE

o F Aot} o]F 100Ce] Hx7|edA dxsta Bys F %

gehe), e onr] AR dwAZFS Pty UeA s



2.1.6. &53E
23342005 F AHAFR Y AN AR o e} AL
HA 100 gFolA 8, 20, A%, A+ 2 329 & Hs)

o Yo7 Fo.z FHAk.

2.2. Krill®] 324 F7|4% 5%
AN g5 glE AFH 3] ZA Ho] amber scew cap bottleol &3}
o] 50C dry oven®llA] 3087t 7}23 ¥ AF& oA 117 By sty
2 AFPZ(VPC-10 , SHIMADZU, JAPAN) & o]§3to A}
7] FUHORE FHAFH A ES Y. o] RS GC/ MSel
A& Table 29} o] aR. F7|HES] &
AL mass spectrum libraryS o]g€3to] zZF AR Ex=HS

library 8] 3 Bx}=k7) v) wsle] 2489 th

K
Mo
o

injection3}%

2.3. Krill &A]%] 28] Az
A 11719 v]&o wek krill §F& 0, 5, 10%E F7}38F3L white
pepper, white total spice, parsley chop, legal mixed, mace,

garlic chop, onion chop, celery, leek, nutmeg, 2%, 2% 2 &

A8 E Table 19 27433 o] 713l A X ek AHEE AHA L7 = 7l
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Table 1. Recipe of krill-added sausage

[tem Unit Quantity
pork meat g 2,400
pork fat g -4
white pepper g 20
white total spice g 30
parsley chop g 30
legal mixed g 20
mace g 20
garlic chop g 100
onion chop g 200
celery g 100
leek g 100
salt g 20
sugar g 20
krill g 5%=120, 10%=240
egg each -
cubic ice each -

? The amounts were controlled by a viscosity of the mixture.
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Table 2. Analytical condition of GC/ MSD for headspace

volatile analysis

GC/ MSD

Model

Column

Oven program

Injector temp.

Split ratio

Carrier gas & flow

Mass spectrum
library

Perkin—Elmer ADT 400

HP-INNOWAX
(30meter X 0.25mm X 0.25pm )

35T (10 min) - 8 C/ min =
120TC (10 min)-12 C/min =
180T (10 min)

210TC

50:1

He & 1.0mL/min

NBS75K.L(Wiley)

_12_



2] FA AA A8 ol F 718 FA RS @A 2EklY 71A
(Robot coupe R502, France)® gt &3 W x|z up
A& Roprh A 33| HUtat it o] & JAZEA 0] T2t o
2 27 15 mm, Z°] 100 mm8 A7|2 A&sto] B0 o] 44|
& 75~80THEY] &5olA oF 1283 7t9s & Wzsto ALg

=
=
st

PN

2.4. EPA 9 DHA 7%

EPA®} DHA 532 4375485531 (2005) 2 ARk R
T A B Btk AlRE 2 5 g¥ AFH 3 0.5N NaOH
/ MeOH 20 mL# 7}8to] 87324715 o83 100TA 143t
ot WHEA1Z1t}, 917]e)l BFs 10 mL& 7}k 100TelA 10%3,
hexane 5 mL& 7}3sto] 531t WA 71tk 23} NaClF& 9445 %o
hexane3 7 ¥ sttt NaClF & Aoz ojg] ¥ Ao £33 o+,
hexane® & FFolFiUEFOE &30 2 mLogE HFsich

FE5Y Ax = FIFE PR AALRY. o] Heo=
injectiond}t3l GC/FIDS] =742 Table 337 o] gt}

Flo
A

b

2.5. Krill 2A1%] 9] 344 7138 574
2.2. Krille] 344 714 543 5@ U0z A
oh.
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Table 3. Analytical condition of gas chromatography

Gas chromatography

Model Agilent technologies 6890N

Column FFAF (15meter X 0.53mm X 1.0pm)
Column flow 5.0 mL/min

Oven program 180T (1 min) -10TC / min = 230T

(2 min) - 10C /min = 240C (5 min)

Detector temp. 250TC
Injector temp. 230T
Carrier gas \P
Split rate 10:1
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2.6. pHY 57

Z+ A8E 3 g¥ AFHIY 30 mLY FHFl Wi 1083
homogenize (8510 R—DHT, Bransonic, U.S.A) 3t ¥ pH meter
(SP-701, Suntex, U.S.A)Z SHJ}.

