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Effect of an Astaxanthin—supplemented Diet on the
Nutritional Composition of Rainbow Trout
(Oncorhynchus mykiss)
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This study investigated the effects of astaxanthin, which is used to improve the muscle color of fish, on
the nutritional composition of rainbow trout (Oncorhynchus mykiss). The trout were fed extruded pellets
containing astaxanthin (pigmented rainbow trout) or without astaxanthin (non-pigmented rainbow trout).
No significant differences in the contents of crude protein and crude ash between the two muscles of
the two groups were observed. However, the crude fat composition of the muscle of pigmented rainbow
trout was about two times higher than that of control muscle. In the muscle of pigmented rainbow trout,
the contents of docosahexaenoic acid (DHA, 22:6n-3) and eicosapentaenoic acid (EPA, 20:5n-3), which
are functional polyunsaturated fatty acids, were 1.6 fold higher than in non-pigmented muscle. In addition,
the contents of minerals such as Zn and Fe, vitamins (B group, C, and E), free amino acids, carotenoids
and astaxanthin were increased in the muscle of rainbow trout fed pellets supplemented with astaxanthin.
Specifically, the content of the bioactive compound astaxanthin, was increased six times in the pigmented
muscle, as compared to the control muscle. The results suggest that a diet supplemented with astaxanthin
improves the nutritional composition of rainbow trout muscle as well as improving the muscle color.
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e, dolgel $4 AAsL AnlAe] AEE
7)ol mEEte], I tieto & ALF carotenmdﬁ] —Eﬁ:a
H7rste] oA HA Fo RN AolfFot 7L3 521
;q]/\ﬂ s} O—]_’]__]_;(}_ L = g—]_od];} Nxﬂ D}OEEL 1:1] )\gg’
o], ae), 21 & 5-& carotenoid /| "—Hii A
At & ¢ AT, oFe AFAT F fiv] wiEd
carotenoidZl A 20] HFE AH o2 AL oJEslof drfar
B3 It} (Tolasa et al., 2005). 53], 6001F ©]4}2
carotenoidZl M4 FolA ofF e AL JAdste =
astaxanthin® canthaxanthin®] &34 o] (Ellis, 1979), 1 &
astaxanthin®] A7) $}&-& AAA 7= o] & ol
= A7 Rk 91 (Henmi et al., 1989). ¢} astaxanthin®©)
canthaxanthin@+= T2 A hydroxy 7} 9} keto71 & 7FA1 3L glo]
Fol5 o] Adto] §o]3t7] WiEo)t (Henmi et al., 1989).
o] & ATANRE FHojFe AL ANHAF) 7] {8 ARl
2|4 A 4 9) astaxanthing H7FeHAl Ttk o5 ddlA ¢
astaxanthin®] =218 Al 9] ZAT} A4 FhaE 2 Fof 7|7t
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wel 4] FREEE AJUFoR s fok 535 A
ol2] FFF 100~300 gH-E, astaxanthin® A8} 7 Hrlste]
e S AHAAIE S0l w9 AT oS vehy
Al A}, Astaxanthin® carotenoidAl M AE A Es)A AW S
AAstALE o, Behy AAES kG 3EEAY free
radical & AAZ= 59 750 wl$ Holuh (Krinsky,
1989), =3 Ate] £, Fv] a3, W) E43le
=& A2 Y AA (oxygen free radical scavenger)oll <5t
2 (Gomes, 2007) 2 =3}214] (El-Agameya et al., 2004)
Y F8g A 9ES 3o RuET Qi o) e
geFet AHEAS R YE  caroteniodA AMA L
astaxanthin®] 7ol 3] SFA4H FAMN $o52 Z$ 0]
59 Ao wx= Gl g A7t grEelr 7isAd)
FEFE PR = RS B4 gigk A4 vnE #Holt}
(Buyukcapar et al., 2007; Ha et al., 1997). ©]o] & dAFqr=
astaxanthin®] $-f-¥ ALE 9} UWIAIEE Folg TR/ o
FollA ARk 2 AR B JREQ] ol the) vl ws}
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Aol AREE FA) Fols BAAER A A9 7
A ol FAFeIN FHE AN Folg AT
Astaxanthino] F7}9 vjgALgE FAE F2)7) Foli= 2
% (pigmented rainbow trout), M7t H7} Ho] 9lA] ke
AteE FAE FAN Fole BIAMS (non-pigmented
rainbow trout) O 2 22} 0.8 kg =2 A A 82 T oA A
%, semi-dressed A 2]3}o] W3l (-80°C)0l KA HE
o AFe-sheiC

