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Evaluation of the Optimum Dietary Protein to Energy Ratio
of Juvenile Japanese eel, Anguilla japonica

Kyung-min Han, Jun-young Bae, Okorie okorie Eme, Su-hong Go,
Jin-hyung Yoo' and Sungchul C. Bai’

Department of Aquaculture/Feeds & Foods Nutrition Research Center, Pukyong National University, Busan 708-737, Korea
!Chunhajeil feed corperation, Haman 637-830, Korea

A 16-week feeding trial was conducted to estimate the optimum dietary protein to energy ratio (P/E ratio, mg/
keal) in juvenile Japanese eel, Anguilla japonica. Six experimental diets were formulated with three energy levels
and two protein levels at each energy level. Three energy levels of 3800, 4150 and 4500 kcal per kg diets were
included at 45 and 50% crude protein (CP) levels, respectively (i120Pas, 110Pas, 100Pas, 130Ps0, 120Ps0 and 110Pso). After
four weeks of the conditioning period, fish initially averaging 15.043 g (means+SD) were randomly distributed
into each tank as groups of 20 fish. Each diet was fed to fish in three randomly selected tanks at a rate of 2~3%
wet body weight per day in the recirculated system. Weight gain (WG) and specific growth rate of fish fed diet
100Pss were significantly higher (P<0.05) than those of fish fed the other diets. WG of fish fed diet 120Pso was also
significantly higher than those of fish fed diets ;0Pso and 110Pso. Feed efficiency ratio of fish fed diets 100P4s and
110Pss were significantly higher (P<0.05) than those of fish fed other diets. These results suggest that the optimum
P/E ratio may be 100 mg/kcal with 45% protein diets, and 120 mg/kcal 50% protein diets for the maximum growth
of juvenile Japanese eel under the experimental condition.
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o] %] Al ¥ tHShiau and Huang, 1990; Takeuchi et al., 1992;
Shiau and Lan, 1996).

NUA & GUYie opx| ok A 9] AFo) 714 7] Ao
2 8TEHER FoRAEE vt o] S92 0E A
oF & Zlo] AlgS] oA ghaFolt), B8R AA SlojA
o] 7 v o R]glo] il el A Ggaelr]
ool T g 7ol WA e thde] ), AFF R
A R 9] FE o 2HE WA "rk(Kaushik, 1994).
o] HollA] o7 oliudx] @72 Tl a ) ofidx] H](Digestible
protein to Digestible energy ratio, DP/DE ratio)=* Wehj=
o], ALEE] odx] Fhgkeo] T Hisle] U5 A e
Bole ARFo|9] Aol S & UBE vhillE I oy
A W)= M) 78-S o]Fojo} 3h(Shiau and Lan, 1996; Peres
and Oliva-Teles, 1999; Samantaray and Mohanty, 1999). &, &
ol vzl X7t HE5S AFRE HolH Aol fHell
Hast YA E T3] 3] S Fg E3)3te] R de

2 ARSSIE R vhild g-go| Yolx| L AT A SHAZ (Garling
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and Wilson, 1976; McGoogan and Gatlin, 1999) ¥1} o}ug}t
dmjol o= st Artst s wlAdE ) Sh(Ballestrazzi
et al, 1994; Cai et al, 1996). S8, Tdo) uls] oig=)7}
Y R ALEE A HE ARol9) Al A FH ] A
oA, o] 2 s duidoj} ofm|iks) ZHE HE dg o
UAE FE3] FFEE F A HER o] Astd §
gk ope}, bR S ogA] gFe] AURIA 5 wolle oA
W Ade] sesh S8 Ho] AF o8 7HA|7t oA 7=
SH(Cowey, 1993; Hillestrad and Johnesen, 1994; McGoogan
and Gatlin, 1999). oJ2]g AL DA} o4=] ] ¥ (ng
proteinkcaly> Aol 72| FELF tlEo] o= AHH
Fakalo s AEIIEZ grass carp, 100-124 (Xianghua, 1988);
nile tilapia, 110 (El-Sayed and Teshima, 1992); hybrid striped
bass, 125 (Nematipour et al., 1992); European seabass, 88 (Peres
and Oliva-Teles, 1999) % snakehead 91 (Samantaray and Mohanty,
1999) 2 HoiFS g AR HA whlEz o]
o] HjEF AR EE B AR #e A7) Bol FE &
o} Wgole] ThlE g Rk I FFeE oA =71 wet ok
29] zpol7} O} 45~50% B A AT ZAOE e
ARk, @A sAE A A 7P S8 Al Eolof & AlR
W ouiAlel chgt A4 gha )] 7)ol 23k A7 American
eel (Anguilla rostrata)®] R4 7143} Tl A=) o] o] 2A
H]-goll B3 A2 (Tibbetts et al, 2001) YN 343 AHojr),

