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Food Quality Characteristics of Instant Gruel Prepared with Peeled
Krill Euphausia superba Meat

Hae-Rim Jung, Eun-Hye Choi, Yang-Bong Lee, Byung-Soo Chun and Seon-Bong Kim*

Department of Food Science and Technology/Institute of Food Science,
Pukyong National University, Busan 608-737, Korea

Instant krill gruel was produced using peeled Antarctic krill Euphausia superba as a high nutritional ingredient and
the food quality was investigated. The food quality of krill gruel was examined by measuring proximate composition,
cholesterol, calorie, Hunter color value, total amino acids, fatty acids, fluoride, viscoelastic properties, and by sensory
evaluation. The krill gruel had a moisture content of 87% and a pH of 6.65. The krill gruel contained 51 kcal/100 g,
and 0.1% fat and 3.5 mg/100 g cholesterol. Its fatty acid composition exhibited high levels of unsaturated fatty acids.
The levels of oleic acid and linolenic acid were high, and n-3, n-6, and n-9 fatty acid contents ranged from 1% to 6%.
The total amino acid content was 2132 mg/100 g, and the levels of glutamic acid, aspartic acid, leucine, alanine, and
arginine were particularly high. Essential amino acids accounted for over 30% of the total amino acids. Fluoride level
in the krill gruel was 3.07 mg/kg. The viscoelastic properties of the krill gruel were determined as 6.28 Pa at shear
stress of 2.51 Pa. In the recovery test, the elastic restoring force after deformation was low.
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Y= I Y(Euphausia superba)e AFgol|A 71 FH5H
5 £07 AU 379 million M/Te| E3tch(Nicol and

Endo, 1997; Atkinson et al., 2009). Z3-& 313j|, vjtl, &

#Jol, o 0] wol =, 3 uirho] Ajel A Ho| Al Lol 4 Fa
3t 98- 31l )Itk(Everson, 2000).
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=

L QoF Arolu] Al 952 -G-8k 912w (Nicol et al.,
2000; Young and pellet, 1991), S ‘éﬂé_‘?_l casein} _:_ﬁ}

go] fAlsl] Jarsta oz 4% Ao & A A THGi-
gliotti et al., 2008). 32| &334t FofA] DHA (16.6-
36.5%)2}F EPA (11.1-24.8%)7} thef ghr=lo] QUTk(Virtue,
1995).

Ty 282 Al flsiAdel il =

S

Qltk(Ishiguro et al., 1993; Vani and Reddy, 2000; Lu et al.,
2000; Spittle, 2009). 222 536-2,400 mg/kg &= ‘:'/\
£ okl ol L Fol Al Solli= 4.5-570 mglke, @Tiﬂ 7]
o= 1,800-4,260 mg/kg= ThFe] B42 FHa-5kaL 9IthSo-
evik and Breakkan, 1979; Adelung et al., 1987; Park et al.,
1988; Kim et al., 1990a; Zhang et al., 1993; Sands et al., 1998;
Moren et al., 2007; Yoshitomi et al., 2007; Xie et al., 2012;
Jung et al., 2013).

oloh o] AU W ko] BAZ TR WlRe] AEL
29] o] g Algto] gol AL WA n]7] % F2 ALgE T
t}(Kubitza and Lovshin, 1997; Kolkovski et al., 2000).

A 9] o]-gof st AE XM, krill protein concentration
(KPC) Az} 34 7HHAHES 083t carotenoproteinyt
chitosan®| A =¥ o] 4HA ¢l (Kuwano and Mita-
mura, 1977; Ochlenschlager and Schreiber, 1981; Kim et al.,
1990b; Kim et al., 2000), A1 Zc g2 32 714 32 HxF 5
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5o J7te SFE BT 9 2 oY Fo] HaEa gtk
(Han et al., 1979; Lee et al., 1984; Kim et al., 2009; Bunea et
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Al olglsto] Aol A 22 & Ws/dEl = 2t 22 20119
490] G35 Y4k (Busan, KOREA) ©. 2 KE| Al gto} 25T
Y&ato]] AAste] FaL Aol ARg-shATh A-E S Ao AF
S5 3, ol o g AL & w|ZknkE (RO A -
Asto] ARgsESATE A7 AFe oo 245 = (Gunpo, Ko-
rea)ol| A Fsto] ARESFGITE. ARl of] ARSE AlokS: HF o
W old= ARE-sH3ITh

