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Effect of Krill Addition in Krill Sausage
and

Quality Evaluation During Its Storage

Jin Young Ahn

Department of Food -Science and Technology,
Graduate School,

Pukyong National University

Abstract

Krill (Euphausia superba) contains lots of bioactive compounds
including astaxanthin, taurine-and polyunsaturated fatty acids,
but It is not widely applied to food industries. Krill fresh
obtained by using automatic desheller was tried to apply to
sausage without adding nitrite salt and starch. The effect of
krill amount and quality changes of the krill-added sausage
were investigated. First of all, krill-added sausage was
manufactured by adding different amounts of O, 10, 20, 30, 40

and 50% krill fresh. Quantitative analysis of fatty acid,



headspace analysis of volatile compounds and sensory
evaluation of krill sausages were carried out to investigate the
effects of krill addition in sausage. In sensory evaluation, 20%
krill-added sausage received most excellent scores in cases of
color, juiciness, particle even, less fishy smell as a result of
10 point, but it was evaluated weakness in a texture. Texture
and porky smell of 0% krill sausage were more stronger than
others. Therefore, the optimum addition of krill was 20% in
krill sausages. The contents of fatty acids in krill were 0.50%
palmitic acid, 0.08% linoleic acidy; 0.03% linolenic acid, 0.04%
arachidonic acid, 1.00% eicosapentacnoic acid and 0.60%
docosahexaenoic acid. In 0% krill-added sausage(controlled
experiment), palmitic acid and arachidonic acid were not
detected, but 0.011% linoleic acid, 0.008% linolenic acid, 0.6%
eicosapentaenoic acid, 0.4 % docosahexaenoic acid and in 20%
krill-added sausage, 0.20% palmitic acid, 0.02% linoleic acid,
0.01% linolenic acid, 0.02% arachidonic acid, 2.30%
eicosapentaenoic acid, 1.80% docosahexaenoic acid were
detected. Twenty one volatile compounds were identified from
0% krill sausage and they were 15 aldehydes, 8 alcohols, 3
ketons, 4 terpenes and 16 aromatic compounds. Eleven
aldehydes, 8 alcohols, 5 ketons, 4 terpenes, and 16 aromatic

compounds were identified from 20% krill sausage. Aldehydes



and alcohols were increased with krill addition. Terpenoid
compounds as pinene, phellandrene and limonene were thought
to be originated from spices. Aldehydes were increased with
storage periods. Shelf-life of 20% krill sausage was
determined by measuring several chemical and microbial
changes during storage periods at 4C. The changes of
bacterial count, TBAR and VBN in krill sausage were increased
with storage periods: The pHs of 20% krill-added sausage
were pH 6.40, 6.31, 6.20, 6.13 during the storages of O, 2, 4,
6 days, respectively. The-bacterial counts of the sausage were
4.2 X 10% 6.2 X 10% 1.5% 10° and 3.9 X 10° during the above
storages. Changes @ of TBARs in 20% krill-added sausages
were 0.0842, 0.1138, 0.1621, 0.1802 during O, 2, 4, 6 days
storage at. 4C, respectively. Also, the VBNs of 20%
krill-added sausage were 3.9, 8.2, 15.2, 49.7 mg% during O, 2,
4, 6 days storage. Prediction of shelf=life of 20% krill-added
sausage was thought to be 6 days by determining pH, TBAR
and VBN values, changes of volatile compounds, and bacterial
counts during the storage. These results obtained from effect
of krill addition in krill sausage processing 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.
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Grinding of raw meat

|

Mixing

!

Kneading

|

Stuffing

|

Casing

|

Cooking

!

