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Nutritional Characteristics of Eels (Auguilla japonica) Fed a
Diet of Yuza (Citrus junos Sieb ex Tanaka)

Jae-Ho Hwang, Si-Woo Lee, Sung-Ju Rha, Dong-Hee Jeong,

Kyeong-Ho Han and Tai-Sun Shin*
Division of Food Science & Nutrition and Marine Technology,
Chonnam National University, Yeosu 550-749, Korea

The study investigated the effect of diets supplemented with different levels (0 and 2.5%) of yuza (Citrus
junos Sieb ex Tanaka) on the nutritional characteristics of eels (duguilla japonica). Fish (9.8+1.3 g) was
fed to apparent satiation twice daily for 8 months. There were no significant differences in proximate
composition among the treatment groups, except for the ash and carbohydrate contents (P<0.05). The vitamin
C content of eel muscle in the yuza-added group was two-times higher than in non-added groups (P<0.05).
Among eight organic acids in eel muscle, lactic acid was predominant, followed by citric acid, oxalic
acid, malic acid, and acetic acid. Eels fed a 2.5% yuza diet had the highest lactic acid content in all
groups. Six sugars were found in all groups and glucose was the major sugar. Glucose and maltose were
the dominant sugars in the yuza-added group. The abundant fatty acids in the yuza-added group were C18:1
n-9, C16:0, and C16:1 n-7, which comprised over 80% of the total fatty acids. The major amino acids
in samples were glutamic acid, aspartic acid, lysine, and leucine. There were few differences in the free
amino acid compositions among the groups. However, histidine was the predominant amino acid and constituted

over 53% of the total free amino acids.
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(Kim et al., 2009), yeast [3-glucan
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(Calabro et al., 2004; Cha and Cho, 2001)9} 3HAl3}ls< 2} 3}
#3} (Yoo and Hwang, 2004; Yoo et al,, 2005) & =2 A7+
Bz ok £3 guldA] $AHE S A5 of7t &
gk BH28.6%), & Yol FH3A (26.5%), 41 4
(21.1%)52] =22 YEY (Kim et al., 2003), =44 4H]
9] 71E o] Bt FoAd Bt ofy el A F 2 75 7HA
2HE A o] (Kim et al, 2009), FUeH o7 95351 75
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AW -2 AOAC (2000) Holl whe} 72 Artdd
, AL semimicro Kjeldahl§, Z3]-2 723|314,

% vitamin C 4]

% vitamin C2] #4]-> Romeu-Nadal et al. (2006)2] W of
e} 24Tt 2 AR 25 goll 10% HEFIZHEH 75 mLE
7vske] s 10% HERIAE A O 2 250 mL &3
s, o] 89 3 mLE FAM]ol #$F § membrance filter (0.45
um)=E AAFste] 1 mLE ¥ AE7E AHEelr] fEl FEA
3} 3k AJ& 1 mLol 4.5 M sodium acetate buffer 1.2 mL,
14.77 mg/mL 2,2'-azobis(2-amidinopropane) dihydrochloride 50

uL, 0.1% o-phenyendiamine 500 uLE =318} 56°C =0l

A 4087 WA

+ Table 19 %zl we} HPLC

(Prominence HPLC, Shimadzu Co. Ltd., Japan)% #2135} t}.

Table 1. HPLC operating conditions for analyses of total
vitamin C, organic acid, and free sugar

Vitamin C Ta
Column Nova Pack 4 um Css (3.9x300 mm) ble
Mobile phase phosphate buffer (pH 7.8)
Flow rate 0.8 mL/min 2.
Detector Fluorescence detector (Ex=365, Em=425) H
Oven temperature 30T PL
Organic acid 5
ganic ac
Column Shim-pack SPR-102H (7.8x250 mm) x 2 C
Mobile phase 4 mM p-toluenesulfonic acid op
Flow rate 0.8 mL/min
Reagent 16 mM Bis—Trig aqueous solution containing 4 mM . € r
p-toluenesulfonic acid and 100 uM EDTA (0.8 mL/min) at1
Detector Conductive detector (43C) ng
Oven temperature 40C
C O
Free sugar ]
Column Shim-pack 1SA-07 (4.0x250 mm) ndi
Mobile phase A: potassium borate (pH 8), B: potassium borate (pH 9)t 1 o
Flow rate 0.6 mL/min, gradient
Reagent 1% arginine in 3% boric acid (0.5 mL) ns
Reaction temperature  150C for
Detector Fluorescence detector (Ex=320, Em=430) an
Oven temperature 65C
aly
S e
S
of
tot
al
vit