Table 1. Nutrient contents of extruded pellet for rainbow
trout
Nutrients contents

Percent (%)

Crude protein 450
Crude fat 5.0
Crude fiber 4.0
Crude ash 15.0
Others 31.0

Table 2. Astaxanthin content in extruded pellet for rainbow
trout

Astaxanthin content (mg/kg)

Weight of rainbow  Particle - -
trout (g) size (mm) Nop-plgmented Elgmented
rainbow trout rainbow trout
5-10 16 -17 0 0
10 - 20 22-23 0 0
20 - 40 33-35 0] 0
40 - 100 44 -46 0 0
100 - 300 55-58 0 3
> 300 g 6.5-6.9 0 4 -5
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F-2)7) &o] ARSoll AMS-E Wi ALE (Table Dol X]o]2]
A 0.1 kgB 2D W E astaxanthin F7H3F AR E Fol
Sttt o] wl AFol w2} astaxanthin®] &#o] GTA A
Hed), 3] Xol= Table 2014 2 4 Slth
SVEEISTIN

AuLAGE AL A0ACH (19959 28] 2L 105TC
At Az, ZAHE soxhletH], AW AL semi-micro
Kjeldahl, &35 AA3sor EAs9nt

S0{g2| Felotol=dt M

Fotu] ke Al F 5 goll S-sulfosalicylic acid 0.5 g&
H7bsle] Aldeia ]l & AAEE (3,000xg, 15 min, 4C)3FA
v} AHE=oNS 02 wm membrane filter® 33 THS lithium
citrate buffer (pH 2.2)Z YA 343} o]AL FHHo =
o) :=AF Z}EE A 7] (Hitach Amino acid Analyzer L-8900,
Hitachi Ltd., Japan)E ©]-&3}lo EA3l4 T
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AL Cetin et al. (2007)°] W&ty Aioz {F71dS
4 Ealste] AgE 2AF O 247171 Optima 2100
DV ICP-OES (Inductively Coupled Plasma Optical Emission
Spectrometer) (Perkin—Elmer Tnc., USA)Z AF&-3}5t}.
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A upak 249 B8 98] A|&E Bligh and Dyer (1959)°1
e} 1.0 N €384 KOH £402 733 thS 14% BF39)
£3)% methanol 3 mL)S 7F3}aL 3% 71E (100C, 10 min)3t
of At g 2E 28 sto] 24801, o]E Supelco
AFS) SP™.2560 (100 m x 0.25 mm ID, 0.20 xm)S A&3
Agilent 6890 Series GC (Gas Chromatograph) (Agilent
Technologies, USA; detecter, FID)Z #4350 £4x21L
injector & detector (FID) & =5 Z+2} 250 CE 3, 2H&%
= 240CHA 21, 1287 §-A8H U Carrier gas=
N, gas2 AFE-8}91.0. 1, split ratio= 20:12.2 S}F T} A HF4E
Z42 peak area®] oA HIE e AT

HIENT E $HaF 22498 93] Kwak et al. (2004)2] 2ol
upe} WA g Fo] HPLCE #-431Ath 24192 Waters
Aol X-bridge Ciz (4.6 x 150 mm, 5 #m)S ©]-835}4] Agilent
1200 Series HPLC (Agilent Technologies, USA)Z #2413} 3t}
BB AE7]9] 942 excitation wavelength™ 290 nm, emission
330 mmE o]&EAeH olFdE 1.3%9
isopropanol & 73+ n-hexane &2 F4-2 1.0 mL/min®] %S
M AlEE 20 uLE FYIA

HIEH C, volobal, HIERIB,, HIEIRIB,, HIE}TIB,s ¥
Kim et al. (2002)2] W¥ol wa} A58 AHE 3z
ChromaNixA+] Sunrise Cis (4.6 x 250 mm, 5 #m)E 223}
Agilent 1200 Series HPLC (Agilent Technologies, USA)Z ¥4
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Carotencid| 38229 F=