2.7. A = 57

Aze 2AAE Gt 70Tl 7 AFstR o A Al FA
g A2olA &t EAA AFsAT Ad 7o SH2 74 AR
15 g7tES e W) FFAHo g AFst e AT
(0.85% NaCl F&H)F Yo stomacher(Bagmixer 400W,
Interscience, USA) 3t th, 108) AR o2 343t PCAd &
B3ttt o] E 351 1CelA 48A12F wi¥F F colonyTE A3
T} v®]= Table 59 A o2 ® PCA wiX & AME3IR I S/
£ 7}8t9] 1,000 mLZ 951 B#$ ¥ pH 7.0£0.28 243
t}h. o] & 121°CellA 1583 Ht sk AHgstioh

2.8. &5

FTHE g 148 S Ao doo MEvt A3 449 NRE
microwave®l 1%zt 7Fgd3te] AlFsith M) A4, Mo F=
(AZA), A A, v EA, e g vlR gk, =79 A, Y
A9 #dA, OEA, A daliME 73 F7PH0=A9 8o,
7=U5 Zsth) & ol &tk 4 AFY AsEE AN A=71
0, 3= ymth) & A AR

rd
ofr
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2.9. AA=
SASZ 2 138E AFE3ste] ANOVA test®t Ducan's multiple

range testE A A4t} 1 A3} Sigma plotS o] &3 Z42He) 1
o] error bar® YJeERY T}
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Table 4. Composition of plate count agar

Item Unit (g)
Tryptone 5.0
Yeast extract 2.5
Dextrose 1.0
Agar 15.0
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1. Krill®] A &4 43

1.1. Krill®] gug¥

Krill®] dWHE-S #4312 A= Table 58 #Z°] 100 g2 &
T35 04 g @WA 158 g, AL 5.0 g, % 758 g, &
3.0 g, AolAH 0.2 g AEHUY. o] 232 AFS A3 109
kcal/100 go] 9tk wahA, krill& Az ze o JEUAS

@ 5 Ak

1.2. Krill®] 349 7|8
Krille] 3)dbg 7B L £ 42F 0] AZEHYon 4=Z7, A

2, Stls| =R, WARE ARV Ao ASE Fket RAE

rit

B 9t} W benzoic acid$} hexanal, acetone® Zo] Al XS gkoj

Aot AELE A AS g8 = Q%Y Ion
chromatogram< Fig. 1] Yebll 1 o] & T4 3o} Table 61

ER St
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Table 5. Proximate composition of the deshelled krill

Ingredients Content (%)
Carbonate 0.4
Protein 15.8
Fat 5.0
Moisture 75.8
Ash 3.0
Fiber 0.2

_19_



] A

125603

10063

75003

50933

25043

QouBpuUNQe AR[OY
g

Emﬁu
zzsa.aé (B)
100063
ms—f .
25&3-5
Y ,
ISWQB_.
o ©)
o
o0
o
mk ! |

......

s i 15 n 1 n 3

Retention time(min)

Fig. 1. Total ion chromatograms of headspace volatile
compounds separated from krill during 5 day storage.

(A),(B) and (C) were the samples of 0 day, 3day and 5day—

stored krill
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Table 6. Headspace volatile compounds identified

from krill during storage
(Unit ; peak area x10%)

RT Storage periods (day)
Chemical name

(min) 1 3 5
acetone 453 3385 651.1 373.8
2-methyl-1-propanol 5,00 168.1 186.8 205.6
2-methyl-propanal 6.02 9.3 28.0 55.7
2-butanone 7.28 29.7 38.7 188.6
acetic acid 8.34 119.6 287.2 104.3
chloroform 8.47 108.0 318.0 231.9
2-methyl-1-propanol 9.33 2.1 3.2 3.3
methyl cyclopentane 9.90 83.4 22.9 45.2
3-methylbutanal 10.52 52.1 88.4 188.9
2-methylbutanal 11.17 13.9 15.9 53.4
1-butanol 11.56 0.2 0.2 0.8
1-penten-3-ol 1258 104.6 140.9 157.8
pentanal 12.91 95 72.1 23.2
2-ethoxy—-ethanol 14.42 0.4 0.5 0.2
2-hexanone 1532  15.0 =V 6.4
toluene 16.86 154.8 267.8 217.5
hexanal 17.85 24.1 19.7 9.2
acetic acid butyl ester 18.61 20.4 29.3 29.2
furfural 18.88 1.6 2.2 3.2
2-methylene hexanal 20.39 1.8 1.1 0.6
ethylbenzene 20.60 81.3 914 70.1
1,3-dimethyl benzene 20.89 177.6 193.2 159.7
cyclohexanone 21.22 0.2 0.4 0.7
styrene 21.56 23.6 27.9 29.5