wbs, E A7E Fu F8 @] o}El 21017] Japanese
eel (4. japonica)s U732 WYtz o5 AFsraQ] Hrks
B3l ALE W oA el st 2 duld vlE ARFFoEH
AAROIT AAY Qe A4A PR AR 712E B9
3}l ool gt YFeHA Ao} wigAE Y] EE&H o83 S
A QystarA} gk,

i

W2 o wH

Aol ¥ AlRE2|
Aol MEARE AT Ad WS JI9 Fugon

HE 2003 109 27¢00 & e FojRoz 53t 108
EAYE 2o FE3l1900, A A 457 AL A}

g FFstAA Harged HeA7ls uARR-S HAE9
th WAL F FHE AF 15043 g (meantSD)Y] X 0}7)
Japanese eel (4. japonicays 3T ARGA| 2"l 7} A7
FR(602]E] APztra)d 200tE]4] 3REE 0 2 729 vl X513
ou, F4%2 4.5 Limin, AR 25£1°CE FA515 .
A AMFEFFHE oJAF9 2-3%AETHZT Y 23)(9:00,
18:00yF73t 21, AlE3F Al, e SERh

AF7IZHe 2004 2¥ 64 FE 20049 68 SYTHAR 16
F2 ARARS AN, 70 HEe A5 At
& Ehylene glycol phenyl ether 90% (200 ppm)l A Fo)E n}5
AA 2EHEE HAEIal 2F £20] dPoE ASHL
o AEFFY FA AR T Tt wEh BA A

AEAlE Y A

B A9 RS Table 1, 2] A¥o] AREH AHA}
Beof 239} ofd tigh URIE-2 Table 290 Zhzh VJERNG]
o AR lE Yo 2= Z4oj  (brownfish meal) &
& (blood mealyS ARE-3}e] F¢ JU =)ol &)
74z} 45%%t 50%2 AN, AZAO0ZE 0-69% 0-3 A
ukabo] thak HEE o) f(fish oil)?} 24~Fr(com oi)E AHE-
sk 222 Bl E Y o 2= 244 (comn starch)3F Y
71 F(wheat mealy& AM&-315.00, A @ALF o] kA gk
AR 7He @7 95t AEZAE o)&-3le] WAAALR
(semi-purified) HE|Z ARSHYL, HAFAE= Y58 EFSH
T HyAzr2 48P ste EYERE 20°C WeRd
T o) wEbM AMEEIGATH

AdrE e 2Ol 3F 42 45% 9 50%2] THEAIAE
of) thall el AW (P/E ratio) (45/3800, 45/4150, 45/4500,
50/3800, 50/4150 E 50/4500)F = 6712 A EF(120Pss, 110Ps,
]00P457 130P50, lZOPSO‘;g I]OPSO)—% @%‘6}%‘9‘111 3?.1’%—93- /\E‘alj%
ATt FHMA A0 2 brown fish mealS ARSI, A
8 W 7F8A oAl (available energyye AlE.e] wlE =2

r
U e

Table 1. Estimated and actual values of crude protein, P/E ratio and energy for the six experimental diets

Diets! Crude protein (%) P/E ratio _(mg/kcal) Energy (kcal/kgz
EV? AV? EV AV EV AV
 wPs 45 447 120 1133 3800 3941
110P4s 45 44.1 110 107.0 4150 4122
100P4s 45 443 100 100.4 4500 4410
130Ps0 50 49.2 130 125.1 3800 3933
120Ps0 50 493 120 117.7 4150 4189
110Ps0 50 50.2 110 111.3 4500 4508

'Three energy levels of 3800, 4150 and 4500 kcal per kg diets were included at 45 and 50% crude protein levels, respectively (120Pas,

110P4s, 100P4s, 130Ps0, 120Ps0 and 110P50).
’EV: estimated values
*AV: actual values as determined by analyses
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Table 2. Composition of the six experimental diets (% of dry matter basis)’

120Pas 1oPas
Ingredients - )
Brown fish meal® 51.0 51.0
Blood meal* 5.0 5.0
Corn starch’ 17.0 17.0
Wheat meal® 10.0 10.0
Fish oil’ 1.9 32
Corn oif® 3.8 6.4
Vitamin mixture® 3.0 3.0
Mineral mixture'® 3.0 3.0
Cellulose 54 1.5
Proximate analysis
Moisture 7.91 7.71
Ash 8.48 8.43
Crude protein 44.7 44.1

Diets®
‘OOP“S , A”?li?""” A, ;_“;”OP 50 ~ moPso
51.0 57.5 57.5 57.5
5.0 5.0 5.0 5.0
12.7 10.0 10.0 6.0
10.0 10.0 10.0 10.1
5.1 2.0 32 5.1
10.2 4.0 6.4 10.3
3.0 . 3.0 3.0 3.0
3.0 3.0 3.0 3.0
0.1 5.6 1.8 0.1
7.30 7.74 7.61 7.91
8.55 9.40 9.15 9.38
443 49.2 49.3 50.2

'Ingredients information and formulation method are explained in Kim and Bai (1997).