Fo1% 50 mgg 100 mL WAaZeka=el FHstod 30 mLY
acetone &= ¢H3] L8|A17] & 100 mLE -85 o] 8-
£ acetone® 2 108 343t TE B AD 3 mLS 10 mL ¥
ool HE & cholesterol esterase &4 3 mLL A7}, £33}
of 37C ] FE4lA 5~108- vlth TS FAA 4587 9hS
AAG, G4 B3 F sodium sulfate decahydrate 1| g}
petroleum ether 2 mLE 7F3ke] 30%7F 5 3 3,000 rpmoi]
A 383 948 petroleum etherZ& F3HATE A g
H petroleum etherd& sodium sulfate anhydrous 1 g©] 714
10 mL 4] dol ol @4AI7|aL petroleum etherdS
AEseted 1E T acetone 3 mL F7Fske] &g
& S AEEdeR st FF Fof) ARSI
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Astaxanthn BH2F 24

o] F%¢ carotenoids FFHES Kim et al. (2008),
Darmoko et al. (2000)l &} Agilent 1200 Series HPLC (Agilent
Technologies, USA)S ©]-&3}4 astaxanthin &8 FA41-& A
3Act. ojuf ARS8 E4A & Cy YMC Carotenoid column
(YMC, Wilmington, NC, 4.6 x 250 mm, 5 x«m)°|1l, H&7|=
UVivisible Z7] (474 nmyE AME-3Y 45 1 mL/minZ S}l
ARy REE 25CAA, olFdore WEE,
butylmethylether, 1% A4H&-U-& gradientE o] 415t A ).
YR EFEZE trans- 8-apo-8 -carotenal (Sigma, MO, USA)

2 AT,

3y o g
Z0{ e UEINME Hat
FA) $o]52] Ut R 24 A3 Taple 39 vebd

=
npe} o] i halg W 2852 HIZAS (77.70%;
18.50% % 1 A5 (7329 %, 20.49% H 1.35%)00 A
WHTHE zto]E HolA] gtttk ey A Zg AaE
A & FAN Fol= 3.01%, ANE FA) Folv 752%E
el A= vE S vle)A] A A g ko] an) o) ad
< Aog VEREY o= At H7HE astaxanthin A
FAN ool 19 A AlRE B 7] Ay
+ Park and Kim (1996)¢) H 318t 2% A7) 4o]8-2]
IR B4 Al viasklS o e (1940%)% 3%
(126%)2) -9 Z Ao} gIAARE =8 (69.02%)3 A
(9:39%)ll A= Tk ko) Apolzh vhebRTh o]t o] fe
AR ARSI Y] Rpolo] whE AR AlgECh
F0ig2l welotolett ME B

Astaxanthin 7}l 2§k Fol&o] Felopueit 24 WHe}
£ FAT 243 £4E 24F9] fElobu)inate] e NS
©] 11202 mg® 2 HIZAS (9333 mg)ll ¥l8) 20%0)¢ 57}
G (Table 4). BIZ2-8-0)| &= anserine, glycine, histidine,
taurine, hydroxyproline 59} ghako] =km 2l E 4080

X1 anserine, histidine, glycine, alanine, taurine 5 %] $aFo]

o Aoz B4 FHAh 53], A8 o] A HFA &
v &) anserine® TFo] 28] E AT Lukton and Olcott (1958)
oJsl AolF2] oJHE anserine©] FH-E AL Hilg v}
glom, B 7o) Ano A g o} Zol Al anserine?]
gteFo] = VFEITH Anserine 1o} o] 9lo &= Thefo] R
Aolf, Y FAE wol BXde Aoz dEA st
(Suyama et al., 1970). ¥} anserine YWHd =R 3] F4]
o7 EA<l olx A B¢ e Ao A4 e
(Marit et al., 1995; Suyama et al, 1986; Abe et al, 1991), 5o
BN A AaS aRF R FIAT e dFeEE
vebditka Barska 9lo &9 B& 38 {88 dRe
2 288 AOFE JUH= AR (Haris et al,, 1990).