_21_



Continued...
1,2-dimethyl benzene
a kind of n—parafin
benzaldehyde
2-pentyl fural

octanal

1,2,3 — trimethyl
benzene

2-ethyl-1-hexanol
nonanal

a kind of n—parafin
benzoic acid

decanal

benzothiazole
2-methylpropanoic acid

21.74
22.30
23.84
25.67
25.81

25.99

27.33
31.59
32.19
33.96
35.71
36.49
42.19

55.4

12.4
1.2
0.5
8.2

25.3

0.8
23.2
0.9
1.1
48.2
118.3
0.1

62.5

16.9
3.7
0.8

17.5

21.6

1.5
37.7
0.7
1.3
53.6
157.3
0.5

56.5
27.0
0.4
0.8
1.0

15.9

0.7
32.7
0.3
0.8
34.6
113.6
1.3

D

— means "not detected".

_22_



2. Krill 21X 9] Az H3 3

2.1. Krill 2A1%¢] EPA % DHA 3%

Krill 8Hf3o] 0%l A~A|A= EPA®#o] 10 ppm, DHAZ=SZ
14 ppmEH A9 AEHA o3t & F vk 5% £AA
A= EPA”} 383 ppm, DHA7} 312 ppm& F-3 7)) nls] 2% 3|
F27F Eold A& HAAF & YA 10% 2A|A = EPA7Y
1009 ppm, DHAZ} 920 ppmO. & 5% 379} B && 02 HksS
W% o Bol AEH AT (Fig. 2). o€ krill& &% F7H& v
Azzgolt A e, B oMY 2dE] W] WL
R

)

=

2.2. Krill £2A1A19] 334 F7I4E

Krill el mhet s ade] Je F7IE] 8oz HEH
ATk krillZd 7 ] wE 3y 37144 % 2] ion chromatogram-
U2 Fig. 34 Yetdidleh #2483 e 38 F14ES F 21
FoT A3 =R 4F, ¢ZF 3F, F3EE 5F, dAF 4F, 41
Z, 7IEHEA 4Fow FAHYT FAHE IAWAAAAEY A=
Table 7 YebH ST

Ol

2.3. Krill 24141 9] #5%7}t
WAL Ay Mo B AEel Mo #AdA, 7F43 3, YA

#973, thEA 2 krillg ol vl go] B2 Aol w2 A
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1200

1000 -

800 -

600 -

Content (ppm)

400 -

200 A

0 5 10
Krill addition (%)

Fig. 2. Contents of EPA and DHA of krill-added sausages.

x The same letters of a, b and ¢ are not significantly
different(p<0.05).
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250064

(A)

200065
15 0eb

10.0eb4

5,006

10 o6

Souepunge 2ANB[Y

Retention time(min)

Fig. 3. Total ion chromatogram of volatile compounds
of sausage with and without krill.

(A),(B) and (C) were the samples of 0%, 5% and 10% krill —

added sausage.
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Table 7. Headspace volatile compounds of krill-added

sausages
(Unit ; Peak area %)

_ . « Amount of krill (%)
Chemical name RT (min) 0% 5% 10%
Aldehydes
acetaldehyde 3.48 0.38 0.35 0.43
propanal 4.10 7.21 8.60 13.35
hexanal 17.79 0.26 -
decanal 35.56 0.44 0.23 -
Alcohols
ethanol 4.09 1.21 0.81 0.81
1-propanol 6.18 0.48 0.43 0.70

4-1-(1-methylethyl)-3-
cyclohexan—-1-ol
Sulfur—containing

35.03 1.18 1.20 1.87

compounds

carbon disulfide 5.60 0.46 1.59 0.65
dimethyl disulfide 15.48 0.58 0.59 -
1,2—-dithiolane 31.18 0.23 - -
methyl propyl disulfide 32.05 3.23 7.74 6.79
dipropyl trisulfide 40.18 0.29 0.42 -
Acid

n—-hexadecanoic acid 44.05 - - 0.65
Terpenes

alpha—pinene 23.68 5.77 3.24 5.62
beta-phellandrene 25.16 529 2.63 3.91
beta-pinene 25.49 7.96 4.61 5.77
beta-myrcene 25.69 3.12 1.71 2.49
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Continued...