am

5 47] (Tissue grinder, IKA, Germany)oll 23l
80% °l%hE 20 mLE 7hate] &3k A7 v 250 mLo]
AEZeATd &7 80% ST (viv) 80 mLE 7|3 &
SRzl dAstglnh 82 A 3ARE F<t 3R
FZ3% 5, 6000 rpmOE 30E7F
(Whatman No.l)Z <7s}$it) o
(CCA1110, Eyela Co. Ltd. Japan)& ©]-& &
EAA oF 1 mLE F53 F SFTFE AHES] 10 mLE
23} } o] £l 3 mLE 045 um membrane filter2 o] 3}
ste] F71Ak fejde] B4 AER ARSIt W] <
F71ak 2 f2lde Table 19 ¥4 Z7o] we} HPLC
(Prominence HPLC, Shimadzu Co. Ltd., Japan)Z 2] 3}3it}.
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%% 2 Folch et al. (1957)¢] HHi ol what
7] (Tissue grinder, IKA, Germany)Z w}2]| st
hloroform-methanol (2:1, v/v) &8-S Al&52] oF 108 7}
3 E3elal ek A s WA & AT Ae A ABE
3}% chloroform T8 T Na,SO.& B AIA|A F=
3th 33 & F FF5VIE 553 o AHE 15%
BF;-methanol &S AR&3l= AOAC (2000)% ol e}
methylations 3}tk A HAF #412 gas chromatography
(Shimadzu GC-2010, Shimadzu Co. Ltd., Japan)E A}-8-3}51
™ columne SP-2560(100mx0.25 mm id, x0.2 um film
thickness, Supelco Inc., Bellefonte, USA)¥} oven®] &% & 15
0°CollA 5%7F &3 3C/minZ 5 A1A 250ColA sE7t
A BT 2R Al = AES AFESEe] 18 cmfsec®E 45
AAEF o split rate= 1:500.% AT FID (flame
ionization detector)® A|WihS 71 E3H1 AL o] o injection port

shFIDS| &1 72 27005 250C R Sl
& obv At

Mgz o
i o
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AgsFete] Ahs s FRAIT F, FANUER
A (pH 22)S AH83F 25 mLE 3|43 0
membrane filter2 ] 3}3Fo] EAA R Z AL T Foln]
SAE AL o ieal AHEA] 7] (LC-10A/C-R7A, Shimadzu
Co, Ltd., Japan)E Ah&3te] FFHZE71E ©]&3F= OPA
(O-phthalaldehyde)H &2 Z 43} Th Column< Shim-pack
AMINO-Na (6.0x100 mm), buffer flow ratex= 0.6 mL/min, OPA
reagent flow ratev 0.3 mLE AAsto] A5 on FJHE
719} o37])9b4-2 350 nme} WAL 450 nmE AHE-FSIT)

Sl ohv] At

Frefobr ik EHT AR 5 g8 FFdto] olehE 30
mLE 7}8}al 27| (Tissue grinder, IKA, Germany)Z w2 3}
g T 4TolA 2447 BA BT o] BAE 1587 A4lEg
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(9.500xg)ste] FT-ots wefstivh. thA] A Aol 70%
ol gk 30 mLE 7}ske] & 2 4
Lo} 40°Cell A 7553t
g oH=E o 3 A
o Hold ol 25& FElgte] AHE AT o] S
TA] 29455 3kaL lithium citrate buffer (pH 2.2)5 ©]-8-3}¢]
25 mL2 343}l t} o 7] sulphosalicylic acid 1 g& ¥ al
2 293 & ghdol 1ARF WA ste] TS A
o] §dE AT F 4S5 HE 045 um membrane filter=
1 AN A8SsT feloh it
#297] (LC-10A/C-R7A, Shimadzu Co.
on FFHE7]E o] &3t= OPA
(O-phthalaldehyde)} .2 =43} th Columne Shim-pack
AMINO-Na (6.0x100 mm), buffer flow ratex= 0.6 mL/min, OPA
reagent flow rate= 0.3 mLZ AAste] EAson JJHE
7191 71 9L 350 nmok WA 450 nmE ARE-SFA