38 =9 Mz

394100 g2 = 1,000 mL7F 71 8710 YL 187 #-2]
T = A o 5 20 mesh Ao WA 2715 A AT 22
W o g 23] o pAlstaL 5715 AlARE 3 & Al ARE-S)
Ak oluf) EFFFL 85+ 1%k, 18], T, ok, 4
= AolA AAS A AT obdf thA]7](GF-80, GEFU, Eslo-
he, Germany) 2 dice FEl| 2 %] 2|5t} AXFIHAL 2o
A7 29 3 E7]5 AASIL off] 7| = A 2]skeitt. &
o el aby glol k2 ARGttt A% AxE 9B
HighH]&-2 Table 13 e} 2850 Al2He oA 295
I3 ofAf i, A7 AR W AgE EeRAEE71(1,000 mL,
polypropylene)of] Fol &3t & autoclave (MLS-3020, Sanyo
Electric Co., Ltd., Moriguchi, Japan)ol| ‘21 121°Col|A] 15&
53 7k steitt. of autoclave Wi 27} 100°C o)/l A]

T & AR 708080 28] & WEdt 8] o] ¥
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Table 1. Formulas for preparation of instant krill Euphausia su-
perba gruel

Ingredients Content (g)

Krill meat 30
Glutinous rice 45
Carrot 5
Onion 5
Potato 5
Mushroom 5
Extract of clam 4
Extract of shrimp 1.5
Extract of kastuobushi 1.5
Salt 0.7
Water 300
Total 402.7

digestor auto,FOSS, USA)Q} Az FEA7|(Kjeltec
auto 2300, FOSS, USA)E o]&-ato] ZAatlct. A9 g
2. Rose-Gottlieb method (RG method) 2.2 =435} 11, Gas
chromatography (Agilent 7890 GC, Agilent, USA)E ©|-8-3}
of ZoA, EfAARY, FYAHES AESHY UEF
2 microwave (MARSS, CEM, USA)E o]-&3}o] Hafslal
atomic absorption spectrometry (AAnalyst 700, Perkin elmer,
USA)= S35kt

183, pHE 38 &5 52 YA|(HR2860, Ya Horng, Dong
Guan Cuangdong, China)Z 3027t 4 & S5+5 716}
10% €Yo =2 3+ T pH meter (model 15, Fisher Scientific,
Waltham, USA)2 =4 35}$tt.
X|gate] 24

A RFAF B2 Folch et al. (1957)2] W of] whe} chloroform:
methanol (2:1,v/v) 882 o] &35} A &3 & AOCS
(1998) "ol wh2} methylationstitt. =, =3 A% 100
mg2 toluene 5 mLoj| +0]al, BF3-methanol 3 mL7}5}od
75T A 3087F 71451t 71 & hexane 3 mLe} 10%
NaCl 1 mLE 37Fsto] AgAE =41 E F256t0] AgAE 4]
& A=EE ARESFoITE A HHARS] 412 Gas chromatography
(5890 Series II GC system, Hewlett Packard, USA); column,
DB-Wax capillary column (30 m length X 0.250 mm internal
diameter, 0.25 pm of film); carrier gas, He; detector, FID; col-
umn temperature, 130°C to 240C at a rate of 4C/min) ©]-&
SFRAL, EF8-NL standard fatty acid methyl ester mixture
(Supleco, USA)E AR5}t

& ofo|=atel =4

% ofm|ieAkE Chen etal. (2009)9] W] utet £Ajs}ct,
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Al&0.8 gol 6 NHCIE 10 mLE 7Fke] 144k d5gk 5, 110T
9] dry oven (OF-22GW(151L), JEIO TECH, KOREA)<J|A|
22A|7F SR AL ZF B Al F et 7Rl glass filter=2 o
Hs}ar, ofakelo 55¢ of| A 7Het 25k 1 & sodium ci-
trate buffer (pH2.2) 10 mLoj| =5 4] 0.45 pum membrane filter
(Tyoko Roshi Kaisha, Japan)= o] 2}5}4] amino acid analyzer
(Biochrom-30, Amersham, U. K.)& 243}31c}.