Cooling

|

Storage at 4C

Adding fat

Adding salt, seasoning and etc

7~8min

15mm diameter

12 min, 75~80T

Room temperature

Fig. 1. Manufacturing method of krill-added sausage
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Table 1. Recipe of

0, 20% krill-added sausages

[tem Unit 0% Quantity 90%
pork meat g 2,000 1,600
pork fat g 130 130
white pepper g 8 3
white total spice g 20 20
parsley chop g 10 10
legal mixed g 8 3
mace g 4 4
garlic chop g 40 40
onion chop g 60 60
celery g 40 40
leek g 40 40
salt g 40 40
krill g - 400
egg each 2 2
cubic ice g 250 250

? The amounts were controlled by a viscosity of the mixture.
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Table 2. Conditions employed for breaking strength

profile measurement of krill-added sausages

Instrument Sun Rheometer Compac-100, Japan

Sample thickness 10 mm”

Cylindrical plunger 10 mm?

Crosshead speed 1 mm/sec
Load cell 10 kg
Chart speed 60 mm/min

D the size of a slice of krill-added sausage

? simulates the molar tooth
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st WH o2 gl st} o] O F injectionstil GC/FIDE A2
Table 33 #o] st}

2.6 Kirill sausage? 3|2 F7AHE =3

A5 0, 20% AH A7} sausage 2o AlBol tiste] 2
vA o2 Uk 7R WstE S5 A5 5 g¥S A
F 3}o] 2HA o] amber scew caprbottle®l] 23t 50T dry oven

ol A 30ZF 7F23t & Ad2oA 1AIRE BRsit o] 5 X yE =T
(VPC—10, Shimadzu, Japan) & ©|&3ly FA7] =9 o= 53
FHo| F7AAES et o] 43S GC/ MS® injections} S L

Pz Table 49} o] &gty F714Le F42 mass

X

spectrum library 5 o] €3s}o] 2} A &0 B x&kS library ] %+ &

Apers) v) wato] B4 S,

2.7 pHY S7H

7t Algg 3~5 g8 AFAste] 30 mLe FTRTel ¥ 1021t
homogenize (8510 R—DHT, Bransonic, USA)3t % pH meter
(SP—701, Suntex, USA) 2 74 3t}
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Table 3. Operating condition of gas chromatography for

fatty acid analysis

Gas chromatography

Model Agilent technologies 6890N

Column FFAP (15 meter X 0.53 mm X 1.0 um)

180C (1 min) -10TC / min
= 230C (2 min) - 10T /min
= 240TC (5 min)

Oven program

Detector' temp. 250C

Injector temp. 230TC

Carrier gas and ,
N3 and 5.0 mL/min
gas flow

Split ratio 10:1
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Table 4. 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
(30 meter X 0.25 mmx 0.25 pm)

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

210TC

50:1

He & 1.0 mL/min

NBS75K.L(Wiley)

_17_



2.8 a5 &3

Az 0, 20% AE XA F BF 4T 22 AAsiion Ad
Al AAE 2ol &tk s sAlA AF AT Ad 7o SALS

7} A5 20 g7bes Y wWo FgA o AfF ko] Hersh A
3 (0.85% NaCl g9 E Yo] stomacher (Bagmixer 400W,
Interscience, USA) 3t th, 1048] Ao =2 34 3ste] PCAY =
AT o] F 35T 1Tl 48412 vl %} F colony+E A58}
th vl A= Table 59 £ S = ¥ PCA A& AlE3st S/HTE
7Fated 1,000 mL2 =31 et & pH 7.0+0.2%2 =433t
o] F 121 TCollAl 1581t Hatalo] ARE-k3lt.

32

2.9 A4 Alv|= TBAR 573

8-S 0, 20% 3718k krill sausage 2H7}S- Tarladgis (1960) ¥
= o] &3t AR 10ge 7T 97.5m 2 & A A 4N HCl& 2.5
m¢ 7 = FHF QO 50m7t HEE FFske] Smle] SN
5ml 0.02N TBA & & &3 3101 85T 3581 AN & Y73}
o] 538molA FFEE 5435t A S kg'd malonaldehyde ] mgs~

= e .