Other compounds

3—carene 27.03 1.39 0.77 1.31
caryophyllene 45.28 0.68 0.68 0.79
copaene 42.35 2.16 - -
(Z)-stilbene 43.24  0.70 - -

D — means "not detected".
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%k T, =7AME 5%
A7V 9 4% o AAHAY. #eEte] 2%E Fig. 4
aHZE e A3 A== 10% A7

45802 714 & AFE Ookrh Mo U E EI4.07HOR
10% A7b7F 78 =hoh, 23y Sz iy vl W] g eof
e 0% F7FEe 5% A FF7F 242 29ka FrlelM Fed A=
= 10% F7H7h vk EE 0% H7H7k =71 AR =3 0%
A7 7 BrPAS7 Btk HAH A 5 AR U, OEA
& 10% F7b7F 7 5% A5E Bgn 23EL 5% HJUH

7b 74 $ e Ao YER T

—

3. A& 7|7+ & W3}o] @& shelf-life 2

3.1. EPA 9 DHA &= ¥s}

Ao mE WAk A4 &S Fig. 50 Yeblt 10T
W] Rast s 54U BAd A 89 35 EPAS DHAS &
22 587 ppm, 520 ppm 2 2 X|WHato] 50%7HF 24" AoE Y
Ebth 1097 233 A)83= 461 ppm, 452 ppm= HE 5UF &
A gpoE 2480 AT o 15U Bag A5 B
7+7} 436 ppm, 438 ppm®E WEFGE T whA 2 2047 B AT AR
296 ppm, 258 ppmZ ZZH At 20Y 7 HASH A F A= A
z 23 B4 Az vastgS W Agate] 30%7HE R HEH
At} o= AP aAA 2] Ho] A3 A3tEE HOE FEHER

S

rlr

rl

=
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crimson grade
5

~color even

A pork smell

7 fishy smell

cooked taste

fishy taste

---¢--- 0% krill sausage - -#--5% krill sausage —— 10% krill sausage

Fig. 4. Quantitative descriptive analysis (QDA) of sensory

test in 0, 5, 10% krill-added sausages.
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700

600 -

500 -

400 A

300 A

Content (ppm)

200 1

100 A

IS EPA
DHA

5 10 15
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Fig. 5. Difference in contents of EPA and DHA during

storage of krill-added sausages.

* The same letters of a, b and ¢ are not significantly

different(p<0.05).
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Fig. 6. Total ion chromatogram of volatile compounds
separated from Kkrill-added sausage.

(A) and (B) were the samples of 5 and 10 day—stored

krill sausages.
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Fig. 7. Total ion chromatogram of volatile compounds
separated from krill-added sausage.
(C) and (D) were the samples of 15 and 20 day—stored

krill sausages.
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Table 8. Headspace volatile compounds of krill-added

sausages during storage

(Unit ; Peak areax10%)

RT Storage period (day)
Compounds name
(min) o 10 15 20
acetaldehyde 3.46 3.6 5.8 3.9 3.1
ethanol 4.08 3.6 52 6.8 5.8
1-propanol 6.17 - - 4.0 -
chloroform 8.38 37.6 42 55 9.8
methy!l propyl disulfide 23.23 3.3 10.9 3.0 114
benzaldehyde 23.63 8.6 127 11.8 784
camphene 24.23 39.4 46 71.9 32.0
beta-phellandrene 25.09 12.0 278 174 32.0
beta-pinene 2542 13.7 326 320 46.0
beta-myrcene 25.57 26.0 49.3 47.8 17.0
alpha—-phellandrene 26.53 10.2 18.3 16.3 5.8
3-carene 26.96 4.9 8.3 57 149
6-methyl alpha-ionone 27.14 6.6 134 14.6 10.2
hexyl t-butyl ether 27.29 9.8 13.3 10.8 11.1
D-limonen 27.83 11.7 127 11.0 83.9
2-acetyl-cycloheptanone 29.36 50.0 101.1 80.3 20.5
beta-terpinol 29.78 169 26.7 22.0 8.4
3,4-dimethylanisole 31.32 7.6 5.3 8.0 11.8
eucalyptol 31.66 154 10.8 10.1 4.1
dipropyl disulfide 31.97 74 6.3 4.0 8.5
4-methyl-1,3-cyclohexen-1-0l 35.01 3.3 109 6.5 12.8
decanal 35.21 - - 11.8 4.4
caryophyllene 45.18 3.9 7.6 54 64

1
’ — means "not detected".
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Fig. 8. Changes in pHs of 10% krill-added sausage during

storage.

* The same letters of a, b, ¢ and d are not significantly
different(p<0.05).
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Fig. 9. Bacterial count of 10% krill-added sausage during

storage.

* The same letters of a, b, ¢ and d are not significantly
different(p<0.05).
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