ga0| HY

45 ASTM(2002)7} Horwitz (2005)2] HMH-S 443t
Jung et al. (2013)9] Wi o2 EA5FTE A (1108 ox-
ygen combustion bomb, Parr, Moline, Illinois, USA) o] 1 N
NaOH 10 mLe} 572 Az A2 0.5 g& 2FzF upi @, mwa)
At 11 & AAE 3E91(30 atm)skal F3KH2901 ignition unit,
Parr, Moline, Tllinois, USA)A| A 587F &4 SAAAH T o4
T 718H Eas AR E S50 | NNaOHo|| 83417 1,
A2 9] Y& 7| F o2 H3iek 1 & ALAE 7Y
5}o] NaOH £91-2- 3HAhE(2:3, viv) £ 150 mL7} 5018l =
S5 Z2SA(500 mL)ol| &2l SRETE e 2ol
9H SFAAA ol 45k Alm FUAFE ol B HSohH
170°Coll A 3AIE S-Hakdltt. S/ &5 71ste] 500 mL
2 319 tE 559 25 mLof| 5% alfusone (Lat+ALC+Buffer,
Dojindo, Kumamoto, Japan)-£-2 5 mL<%} acetone 10 mLE 7}
5ko] 50 mLE S}aL 1 hr A-2of| A ®2] 313t} o] & UV-Spec-
trophotometer (UV-1800, Shimadzu, Kyoto, Japan)E AM8-3}
] 620 nmof| A FFEE 5750l EaE 4T shlth =49
A&k fluoride ion standard solution (F- 1,003 mg/L, Kanto
Chemical, Tokyo, Japan)< ©]-8-8F ek o 2 L5KTt &

9] 8]8-2103.33 £ 1.77%0] 3l t}.

439 Me= 8958 724 YAJ(HR2860, Ya Horng,
Dong Guan Cuangdong, China)2 w2 & 49 cellof go} Al
Z}A| reflectance tintometer (RT series, Lovibond, Amesbury,
U.K)Z Hunter's colorS &4 3}%1t}. Hunter's color+=L, a, b
groz FAEol otk Lake BEs dehils o 2t
1002.2 248 Yo} 1, 431002 445 ol £k, 4
=] aglo] (+)o]% B-Ea00] 1, (ko] 1S W, Etb
Zrol (+)ol FAYE WL, (ol HAYE e,

Z A &S 20 meshA|of] 2] 1 o ol o] BAS
rheometer (Rheostress 1, HAAKE, Vreden, Germany)<2} Senc-
er (Z20DINTI, HAAKE, Vreden, Germany)= Z4 3} %t}

ol 4 =4 345

W5 A A= Meilgaard et al. (1991)2] HH§£ Za1ste] HA
sk 4 %g_?sh_]r ST TR 102 thAro 2 A4
2 wE 990 9.F 34004 44 Aold] T
"74/\]‘— A ] 3llct. AAF 8-S appearance, flavor, texture,
overall acceptability®]] T3l £olol= J=E 98 A== HA
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Zat o n
Ust o x4y

A= 100 g9 04%@31 %" 2 Table 2] UEFi St 2
T, T, A ) gk
. %100 g 5 ©held, &|np 9l g
, A9, L—r% 49| Al4=5 Fsto] 22+
| & 2] (kcal) TH9) & A}EO}L 242 UeEhygl
ok =2 %% 51.46 keal®| & Het ek & @32
2103 g0 &2 ARl A FUda 71| 3%0l| alfedstelaL,
22234 g0 7 A 7]EA] 4%0l| sFstel o, A
=01 go= Ulul?‘?} ol ek EIA AR 0.02 go]
QUL ZY AHE2 348 mg o &2 JYa 7R 1%0| sidst
= Y 2HE TS et 239 S AHE
66.1 mg/100 g ° 2 BT ¢l em(Tou et al., 2007), AH=
o] FeE|AEHIE2 A 7|RIsks AL R AAZI YEFS
112.02 mgo & A ok 7123] 6%l slgats THrs &
ATk A=) LB 86.07%0] L, 10% S-Ho| A pHE=
6.65%2 S =3tk AH=2] pHe UuHA%l £9f pH 6.5-7.1
1} v]=5F AE B th(Shin et al., 2008; Kim et al., 2010).
12]al ERfA A HEEA] ot