2.10 394 47] A4 (Volatile basic nitrogen, VBN) &%
ATt 0, 20% A 7}3t krill sausage 2+2+2] sample 2g°l S5

2} 20% perchloric acidE ¥ 31 #2321 71 & 3,000 rpmeoll A ¥
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Table 5. Composition of plate count agar

[tem Unit (g)
Tryptone 5 {0
Yeast extract ks
Dextrose 1.0
Agar 15.0




, YA = 10% B4 A5 713 & 37TColA 80min
2 AAQste] Falgon AAA L te T

1 97182 (mg) = 01ax 7D 00 x g

7)o W A8 2FHFH(g), ax= 0.01N NaOH A ZH(A2), b
= 0.01N NaOH &A= (3A13), f+= 0.01N NaOH <7}, d= 34
Hj| o] o},
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1 Krill ZA1A] 9] A=

1.1 Krill &A1A 9] #5%H7}

HeAA A Ay AH 9 WAl Ao B ol 50% 7T =2
s AN 240 A vl el w2 HeE 4o
Oadeld 2 AE At AY F3 AEE UEds A3
oF, v Beh o, vEA S krillg el Hlglsi A gaFol B AlEol %

gl
S AE Wk, Ao vl B HE, “7|gelA= 20%
A7 Y et A ®E Y HAY. s3] d9E Fig. 2
oA WAty mel =z eIt 2R AL 758072 0% HIH
7 7 wtvh ey A A B> A e JE el A= 50%
A7V 47 =k FulelA T AE=E 0% H7H v A
= 50% H7F7E =7lsk AE ESE 0% 7S B ST =

ek 247 A4 F AR FAA, FEAS 50% AT e
A %

1.2 Krill 2A1A 9] Ax &3
HA]3L7] 8] vl ol whet krill %< 0, 10, 20, 30, 40 ¢ 50%=

H7Fsha Table 19 243} o] Alzsto] WsgAt 8 BYAAE
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pork smell
10

crimson grade\ 8 : fishy smell

color even

texture

@ 0% m10% 20% ¢ 30% —*— 40% —@—50%

Fig. 2. Quantitative descriptive analysis of sensory test in O,

10, 20, 30, 40 and 50% krill-added sausages
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20% H7VEFo] A AAA ) Azl HA st AS o
F ARG 7 A8 HIF AAA Y EAS Fig. 39 YER ST
TR £482 0.5 flor a8l Hrtge] StErs 249
#ol ZAade & g AT olF, =A% TS A8l 20% krill
A Aol agarg H7He A3 agarg FH7FeA] &2 krill AA A=
EAJo] 0.150d wall, agarg H7het krill 2A1 A= 0.33°.% e}
L agar®] H7F B S 7HAES & 5 ATk Fig. 4845

of WARL Z e g T AFolE WER LT

2 Krill-added sausaged A £ £44 3}

2.1 Krill sausage?] Q4%

Krill 985 9 0%% 20% krill-added sausage?] dHH
A2 Ao Table 67 20] 100 g &53&> 04 g, &
15.8 g, A% 5.0g, & 75.8 g, g+ 3.0 g H=HA oA, 20%
krillZd 7} 2414 9] 49100 gF &<rshE2 0.1 g, &9 20.0 g,
AW 2.0g, F% 75.0 g, 3 2.3 g AEH A

Mo
ftlo

A
()

2.2 Kirill sausage?] A4t 4

AFE5 FH A, 0, 20% krill—added sausaged A|WAHS ZHzF
SAstdv SHE9 a8 FlA 0.5% Zr|EAL 0.08% =Y
0.03% el=#d4t, 0.04% ote}7]=4k, 1.0% EPA |, 0.6% DHA 7}
AEEN o, F3H7H 2ol = 0.011% #=dd, 0.008%
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Breaking strengthika)