%
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A A

RE AL 33 R Jo A2 e Ylen, 24
7152 SPSS (Statistical Package for Social Sciences, SPSS
Inc., Chicago, IL, USA) software package (version 17)5 A}-8-3}
o] P<0.05 =14 Duncan's multiple range test= 24 &
HZ39 ) (Lee et al, 1998).

4% % w2

AR

FA7E 2.5% 7 AP E AR WAdo] o] dRkAdE &
o FHol 62.9+1.9%0]lom, ekl A o] 18.1+0.5%, FA]
Who] 17.240.4%, 3]8-0] 1.3+0.0%, B30 0.540.0%= 1+
Eljo], At F37F wigol e vl i, 2did) 22
M= 97 Aol7} gl o (P>0.05), 3| E T} gH3}Eo

o
2
o

= 421 ol & YEFATE (P<0.05) (Table 2). ©]&
T T2 ol AYATFAA X, Paralichthys olivaceus

Table 2. Proximate composition(%) of muscle in eels fed
different diets"

Proximate Hampyeong Yeonggwang

composition

(9/100 g) Control Control 2.5% Yuza
Moisture 63.0+1.2 63.1+1.5 62.9+1.9
Crude Protein 18.1+0.4 18.3+0.6 18.1£0.5
Crude lipid 17.120.2 16.9+0.4 17.2+0.4
Ash 1.4+0.0°" 1.420.0° 1.320.0°
Carbohydrate?  0.4+0.0° 0.4%0.0° 0.540.0°

YValues with different superscripts in the same row are
significantly different at P<0.05 by Duncan's multiple range
test. Values are means+SD (n=3).

ICarbohydrate % = 100%-(moisture + protein + fat + ash)%.
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o fAE dAIF oz HUtsle] A Ut
A o)A 2Fo]7} Gl (Kim et al, 2009), Akl o
e vitamin CE 718k ARSE GA AR Lk
A= 97 2ol 7t ¢tk Bl (Jeong et al, 2003)9} H| =3}
ARE Bl B, 3o A oA zlolE B & AT A3
o} ZFol & YRS 28 Z 3] B2 Sebastes schlegelioll
A= L-ascorbic acidg @AAC2 H7lsk REA] AL R 47
AR AR AR BN E i, 2uE,
A A AR ol = PR o, St A= o A%l
2polE Hol Ao R HIEo] (Bai et al, 1996), & AT A7t}
A== AFE ek o]t e gXx]9 A7
ol A/ E v wA U wH 23 By} iAol =

87N o]de] 7] AbFolAthE Aol S A AL QLo
A|&21Q1 vitamin C9] 713 A7k 3ol dFS =
Ue Ao FAAY. 1ev |dxeF 2uEE, Ao
thE 3 742t S| geet Gl A AR E = 2
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4859l W37k of el % B okt §247} vitamin CF vh
ek glovh, 1 sle) 74 BAE EASE BE 4%
7
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2 213k 352 A}o] 7} vitamin CY P 3L WEgkE=X] o
o

FAHE 25% H7FEE AbR R ARSEE WAoo 25 o] vlE
9 C $HFE Table 30l YERAATE -4} H7MALR 2 AMSS
Wgol &% ol HE C %S 2.240.1 mg/100 gO. =,
Ak W] AR E ARGE Mol RTh FojH 0w A LE}
B} (P<0.05).
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Table 3. Total vitamin C content of muscle in eels fed different

diets" (mg/100 g)
Hampyeong Yeonggwang
Control Control 2.5% Yuza
Total vitamin C 0.940.0° 1.120.0°" 2.2+0.1°

YValues with different superscripts in the same row are
significantly different at P<0.05 by Duncan's multiple range
test. Values are means+SD (n=3).