)
mlo
md r
HU

S%e] AP 242 Table 30f) Lrehf 9k, FA] 2|4t

Table 2. Nutrient composition of instant krill Euphausia superba
gruel

Items Contents
Energy (kcal/100 g) 51.46
Moisture (g/100 g) 86.07
Total carbohydrate (g/100 g) 10.30
Sugars (g/100 g) 0.00
Protein (g/100 g) 2.34
Total fat (g/100 g) 0.10
Saturated fat (g/100 g) 0.02
Trans fat (g/100 g) 0.00
Cholesterol (mg/100 g) 3.48

Sodium (mg/100 g) 112.02
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Table 3. Fatty acid composition of instant krill Euphausia superba
gruel

Table 4. Total amino acid composition of instant krill Euphausia
superba gruel

H HH 0,

Fag:%'ds Compozgon (%) Amino acids (mcgc;qtggtg) Composition (%)
C16:0 20.9 Aspartic acid 229.9 10.8
C18:0 2.6 Threonine 779 3.7
C20:0 1.3 Serine 97.5 4.6
C23:0 0.3 Glutamic acid 386.0 18.1

Total saturated 27.7 Proline 82.1 3.9
C14:1 0.3 Glycine 110.6 5.2
C16:1 21 Alanine 167.2 7.8
c18:1 30.9 Cystine 31.1 15
182 286 Valine 122.8 58

€18:3(n-6) 05 Methionine 54.9 26

C20:2(n-6) 13 etnior ' ‘

C20:3(n-3) 09 Isoleucine 92.8 4.4

C20:4(n-6) 08 Leucine 170.1 8.0

C20:3(n-6) 0.4 Tyrosine 67.2 3.2

C22:1(n-9) 0.3 Phenylalanine 102.7 4.8

C22:2(n-6) 0.3 Histidine 45.8 22

C20:5(n-3) 3.1 Lysine 122.8 5.8

C24:1(n-9) 0.8 Arginine 151.3 7.1

C22:6(n-3) 21 Tryptophane 20.2 1.0

Total unsaturated 72.3 Total 2,132.7 100.0
ZA] & ZIAARE 27.7%S 2 A5F9L, & E} JHRARS (10.8%), leucine (8.0%), alanine (7.8%), arginine (7.1%) 5|
72.3%% AABFATE 1 FollA e n-3AHAF 240] 6. 0 0] itk 32| Fgrolu| AL 9F 0] i TRSEo] Qi 1

1, n-6 A 54O 3.4%, n-9A ®H4AEo] 1.0%0] T n—3 A EFAR
A EPA (C20:5)7} 3.1%0] 1, DHA (C22:6)= 2.1% 39 Hoi
it 3= 2 AWAR oleic acid (C18:1)7}30.9%=
7H =9k, o222 linoleic acid (C18:2)7} 28.6%, palmitic
acid (C16:0)7} 20.9%01Qlc}. =2 o] 2kl 20| That 211
= By, Bxsix|urito] 48.6%-50.8%S XFA| 5L, A WAL 5
| A+ palmitic acid”} 32%= 71 #=41, T2 2 oleic acid
7} 19%, EPA 9.7-36.5%, DHA 4.6-24.8% < © & =t} &
] Jth(Virtue et al., 1995; Cripps et al., 1999). 12|11 Cho et
al. (1999)2] &1to] oJ5hH .4 2] A A S0f| A] palmitic acid
7}19.95%, EPA7} 16.14%, 18] 22 DHA7} 14.09%% VFelst
t}. E3} Yoshitomi and Nagano (2012)2] oA} =& 2] 7|
HFAF 2A4)2 palmitic acid”7} 15.6%, oleic acid7} 16.5%= &
St B oska Qick. A&yt 3o A 242 v wet
o] ¥ B ax|upalke] o] =11, 71 Zof A linoleic acid2]
Sgo] 38131 EPASF DHA 9| gH2 R A SA = it o] 2igt
Ate Sl J7HE o2 AEAd AR JFe s Azt