0% 10 % 20% 30 % 40%: 50%

Krill-added =sauzage

Fig. 3. Physical properties of 0, 10, 20, 30, 40 and 50%

krill-added sausages
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Breaking strengthikg)

07 r
06 1
05 1
0.4 ¢
03T
0.2 r

o1
D L L

Control agar Krill Krill + agar

Fig. 4. Physical properties on krill and agar addition in krill
sausages
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pork smell

crimson grade %\v/\fishy smell
z 5l

] 1
| \/‘(\ L o
color even \\-/ juicy

texture

—eo—control —m—Krill + agar agar Krill

Fig. 5. Quantitative descriptive analysis of sensory

test on agar addition in krill sausages
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Table 6. Proximate composition of the deshelled krill and

kill-added sausage

Content (%)

Ingredients krill 0% krill—added sausage 20% krill—added sausage

Carbonate 0.4 0.2 0.1
Protein 15.8 17.5 18.1
Fat 5.0 3.8 4.5
Moisture = 75.8 ) 75.0
Ash 3.0 2.6 2.3
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g =44k 0.6% EPA, 0.4% DHAZF AZE5H 0o 20% krill 37}

A= 0.2% ZrEAL 0.019% =94 , 0.012% &=t 0.
2% o}e}7) =4k, 2.3% EPA, 1.8% DHAZ #AEH U 2 1Y ==
Fig. 6 YebGlAL o] & 224 sko] Table 7l e ST

2.3 Krill sausage? 3944 Fr71 &
oA g2 20% krill €5

510
71708 wE AP IEESs AT A F AV

[e]

N

aldehydes 15%, alcohols <%, ketones 3%, aromatic
compounds’ 16%°] H=FHJAeH  20%  krill = sausage+
aldehydes 11%, alcohols 8<%, Kketones 5%, aromatic
compounds 15F°] AZHA. 7] A2 A 7|gto] dojd
4= propanal, hexanal 52 aldehyde 3$t&o] F71st= 22 &
& o A Aln T ARE WE=  pinene, myrcene,
phellandrene, limonene2] 3|¥HA] &k7] AJES Al oA
st o7 Atgd. 338 ¥ H 78k sausage ) ion chromatogram
< Fig. 79 YepSlaL o] & &7 3t Table 8ol YEF AT 2™
20%% 713t krill sausage®] ion chromatogram- Fig. 8] L E}
W 3lar o] & 57 38ke] Table 9o Yeh 3.

_28_



FIDE O AT et L P e —— 1

o Uil
g e |
3 i
E == @k
Q LT
[}
o ﬁ .
> woa
©
T oo |
e 1-’[ ]
7 & ji L . A o ‘...JL\_.h..._‘ﬂ.-.k — +t'

(Lh

Relative abundance

5 b

B Lo

ﬂ é
J i

Relative abundance

Relative abundance
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Table 7. Fatty acid composition of krill and krill-added

sausages
Content (%)
Ingredients  krill 0% kill—added sausage 20% kill—added sausage
Palmitic acid 0.50 - 0.20
Linoleic acid 0.08 0.01 0.02
Linolenic acid 0.03 0.09 0.01
Arachidoni¢ acid 0.04 B 0.02
EPAY 1.0 0.60 2.30
DHA" 0.60 0.40 1.80

Y EPA & DHA mean eicosapentaenoic acid and docosahexaenoic acid,

respectively.
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Fig. 7. Total ion chromatograms of headspace volatile

compounds from 0% krill-added sausage
(A) (B) (C) (D) were the samples of 0, 2, 4, and 6 day-

stored sausages, respectively.