Yoo et al. (2004)2 A W HIEFR] C 9FE2 88-107 mg/100
gl & W15 01, Kim et al. (2009) HE}Y C §Fo]
7201 mg/100 gl PHA| Ake] s @AH o= Hotske]
493 AR 91 9] 5 Ul BlE C SRRe] frel Ao
ket e, Artego] &5 AW HEN C e
F7hetta Haskqivh & ATl A E 2.5%9 frAE Hot
gk ol o] ek C o] mIATE AFRE AR Wiol
B} oF 2w A vEbt e, o] Ak g oAl
b FAHE 2.5% A7FSESLE wo fAReE A3E vERT
(Kim et al, 2009). o5l lof =2 ] HIE] Co] FYSJHE
YERE A x24T ZF (liver)ZF 4] (anterior kidney)2] &%
7} 2 A8-E X7 (Halver et al., 1975; Thompson et al.,1993),
Bae and Gatlin (1992)¥} Bae et al., (1996)> 2 v 7] 9} Z3] &
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2 b vl HlER C @Rl Eom 2 ) WEk cE Aol

olftolA] =8 v WER € $Ee) SHAR AHgE F glrka

Btk olsh e Avbe 2 W7k kel weh

7 sz uhet Auel
T

X
F71AE el A 1 A7E Wl vk wgelsh
s el o R oA LebtTh (Table 4). o] 5 Fol 4
propionic acid, pyruvic acid, fumaric acid, malic acid, citric
acid 53 2 TFFEE {7|nto] HEHW, AL wiFol oA
& propionic acid, butyric aicd, valeric acid, oxalic acid”} F=&
f-714Fe] ™| oxalic acid, fumalic acid, maleic acid, tartaric acid,
citric acid= 4 &) 33t Z oz B uE T} (Yang and
Lee, 1984). ¥ At A HE% WA §7]2H lactic acid,
oxalic acid, citric acid 5°] T2 HEE o, AAr wWizto]
oA F8 7|2kl I butyric acid, valeric acid® A& ¥ A
eFol fr71aF 243 EFoll A 2 ApolE HITh 53] lactic
acid™= o] AellA HEZo] 7P =%on, 11 AE%ol
A5 2.5% A H7F W17 135.843.1 mg/100 g = -2 A
o7 o 7S JERAT (P<0.05). Kim et al. (2009)S 52}
& A7 99 lactic acid FEFS AALE HA) 9} v =g
e BYlom, 25% FAF MU 7P =2 ahs UERA
Ao g By B Ao A= FAF H7F W] 2] Jactic
acid o] A} F-7F WA BT T2 7S vER A8 A
o 2= gAe fAE AaE YRSt ol /el {71 EF
2 o F W, AT WA ZA, SAYH wEt dgS

Table 4. Organic acid contents of muscle in eels fed different

s Ao AR om, lactic acids o7l SAE S
o) ggo] AR AL stresst} +oFo] BE vl = I
< YER, WAFo]F} AASo]FHT} v o7 oy
A ok B=gk 35 A o] 7o A% lactic acid ol 1%
oS TR W ot WMASo{F H9- 0.2%0) S
et w % Brkal BHaE ATt (Park et al, 1997). 2 ATt
e §

2 T2 7F WA E F {714 F lactic acid7h

om, {2} H7} WAoo A= 60% o]
< YEh 3 o] §A H7PE 171 771 1 F
lactic acid®] el JFS v H o FekEc)