Table 3. Proximate composition of pigmented and non-
pigmented rainbow trout meat (Unit : %)

Pigmented rainbow

Non-pigmented

Component rainbow trout trout
Moisture 77.70 £ 0.45 73.29 + 0.43
Crude protein 18.50 £ 0.33 20.49 + 0.58
Crude fat 3.01 £ 0.69 752 + 137
Ash 1.54 + 0.08 1.35 + 0.23

* Values are means+S.E.(n=3).

Table 4. Amino acid contents in pigmented and non-
pigmented rainbow trout meat

Non-pigmented
rainbow trout
mg/100 g %

Pigmented
rainbow trout
mg/100 g %

Kinds of amino acids

Phosphoserine 0.05 0.05 0.04 0.04
Taurine 7.12 7.63 3.77 3.37
Phosphoethanolamine 0.07 0.07 0.06 0.06
Aspartic acid 0.41 0.44 024 021
Hydroxyproline 1.60 1.71 041 037
Threonine 0.81 0.87 069 0861
Proline 0.64 0.69 032 028
Glycine 17.37 18.61 518 462
Alanine 0.00 0.00 4.08 364
Citrulline 0.00 0.00 0.07 0.06 -
a-Aminoisobuctyric acid 0.1 012 012 0.1
Valine 0.04 0.05 1.01  0.90
Cysteine 0.00 0.00 022 020
Methionine 0.38 0.41 0.28 025
Cystathionine 0.24 0.26 028 025
Isoleucine 0.37 0.40 0.43 038
Leucine 0.96 1.02 1.04 093
Tyrosine 0.72 0.77 0.76 068
B-Alanine 1.01 1.08 053 047
Phenylalanin 1.02 1.10 094 084
y-Aminoisobutyric acid 0.03 0.03 0.00 0.00
Ornithine 0.08 0.08 0.09 0.08
1-Methylhistidine 1.51 1.61 0.00 0.00
Histidine 1556 16.67 10.82 966
Anserine 4273 4578 80.12 7152
Arginine 0.51 0.55 0.53 047
Total 93.33 100.00 112.02 100.00
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Zh4 A v H g0} B FheF 24 AT, Fes} Zne
g RR)7) 404 (721 mg/100 g; 1431 mg/100 g)o| HIZ
AE (2.67 mg/100 g; 2.16 mg/100 g)oll B3 2+zt 3uf 2 7u)
BAAT K, Cat Mg9] 7390l = 8128 (151627 mg/100
g 55121 mg/100 g; 153.40 mg/100 g)°] 245 (876.56 mg/100
g; 149.09 mg/100 g; 101.92 mg/100 g) Rr} th §hfr-gko]
Ee ASE B4 AU

Fedt Zno] 7Z-5- QIAS] 217 iAol o3l a3 mj#
F7IAE = 49 19 AHFHS 47 12 mg S RaEn
A} (ol ok A= 2000). b ZFHAHE $o]S 100
gl Feol Zno 4d AZF 247 60.1% 9} 1193% =
AHete A7) Qo] o A8 U FFUoEA
g AaAetar & 4 ok

Table 5. Mineral contents in pigmented and non-pigmented
rainbow trout meat

(Unit : mg/100 g)

Non-pigmented Pigmented

Component rainbow trout rainbow trout
K 1516.27 + 0.37 876.56 + 0.22
Ca 556121 + 0.16 149.09 + 0.24
Mg 153.40 + 0.33 101.92 £ 0.23
Fe 267 + 047 721 £ 0.38
Zn 216 + 0.19 14.31 = 0.17

* Values are means+S.E. (n=3).