_31_



Table 8. Headspace volatile compounds identified from

0% krill-added sausage during storage

Storage day of 0% Kirill sausage (x10°)

Compounds Ret. time 0 2 4 6

Aldehydes(15)

Acetaldehyde 3.3 7.7 4.0 7.1 7.4
Propanal 4.3 20.9 9.6 6.9 12.3
Methylpropanal 5.8 1.6 0.8 0.4 0.6
Butanal 6.8 1.1 0:4 0.9 0.6
3—Methylbutanal 10.2 0.6 0.2 0.2 0.1
2—Methylbutanal 10.9 0.2 0.1 0.1 0.1
Pentanal 12.7 20.4 7.4 10.9 7.9
Hexanal W/ i 37.9 29.8 33.4 26.5
Heptanal 21.4 0.6 0.2 0.2 0.2
Nonanal 31.2 0.2 0.1 0.1 0.1
Decanal 35.4 0.1 3 - 0.1
Ketones

2—Pentanone 6+ 0.2 0.2 0.5 0.2
2—-Butanone 74 1.8 0.7 0.7 0.5
2,5-0Octanedione 24.5 0.6 0.9 0.4 0.7
Hydrocarbons(15)

Butane 3.5 0.8 0.4 0.4 0.6
Pentane 4.8 23.4 13.1 13.3 11.3
2,2—Dimethylbutane 7.3 - - 0.1 0.1
1-Hexene 7.5 0.1 - - -
Hexane 8.0 0.7 0.4 0.6 0.5
1-Heptene 13.4 0.2 0.1 0.1 0.1
3—-Methylhexane 14.0 0.5 0.3 0.4 0.6
3—-Methylheptane 17.4 0.1 0.1 0.1 0.2
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continued

1-Octene
4-Octene
Octane
2—-Octene
2,2,4-Trimethylheptane
Nonane
2,2,6—Trimethyloctane
Alcohols(8)
Ethanol
Isopropy! alcohol
1-Propanol
2—Methyl-1-propanol
1—Butanol
1-Penten—3-ol
1-Octen-3-o0l
2—Ethyl-1-hexanol
Aromatic compounds(16)
Methyl-cyclopentane
Benzene
Cyclohexane
2—Ethylfuran
Methylcyclohexane
Ethylbenzene
1,3-Dimethylbenzene
Styrene
alpha—Pinene
beta—Phellandrene
beta—Pinene
beta—Myrcene
alpha—Phellandrene
3-Carene
D-Limonene
Caryophyllene

18.0
18.4
18.5
18.6
21.6
221
26.2

3.9
4.6
6.1
By 1
11.4
12.4
24.6
&y .0

9.6
11.1
11.6
13.5
15.0
20.4
20.7
21.4
23.5
25.0
25.3
25.5
26.4
26.9
27.7
44.3

0.2
0.1
0.5
0.1
0.1
0.1
0.6

14.6
1.3
0.2
0.1
0.5
0.9
0.7
0.1

0.1
3.2
0.2
0.3
0.1
0.6
0.6
0.2
0.7
1.4
1.4
0.6
0.8
4.2
2.7
0.2

0.1
0.1
0.4
0.1
0.1
0.1
0.4

8.0
0.5
0.1

0.1
0.3
0.3

0.1
3.2
0.1

0.1
0.3
0.6
0.2
0.3
0.1
0.8
0.4
0.4
2.2
1.6
0.1

0.2
0.1
0.4
0.1
0.1
0.1
0.5

3.8
0.3
0.1

0:2
0.3
0.5
0.2

0.1
4.7
0.1
0.2
0:1
0.6
0.6
0.2
0.5
0.1
0.8
0.5
0.3
3.0
2.6
0.1

0.1
0.1
1.0
0.2

0.1
0.2

6.2
0.4
0.1

0.1
0.4
0.3
0.2

0.1
2.4
0.1
0.1
0.5
0.3
0.4
0.1
0.3
0.1
0.4
0.2
0.2
1.0
0.8

1

— means "not detected".
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(A) (B) (C) (D) were the samples of 0, 2, 4, 6 day— stored

sausages, respectively.
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Table 9. Headspace volatile compounds identified from