el

2 AT BE W] el A 3 F 6717 3F
How HEHoH, T FEdS A H7F W7t
89.5+2.2 mg/100 gO. & F37} Wigo] B} fFoHo s =%
©.™ (P<0.05), glucose, maltose, ribose”} 3 7112} 1] nL 3|
= YESTE (Table 5). 53], glucosedl A A+ A 7F++7}F
79.0 mg/100 g2 F-HI}F R 1.5~2.08] o]/ Aol
YERAT ol Fo 8 FElES glucose} riboseo] ™,
glucose™ AEFHAA &5 Fol FIF SAH, A
glycogen S 2 F-E @ Ao 23] 3= o] F715ke] (Park et
al, 1997), oA Aol FAAIZE, B Ze] et ¥ahe=
Ao R ®Wiwo] Utk (Kim et al, 2009). @0 FAFS G713
o2 FHrtste] Folatdls o, AU FEl g AolE LEh
Ao}, glucosedl A= 5.0% F7I8l T 72 Z Q0 Aol& 1
o2 T HoF HIHATH (Kim et al., 2009). 12t}
Aol A A2 A7F Wgele 2 FEd i 55
glucose2] AEFo] 1.5~2.08]0l 7}/ 2Fol & Ko, dX
= o2 A%E YERo], §A3 77 Wl glo] 43}
9] o] &S TV F U= VAR HMAT 5 gls
2 deEnh ey, g4xef wigele] A3 3o =
F AR 270 wE WEte] Vs R wiAE g gls
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Table 5. Free sugar contents of muscle in eels fed different

diets" (mg/100 g) diets" (mg/100 g)
. : Hampyeong Yeonggwang
Hampyeong Yeonggwang Organic acid Control Control 2.5% Yuza
Organic acid Control Control 2.5% Yuza Sucrose ) - -
Oxalic acid 325:07°)  43.8+1.2° 39.3:0.9° l\CAelllobiose 23m00" 6o’ 6.620.2°
. . a a altose .30. .110. .60.
Citric acid 34.11.0b 39.840.9 40.1:0.8 Lartoce i i i
Tartaric acid 0.320.0 0.3+0.0 0.3x0.0 Rhamnose - - 0.1£0.0%
Malic acid 3.240.1 3.240.1 3.240.1 Ribose 0.240.0° 0.240.0° 0.4+0.0°
o a c b Mannose 2.10.1° 1.240.0° 1.8+0.1°
Succinic acid 1.240.0 1.0£0.0 1.0£0.0 Fructose 3.4+0.1° 1.3%0.0° 1.4+0.0°
Lactic acid 79.3+1.7° 98.12.7° 135.8+3.1° Galactose 0.2+0.0° 0.4+0.0° 0.3+0.0°
Formic acid 0.5+0.0° 0.5+0.0° 0.6+0.0° Xylose o - -
. . a a b Glucose 57.6£1.7 34.41£0.8 79.0£1.7
Acetic acid 2:2£0.0 2220.0 1.9£0.1 Total sugar 65.8+1.7°  43.7+0.9° 89.5+2.2°
Total acids 153.2+4.0° 188.8+3.7 222.2+5.6°

YValues with different superscripts in the same row are
significantly different at P<0.05 by Duncan's multiple range
test. Values are means£SD (n=3).

YValues with different superscripts in the same row are
significantly different at P<0.05 by Duncan's multiple range
test. Values are means£SD (n=3).

“Not detected.
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Fr2b H7F wdolel FATE WAl o] AAE 2442 Table
FERH QLT WAoo Ak C18:1 n-9, C16:0, C16:1
MY ok, ol Eol AA 7349 oF 80%
AR ekt A H7F B 7 wagel o] Ak
monoenes®] A B 7} 62.1~63.4% 2 71 =9kal, of
saturates (28.5~30.8%), polyenses (7.1~8.5%) = 2.2
LFERSETE. Jeon et al. (2003)-2 A}AAL wigo] o] X HFAL FA] o
21©] monoenes, saturates, polyenses =2 2 L}E}5E S ™ Hong
et al. (2005)> YF21 i el o] wiof 50 Ak el glof
A 22 AeFE Btk Baste], & A58 fARE A
S e Y. Saturates, monoenesOl| A= 2.5% A 77}
VAT §o14Q) Aol LA gkor] (P>0.05),
polyenesol| A= 2.5% T2 717 98 FH7HEE 719
o= wgkom (P<0.05), ¥3E T/ A Ao
7F AR (P<0.05). FAHE DAA 02 Ik AR E Fold)
o ARGEE gA A fApe] Agekeko] ol Ak 2/ 9
Hale Qe Ao BRuEdEd (Kim et al, 2009), 3 15|
AL oloh FAMSE B S UEdof, WAool = f2F X7t
= Qg AL A dFdFe gle Ao RE AtsdTh