5 olojAt =4
1Ak 2400 e 23 Table 4f LiEhlg)
ot At

AF shES 2,132.7 mg/100 go| AL,
F9 olmlAS 2= glutamic amd (18.1%), aspartic acid

QFo] AA| oAt &7F9] 38.3%E AFA|31ATE. Chen et al.
(2009)7} Gigliotti et al. (2008)2] ¢17Lo]| w2 Tt Ao
71 gheFo] w8 ofu| i ARS glutamic acid® 116.7 mg/g ©|
11, 1 o232 2 aspartic acido] 106.3 mg/g©] it Mohr and
Saether (1987)2] Lol A% glutamic acid®} aspartic acid,
glycine, alanine, lysine, leucine®] g&Fo] w7 Uebyitt. o] 2
= Uz ofn| Al U] Aufel ulslsict.

ol ol 418 zi A el Aeol L ol 2
536-2,400 mg/kg Lo E4E Th o}jl 3151, A2
Sk muscleo]l= 4.5-570 mg/kg &
(Soevik and Breakkan, 1979; Adelung et al., 1987; Sands et
al., 1998; Moren et al., 2007; Yoshitomi et al., 2007; Xie et al.,

2012). FDAO|| wt= Ao Abg-Sh= 2O B4t daL
7122 100 mg/kg ©]3t& 3}l QTHFDA, 2012). 3 = A|

Table 5. Content of fluoride in instant krill Euphausia superba gruel

Items Contents
Fluoride (mg/kg) 3.07+0.20
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Table 6. Hunter color value of instant krill Euphausia superba gruel
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Table 7. Sensory properties of instant krill Euphausia superba

Items Hunter's color value gruel.
L 46.32+0.57 ltems KG-1 KG-2 KG-3 KG4
a +0.88+0.30 Appearance 6.0° 6.3 6.0° 5.8
b +13.2340.43 Flavor 6.7° 4.9° 6.5% 5.6
Texture 5.32 5.0° 6.12 5.562
Overall acceptability 5.6%° 4.8 6.8° 4.2°
2 54 $HEF0] 3.07+£0.20 mgkgl 2 W¥ekon FDAS] 4]
F9| Fash il 7| o]skelth
e 2919l
Mo Shear rate (Y)2] Z7}o]l w2 shear stress (1)@} viscosity (1)

9] M= Hunter lab color scaled] w2} Table 6

o Yelyich 389 Mx= Lgho] 46.32+0.57, agho|

+0.88£0.30, bgro] +13.23 £0.43 2.2 YElytth 252 Al

= A7) AT XRE Aol GRFo 2 Lko] RA YEalb
ol =7 4 = qlck

FELM

|

QIAEE a8%o| detg A7Hs Fig 10 Yepih 55
Z 70| A shear stress (1)5 05-E] 307HA] &80 7 =
A ZE o elasticity force (G")x} viscous force (G')<] H@}
Hakskieh Al =9 §H/d+= shear stress7} 575 w4
ol a1, A A A8 7451} Shear stress7| 2.512
g ol 4] A|=2] Bhi7} Polupm 1 wrk ke el v
—44 39, 1 Hrt 2 992 g o yeth 4
el 4 elo] ol Ael 4552 626 Past 34513
o}, Qrol A =43t H|u}y] g 9 shear stress (2.0 Pa)of|A] &
L(55C)YE YAsHA FAIsFHA AlZtol| wHE shear rate (v)<]
HI3HE ool AT1E Fig. 2 of Leh 2tk 60% Bt 25
stressS 92 ) 2 Y=L shear rate= I 27}t 1
T} stressS H33L 902 501 shear rate] 3= 2519
t}. Shear rate'= 13.89 Pacf| 4] 13.39 Pa&® %+ ZAasHA|4l A
S0 Al B E A ol ol QAHE AU A4
QgL ool ] 3t Ao WY &

m&hmlm_}ir
e

3 recovery force”} ¢Fgt

9
. —e—G'in Pa
o) —»— G"in Pa
LI i
o et
£
o
- 3 i
O of
L
0 . . . . ' '
0 5 10 15 20 % %

tin Pa

Fig. 1. Change of viscoelasticity as affected by increment of shear
stress in instant krill Euphausia superba gruel at 55C.