SH=S| X|Ehit =N gt

253 v 2 Kol 242 2159] A ukle] B gl o
o 2 AR Aol= A §IAT (Table 6). 282 Zabx(wt
30.3%, 254l 32.1%, 8 37.6%2] A2k 248 UER)
R, BFAZe FahAEE 31.1%, B 28.1%, Zgq
40.8%°] it X3pA L] A9 w283} 2Ha o)) A Zhz}
8% TAHR e T AlFdA Cl6:0 (Palmitic acid)©] 19.7%
2 71 =2 H1S-S XA B s B 2Hag o) A
6%, A Foll 4] 5% FHHAAL, CI8:1 (Oleic acid)7} 77}
194%, 253%= 2AStE lgo] Eokd). Zelale] 2% vj&
AFo A 7F, ZAFA A 8F0] FHHAI, RGN =
€22:6n-3 (EPA)7} 19.7%, ZHA15-ol A& C18:2 (Linoleic acid)
7} 181%=Z  AFAF= HlEo) 234} Park and Kim (1996)°]
gk A 2 A7) Fojo] Agat 24 Ay} (23}
A5 30.7%, 29l 40.4%, ) 23.4%)9} Bl ER S u)
Ex3 Ak 2o A thaizte] #olr) Ueled o=
T AEZR AR O] Aolo] mbE Axlz AlgdUh

2 Ao EA400 ALEE A So] B¢ AR A
Aako 2 Q17]7} 0= DHA (22:6n-3)9F EPA (20:5n-3)2)

TS AA AY e g A 299 fo R Hlws)
B A7 g FA7) o] (1.632 mg/g lipid)©] BIFHA 5
(1.003 mg/g lipid)ell W13} 60% H= o} Fa)-§-0] vj2}aGof
B8] EPAS} DHAS} 22 EX3R|vhte] 2h-gel 93t 7154
o] ol Ao Z 7|NHAT} (Mehta et al., 1987).

Table 6. Fatty acid composition in pigmented and
non-pigmented rainbow trout meat

Pigmented
rainbow trout

Non-pigmented
rainbow trout

Fatty acid
oty acs M99 19K 1T g molg i

C4:0 0.1 0.004 0.0 0.000
C12:0 0.1 0.004 01 0.010
C14:0 4.9 0.185 3.8 0.374
C15:.0 0.5 0.019 0.3 0.029
C16:0 19.7 0.746 19.7 1.937
C17:0 0.5 0.019 0.4 0.039
C18:0 5.0 0.189 5.6 0.551
C20:0 0.3 0.011 0.3 0.029
C24:0 0.0 0.000 0.1 0.010

Saturates 311 - 30.3 -
C16:1 6.2 0.235 5.9 0.580
C17:1 0.2 0.008 0.4 0.039
C18:1 19.4 0.734 253 2.488
C20:1, n-9 1.6 0.061 0.0 0.000
C22:1, n-9 0.2 0.008 0.2 0.020
C24:1 0.5 0.019 0.3 0.029

Monoenes 281 - 32.1 -
C18:2 1.4 0.431 18.1 1.780
C18:3 0.0 0.000 0.2 0.020
C20:2 1.1 0.042 1.3 0.128
C20:3, n-6 0.6 0.023 0.5 0.049
C20:4, n-6 1.1 0.042 0.8 0.079
C20:5, n-3 6.8 0.257 45 0.442
C22:2 0.1 0.004 0.1 0.010
C22:6, n-3 19.7 0.746 121 1.190

Polyenes 40.8 - 37.6 -
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soimel siekel B8 o oz
2pA-5 3} H]*‘—ﬂ 9] HlER! 24 = Table 79 e
At Bl e J&L 1 e 2o = 4efzl vletnl B2

735 A8 (016 mg/100 )l A=
e AEHA Qgrry FAZAEA Ll vE E @
C9] Freke HjEAg (8967 mg/100 g 2 EHZ)e) vls)] 24
5 (156.62 mg/100 g 2 3.46 mg/100 g)°] Y53] & Aoz
B2 5 o] astaxanthin 7,57}01] o3 Fol&9 r)FA o] A
H Aeg Hridcg
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Table 7. Vitamin contents in pigmented and non-pigmented

rainbow trout meat (Unit : mg/100 g)
Componert Npgmeed - Pamented,
Niacin 0.07 £ 0.1 1.73 £ 0.40
Vit By 0.37 £ 0.26 0.45 + 0.04
Vit B, 017 £ 016 0.13 = 0.06
Vit Bs ND* 0.16 £ 0.02
Vit C ND* 3.46 + 0.15
Vit E 89.67 + 0.14 156.62 £ 0.49
* ND : not detected.

* Values are means+S.E. (n=3).