Table 6. Fatty acid composition of muscle in eels fed different

3l Wl o] o] of okskA]

pil

Table 7. Total amino acid content of muscle in eels fed

different diets" (mg/100 g)
) ) Hampyeong Yeonggwang
Amino acid

Control Control 2.5% Yuza
Aspartic Acid 1127.7¢21.7°" 1288.6+30.8° 1154.0£34.0°
Threonine 528.7+11.3°  602.0£12.0°  543.9+12.1°
Serine 482.16.1° 540.8+11.6°  494.0+11.2°
Glutamic Acid 1698.9+40.6° 1980.9+62.6° 1752.4+44.0°
Proline 597.9+17.1°  632.5£12.7%  521.5+14.5°
Glycine 672.5£17.9°  901.4422.3%  721.0+15.0°
Alanine 690.8+15.3°  843.9+234%  716.4+19.0°
Cystine 8.240.2° 7.5+0.2° 10.1+0.2°
Valine 613.4£19.3°  699.5+16.7°  624.0+13.1°
Methionine 342.8+7.9° 392.049.1° 351.6£11.2°
Isoleucine 513.7+15.5°  593.9+14.2°  522.0+11.0°
Leucine 911.4£23.4° 1039.7420.4°  934.1+23.0°
Tyrosine 402.5+8.3° 4353+11.6°  402.3%9.2°
Phenylalanine 492.1+13.8°  553.8+12.6°  504.6+9.9°
Histidine 491.1+12.0°  590.3+16.8°  508.4+11.6"
Lysine 1122.8+35.5° 1561.3+34.5° 1120.4+29.8°
Arginine 722.8+15.5° 1068.3+25.1%  757.3+16.5°

Total amino acids 11893.8+268.9° 14231.6+432.8% 12130.0+287.4°
Total EAA2) 5738.7+122.1° 7100.6+196.9° 5866.3+134.7°

diets" (weight, %)
. Hampyeong Yeonggwang
Fatty acid Control Control 2.5% Yuza
C12:0 0.1£0.0°" 0.2+0.0° 0.1£0.0°
C14:0 2.8+0.1° 2.8+0.1° 2.5+0.1°
C15:0 0.6+0.0° 0.5+0.0° 0.5+0.0°
C16:0 21.9+0.7° 20.7+0.5° 21.8+0.5°
C17:0 0.4+0.0° 0.5+0.0° 0.4+0.0°
C18:0 3.3+0.1° 2.3+0.1° 2.610.1°
C20:0 1.320.0° 1.340.0%° 1.240.0°
C22:0 0.4+0.0° 0.3+0.0° 0.3+0.0°
C24:0 1.940.1° 2.0+0.1° 1.740.0°
Saturates 30.8+0.8° 28.520.8" 29.420.7%*
C14:1n-5 0.3+0.0° 0.3+0.0° 0.2+0.0°
C16:1n-7 10.5+0.2° 10.240.2° 11.1£0.2°
C18:1n-9 47.9+1.1° 49.6+1.5° 49.4+1.2°
C20:1n-9 2.6+0.1° 2.2+0.1° 2.0£0.1°
C22:1n-9 0.3+0.0° 0.2+0.0° 0.240.0°
C24:1n-9 0.6+0.0° 0.6+0.0° 0.5+0.0°
Monoenes 62.1+1.6° 63.0+1.2% 63.4+1.6%
C18:2n-6 1.7+0.0° 2.7+0.1° 1.9+0.0°
C20:2n-6 0.5+0.0° 0.9+0.0° 1.0£0.0°
C22:2n-6 1.240.0° 1.24+0.0° 1.240.0°
C18:3n-6 0.1+0.0° 0.1+0.0° 0.1£0.0°
C18:3n-3 0.6+0.0° 0.5+0.0° 0.3+0.0°
C20:3n-6 0.2+0.0° 0.2+0.0° 0.240.0°
C20:3n-3 2.5+0.1° 2.4+0.1° 2.310.1°
C22:6n-3 0.4+0.0° 0.4+0.0° 0.30.0°
Polyenes 7.1+0.2° 8.5+0.2° 7.2+0.2°

YValues with different superscripts in the same row are
significantly different at P<0.05 by Duncan's multiple range
test. Values are means£SD (n=3).