9] W3}o]| W3t A= Fig. 39 YelYict. Shear rate?} 5
7¥81H shear stress= $17] 5718kt HHH viscosity+= {F4
599t Shear rate 40 1/s 0|52 viscosity:= 0.46-0.78 Pas®]
BN SR Sol AL P8 Aol e ol
2|32 42| A7) 7} Ao} Al 42 oA th(Yang et al., 2007;
Kim et al., 2010).

t
o] B 7} A3}t Fig. 49} Table 7] VreRH e 2

2 ufjghe] A2 _r]'cﬂ— APAlsl o g 988 3haf 2o
= 7R whE u_o}oq 7] % vjghu| S £ o}-
298 30 g8 ArholelS ), S AL EoIeS

B2 30068 WA W B8 7 5ES kg
™, 712 W& 7|02 XF v el 285kt =2
9% Wl $7, B W TReka Al 35
=9 F70l w2 BEE7HE AAlskelH 4a7] 23S 37t
gt AR (KG-1), thAnF 2255 A7HE A R(KG-2), 7142
PA SRS W ARKGS) DD ALE 35S W)
S A 2(KG-4)ZE 7|3 =& H7I5l3 T} Appearance®) texture
= BE A RA FA7} ¢l ATE B3t Flavors )31
7] L W7 KG-13} 7h4 02K 07| A5 H7H5KG-3
o] T2 AlRe} u]ato] f2l2} QLA 715w 7 A hepde,

I
o

A
\J

e
olr

=
=

at Tﬁ
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MJHHU
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£ 8r
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Fig. 2. Creep and recovery test of instant krill Euphausia superba
gruel at 55C.
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Fig. 3. Change of shear stress and viscosity of instant krill Euphau-
sia superba gruel as affected by increment of shear rate.

overall acceptability+ KG-30] 6.8 2.2 32|12} Q17| &2 7]
SEE e gich A4 B 7] Ao dig 42 v
wate] 74 71 2 w7k 2 vt = KG-30] itk

Park et al. (2007)2] Q1o A= X4, aagin], ZHusu)of
uhE P57 A 91 4 vhebglom, arn el 7
S =7} 714 =7 YebT) Cho and Kim (2009)+= A&
of ol wh2 Fo| P HIHE A ST A 3%5
Wohe %9) 7| 5157} 714 7 Vet

YL AZ 0 70l 0|8 E o]7| 95l 2L 0] 83T} ol
ABE YRS A 26l I GPAET Ba|d, 55 EA

& WSl 2Y50) VAR, Al A, Ao A, of

nieit 24, B4, 24 BEEHE AAlsGIth 29
FE 87%0] 8-S FRBETL AL, BF2 100 gF 51 keal©]
ATk AR 0.1%2 Rekew, Ak 240l Ears}

A ®AHoleic acid, linolenic acid)®] H]5o] =Qkt). ofm] At
9] $=F2- 2,132 mg/100 go] 1 1L, glutamic acid, aspartic acid
o Fo] 7 3kt AEH0] =4 FF2 3.07 mgkg o2
FDA 7] o]&}9it}. A d = 9] HebA-2 shear stress 2.51 Pao]|
X625 Pa ZHE|Ith P57t AL RO HA 2EES
Wohet 2% 7|57} 714 7 ek,

o)

Al AL

Adelung D, Buchholz F, Culik B and Keck A. 1987. Fluoride in
tissues of krill Euphausia superba Dana and Meganyctiph-

Appearance

Overall

t
acceptabi \

Texture

Fig. 4. Sensory properties of instant krill Euphausia superba gruel.
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