20% krill-added sausage during storage

Storage day of 20% Krill sausage (x 10°)

Compounds Ret. time 0O 2 4 6
Aldehydes

Acetaldehyde 3.3 1.5 2.6 2.3 4.1
Propanal 4.3 0.8 0.7 1.3 4.4
2—Methylpropanal 5.8 1.9 1.3 2.0 2.3
Butanal 6.8 0.1 0.1 0.1 0.3
3-Methylbutanal 10.2 2.0 1.5 2.5 4.5
2-Methylbutanal 10.9 1.0 0.5 0.7 1.0
Pentanal 12.7 0.7 0.3 0.6 0.8
Hexanal i . 1.8 1.3 4.3 3.5
Heptanal 21.4 - 3 0.1 0.1
Nonanal 31.2 = 0.1 0.1 -
Decanal 35.4 0.1 0.1 0.1 0.1
Ketones

2-Pentanone 6.7 0.2 0.2 0.4 0.3
2—Butanone 7.1 1.2 0.7 0.9 1.1
2—-Hexanone 15:2 0:1 0.1 0.1 0.2
2-Heptanone 211 = = 0.1 0.1
2,5—-0ctanedione 24.5 0.1 0.1 0.2 0.1
Hydrocarbons

Butane 3.5 0.1 0.1 0.1 2.2
Pentane 4.8 0.7 0.7 0.9 1.5
2,2-Dimethylbutane 7.3 - - 0.1 0.2
Hexane 8.0 0.3 0.3 0.6 1.0
3—-Methylhexane 14.0 0.1 0.1 0.2 0.2
3—-Methylheptane 17.4 0.1 0.1 0.1 0.1
1-(E)-Octene 18.0 0.1 0.1 0.1 0.1
4-Qctene 18.4 0.1 0.1 0.1 0.1
Octane 18.5 0.2 0.2 0.2 0.3
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2-(E)-Octene 18.6 0.1 0 0.1 0.1

2,2,4-Trimethylheptane 21.6 0.1 0.1 0.1 0.1
Nonane 22.1 0.1 0.1 0.1 0.1
2,2,6-Trimethyloctane  26.2 0.4 0.3 0.6 0.4
Alcohols

Ethanol 3.9 38.1 411 36.1 33.4
Isopropyl alcohol 4.6 1.1 0.7 1.3 0.1
1-Propanol 6.1 1.1 0.8 1.4 0.8
2-Methyl-1-propanol 9.1 0.1 - 0.1 0.1
1-Butanol 11.4 0.2 0.1 0.1 0.1
1-Penten—3-ol 124 0.3 0.2 0.6 1.3
1-Octen-3-o0l 24.6 0.3 0.2 0.4 0.3
2—Ethyl-1-hexanol 27.0 - - 0.1 -
Aromatic compounds

Methylcyclopentane 9.6 0.1 0.1 0.1 0.2
Benzene i 3.8 3.7 31 4.0
Cyclohexane 11.6 0.1 0.1 0.1 0.2
2-Ethylfuran 13.5 0.1 - 0.1 0.1
Methylcyclohexane 5.0 - a = 0.1
Ethylbenzene 20.4 0.4 0.3 0.5 0.7
1,3-Dimethylbenzene 20.7 0.7 0.5 0.5 0.7
Styrene 213 = 0.2 0.3 0.3
alpha—Pinene 23.5 0.5 0.3 0.5 0.5
beta—Myrcene 25.5 0.3 0.2 0.6 0.6
1,2,4-Trimethylbenzene 25.6 0.1 0.1 0.1 0.1
alpha—Phellandrene 26.4 2.6 1.8 3.0 0.8
3-Carene 26.8 2.7 1.8 4.1 3.8
O-Limonene 27.7 1.7 1.1 2.9 2.8
Caryophyllene 44.3 0.1 0.1 0.2 0.3

D — means "not detected".
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