YValues with different superscripts in the same row are
significantly different at P<0.05 by Duncan's multiple range
test. Values are means£SD (n=3).

?Essential amino acid.

Fopr =2k

2 A7 RE AR Wdoloh ANk AR R ARSSE Wit
ol o] Fou|=AbS A% A ¥ Table 701 YERIAT &
ofr| i kel A F-H 7k 4 Fo] 14,231.6 mg/100 g = 7}
=7 vYEsom, 2.5% A H7F WAy, FHI S
Z+7} 12,130.0, 11,893.8 mg/100 g 2 F-AF HA7I7F =2
#HE BAoy 4Rl Aol YERA] 23k} (P>0.05).
FAE F 1752 o4t F aspartic acid, glutamic acid,
leucine, lysine 5©] =4 YEF M, cystine®] 7~10 mg/100
g9 W& ks Btk Apdat Wil o] Folwn| Ak HapEo)
v Al SHke QR wigol BT} 9k o™ (Kim et al., 2000),
FA A A Ao #BAIGLO] lysine, glycine, aspartic acid,
glutamic acid”} AR opv]=Ako] 45%E st vt By
21T} (Choi et al., 1986). =3+ 1383} ALH X oA =5 =
AAAE Wgol o gk FAd o4t EA AT o] FF o] 100
gl Wgo] AR = 2 A AEE 4 o] Atell A Zfol
E HSou, ofAF 200 g o]/l WAl AT el A9 A
91 o] Z Ko]x] It} (Jeon et al., 2003). ¥ Aol M
ZF A4 v zghel A HoE Aol ghe] Foln| Ak 7}
ol A FHeFo M= ztolE HolAIRE A R A= 7]E

Qe fAle Asks ERpRICh
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Table 8. Free amino acid content of muscle in eels fed different

diets" (mg/100 g)
Amino agd o 3.6% Viza
Phsphoserine 1.240.07" 0.9+0.0° 0.8+0.0°
Taurine 20.3£0.4° 22.2+0.4° 19.40.4°
Phosphoethanolamine ~ 1.7+0.0° 2.240.1° 1.620.0°
Urea 7.5£0.2° 19.7+0.6° 5.4+0.1°
Aspartic acid 0.1£0.0° 0.2+0.0° 0.5+0.0°
Hydroxyproline - - -
Threonine 2.7¢0.1° 4.6£0.1 2.8£0.1°
serine 0.2+0.0° 0.5£0.0° -
Asparagine - - -
Glutamic acid 0.5+0.0° 0.740.0° 1.5+0.0°
Sarcocine - - -
a-aminoadipic acid - - -
Proline - - -
Glycine 8.1+0.3° 9.5+0.2° 10.1x0.2°
Alanine 12.1+0.3° 9.240.2° 8.3+0.3°
Citrulline - - -
a-aminobutyric acid - - -
Valine 4.0£0.1° 2.6£0.1° 1.920.0°
Cystine - 0.4+0.0° -
Cysthathionine - - -
Methionine 1.3£0.0° 1.24¢0.0° 1.2+0.0°
Isoleucine 1.9+0.1° 1.3+0.0° 1.1+0.0°
Leucine 3.5£0.1% 2.1+0.1° 1.7+0.0°
Tyrosine 4.2+0.1° 1.7+0.0° 1.1£0.0°
phenylalanine 3.0£0.1? 1.4+0.0° 1.1£0.0°
Homocystine - - -
{3-alanine 14.1£0.3° 19.9+0.6° 17.240.4°
[3-aminoisobutyric acid - - -
y-amino-n-butyric acid ~ 1.7+0.0° 1.8%0.1% 1.8+0.0%
Histidine 152.0+3.5° 201.4+4.6° 183.2+4.2°
3-methylhistidine - - -
1-methylhistidine 24.3+0.5° - -
Carnosine - - -
Anserine 5.4+0.1° 5.7+0.1° 6.9+0.2°
Ornitine 4.2+0.1° 11.1£0.3° 11.3+0.3°
Lysine 30.1£0.5° 27.9+0.6° 23.60.5°
Ammomia 28.620.6° 33.3:0.7°  36.1:0.4°
Ethanolamine - - -
Arginine 2.5£0.1° 4.3+0.1° 4.0£0.0°
Total 334.9+47.9°  385.848.4° 342.4:7.3°

YValues with different superscripts in the same row are
significantly different at P<0.05 by Duncan's multiple range
test. Values are means+SD (n=3).