Z carotenoid/| SIEME 2 astaxanthin SH2F A}

YA 0 2 carotenoid Al A 3¢ 3akdl o] theks
A7l 8-S 7HAA e BEE 4EA glen o F
astaxanthing EAAAE oF Y348 L) free radical S A A3}
= 59 7Ise] uWl$ ®Holuil (Krinsky, 1989), &=H8
(Gomes, 2007) 2 =3}l 4] (El-Agameya et al., 2004) 59
Yokt AE)EA 715S 7S dE Aoz dEA
ol thafet V)5 AL astaxanthin®EN X5 all-trans ©]7d AA|
oz defA vk a1}, Adel EASE all-vans 01432
AL cis-transB o= HA 01 3AA 3} 5 7) 40, 250
A% QIAAR] ol Z 9-cistt 13-cisE 0] AA3} He Ao
2 A A (Yun et al,, 1999). o]l W&} HPLCE frans-
astaxanthin, 9-cis-astaxanthin, 13-cis-astaxanthinS standard =
i Bk A=

% carotenoidA| FHE-S FMFo] o]H 100 g
mgZ B1ZA8-0] 5300 mg B} 28 o] o Zﬂoi A g
At} (Fig. 1). ©]% astaxanthin AL 2]3] $0] 89 A A3
o] Z71E #vt oy} Kol A EE carotenoids®) TEHE
S7tetthE AT A7 (Gouveia et al, 1998)}% U x)gtc).
Astaxanthin §F2] A9+ 2 *—]1%0] 100 ¢ & 0.0724 mg2
2 v ZAdl o H]?_?H 6 ujf o] FaFo] W53 =9kE o=
2 A 2 Abgell 271 astaxanthin®] 5o o] &4 F7)

-

o 12.818

Eolt} (Fig. 2; Table 8). AW 2] astaxanthin & F7F=
A Aubeke] =7t} 7.8 He o] 9l ow (Torrissen et al.,
1990), astaxanthin®} &0} canthaxanthin'® 5715k o=
A At} (Gouveia et al, 1998). o] $}i= AHbE] Al v]2H4 2

ol ] AZ% caroteniods  astaxanthin> AFZE A 7]¢18t=
Aoz Az

oPge] e FHHAE, Fol Fol ot BN
2] A2 93kl AHEOIA 2 astsanthing] %, o1
o] H4) AT ol EPASE DHASF 22 thyHe 23}
A2k, Fe @ Znd & v 7714, HER (BT, C 2
E), 18] 31 astaxanthin 53 -2 carotenoid Al SHgtE-o] T-F-5F
Z7) Seo] AZEslA T JfAe] FHT ZYshe Aoz BA
=9}t 53], astaxanthine 3-4F8} (Krinsky, 1989) 2 &¢F&
T} (Gomes, 2007)= 7HAIL Q= 715 AECZ dHA 3
F3. astaxanthin®] 71 AIRE 7HA D YAE $o] 59

kst gl @ Al the AgrE AW gl old

o Ho

15

Concentration {(mg/g)

Pigmented
rainbow trot

Non-pigmented
rainbow trot

Fig. 1. Contents of total carotenoids in pigmented and
non-pigmented rainbow trout meat.

Table 8. Contents of astaxanthin and its trans isomer in
pigmented and non-pigmented rainbow trout meat

(mg/100 g)

Non-pigmented
rainbow trout

Pigmented
rainbow trout

9-cis-astaxanthin 0.0016 + 0.0001 0.0009 + 0.0001

13-cis-astaxanthin 0.0009 + 0.0001 0.0011 + 0.0003

frans-astaxanthin 0.0091 = 0.0004 0.0703 + 0.0007

Total 0.0116 + 0.0048 0.0724 = 0.0367

|.S. (standard) 1 1

I.S. = trans- 5 -apo-8'-Carotenal
* Values are meanstS.E. (n=3).
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Fig. 2. HPLC profiles of astaxanthin and its all-rans isomers. (A), standard mixture; (B), pigmented rainbow trout of astaxanthin

from hydrolysate; (C), non-pigmented rainbow trout of astaxanthin from hydrolysate. 1S, Internal standard (zrans- 8
-apo-8'-carotenal). The concentration of standard was 5 mg/mL.
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