?Not detected.
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Kim et al. (2009)2 A5 @AZ o2 Y715t ALEE F9]
sto] AbSEE |A o] A obn] Ao A 2.5% FrAF "M
7V =8 F oAb} o]l S-S vERYlo] ofn|
ik Aol A B AA o R sithal Balskgith 1
v Ao A s AR T ()R Folv
AR depoln it A fejH o R = FhE HElow
(P<0.05), FH7H (FR)de= o)A 2pol & HolA| gof,
HAleh= ThEA 2.5% A4 H7FR Qs Aol Ake] 24
of &S W AA Xe Ao Helr)

frelobul st

B QoA Wole] flofulat B4 % fejof
wAke] Fo| A= R 7L o 3Fo] 385.848.4 mg/100 g &
2.5% A Ao A7 S 9 342.447.3, 334.9+7.9
mg/100 gt FH oz =& 7S Yerudn (P<0.05).
&% #7 olu]=4t F histidineo] HA 2] 45% o] S A
shlon, FH7l JFE fFojHos =& Ays Bt
(P<0.05). Kim et al. (2000)-> AFA2k3) 924k wizdo] o) f-g]
otu| = AbS A AT FFo A e At o] HokoH,
0] carnosine®| 40% ©]AS YEI S © M histidine> &3}
0.7% ©]3}= R 318} 3L, hydroxyproline> AL 24k
B5F 5%0]7d0l 9o taurine> A4, AAAsbo] Zh2) 52%,
73%% Hasle], B AGFZAI oA taurineS ALl tHE
ANE YERAT

o] .= 4kg gro| whel E-F/3HH alanine, glycine, proline,
serine, threonine ‘< T+H%, arginine, isoleucine, leucine, lysine,
methionine, phenylalanine, valine 5= <=5, aspartic acid<
218 glutamic acide= 7 Uo2 BFHT} (Shou, 1969). Kim
et al. (2009)2> FA-5 @A o2 HItste] ARSE HX 9
A9 2.5% @A77 @Uke- U= ol =4t 5 alanine, serine,
proline, glycine $H&Fo] Ekow, &9-& U&= ofr| et &
methionine™} leucine®] ko™, 7+ UFS W= glutamic acid
= R MY =2 3E Belo, 2.5% 7 2 s
etk Basigict E Aol 9k dle ol
2} % threonine, glycine, alanine, serine®] HE% %1, o|F
A H7F WA= glycineRto] FojHom kot
(P<0.05), BAI9F FAFSE AFE BT, 25k = ofv] e
AFQ1 valine, methionine, isoleucine, leucine, phenylalanine,
lysine, arginine®] =57 HEHAOH, 2.5% A7 7F F
A7kl B3] methionine?} arginineS A 2]}l B5F §-2
o2 o zhs vERo] (P<0.05), EX[ 9} Hlad] & ghe
a7t g 2 Aoz dEth T3 glutamic acide 2.5%
A7 7 537 vl oA o m w2 ks e,
WA BT o] A {231 7 e upE 7R vke] Asa it
2 AR Ho|W, 25% A7t frEjobu|mitel] glojA vk
BAGE A5 714, 98 AASE 295 YEE &

Ao7 Alg ¥t}
A5} f7 A7 ALRE Fold B
zhol & Holx| &gkort, Ay H

=
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lactic acid7} S7F8taL, f2] opn| =it T 20hE = obv| e
Ahol ZHashe, A tke] S7kH = BEE Yt 19
U A7l thgskAl Retar AR e 23l A Ao
o] Folxl W FF HeE e A7 ol Fol Aok &

Ao R HlT}
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