2See Table 1.

Estimated and actual values of crude protein, P/E ratio and energy for the six experimental diets.

*Imported from Chile, provided by Su Hyup Feed Co., Uiryeong, Korea.

“Provided by Il Shin feed Co., Hampyeong, Korea.
*Provided by Su Hyup Feed Co., Uiryeong, Korea.
®Provided by Young Nam Flour Mills Co., Busan, Korea.

’Provided by E-Wha oil and Fat Industry Co., Ltd., Pusan, Korea.

8provided by Dong Suh Qil & Fats Co., Changwon Korea.

°Contains (as mg/kg in diets): Ascorbic ac1d 300; dI-Calcium pantothenate, 150; Choline bitatrate, 3000; Inositol, 150; Menadlone 6; Niacin, 150,
Pyridoxine-HCl, 15; Riboflavin, 30, Thiamine mononitrate, 15; dl-a-Tocopherol acetate, 201; Retiny! acetate, 6; Biotin, 1.5; Folic acid, 5.4; B2, 0.06.
"Contains (as mg/kg in diets): NaCl, 437.4; MgSO,7H,0, 1379.8; NaH,P,2H,0, 877.8; Ca(H:PO.),: 2H,0, 1366.7; KH,PO,, 2414; ZnS0,.7H,0,
226.4; Fe-Citrate, 299; Ca-lactate, 3004; MnSQ;,, 0.016; FeSO,, 0.0378; CuSOs, 0.00033; Calcium iodate, 0.0006; Mg0, 0.00135; NaSeOs, 0.00025.

9 BEE-S 7 4, 9 B 4 keal/g 2 AXFEIATHNRC, 1993).

ofx&d

AEFE T, AFAAE 2447 AR F ehylene glycol
phenyl ether 90% (200 ppm)Z RHAIA AAFS S5l %
Z A& (weight gain, WG), AR 88 (feed efficiency, FE), Y7F
*37-E (specific growth rate, SGR) © Th# 22487 2 (protein
efficiency ratio, PER)S 11315127 oA W YR 2
Wk 248 A8

AR APAIE S} HofAof disfr] A 0}930111 o]
A 4G s 4 prEE enfd AR FE3)S
3t AoJA S AREEITH AOAC (1995)0]] 2l si-e AF
AAZW(125, 327, ZHW AL Kieldahl 224 F
(Nx6.25), 5‘—@]5‘9— A3spg oz 27 R8It 2A
FAAZS & Soxtec system 1046 (Tacator AB,

jins Hm

Mo &

Sweden)S Akgé}o# soxhlet &9 o2 A9t

A3 F5 7, SAE S8 I YR B8 St
HEE A ZWX] HAEoE of 24A17F T AAAF T Ao
& 7t 7Y 4nd] FARE FE8le] Y38 FAIE o]

8510 dEoi2] vFErguiola] g )&t & micro-hematocrit
H(Micro Hematocrit Reader, Hawksley)ol] 213 3jrlEzaE
(hematocrit, PCV)E 2481900, dlm22% HkHb, gd)ye
cyan-methemoglobin ¥ (Yokoyama, 1960)l 2l8le] 24 &%,
ofF g2 g oM 108 HXSIHTF LAEE] (12,000
rpm, 5 min)dte] AL FAHFL BA H7A] -76°Co AT
G FFA(mg/dl), 84 Fe2H & (mg/dl), GOT (IUL), GPT
(IU/L), total protein (TP, g/d}e] 4ol A £47](Viros DT
60 II, Koreays AH&-311t}.

EAXNE

E2E AR EAAEE Computer Program Statistix 3.1
(Analytical Software, St. Paul MN. USA)E #4HE4 (ANOVA
test)yS& At HARIAHH(LSD: Least Significant
Difference)2 2. H7+9] 914 (P<0.05)y2 A3 )

dn %
16577k A4 E7Z Table 301 YeERAATH SAL (WG

VoI P A G-I THE AP T E vlsjr Fojrosm =
A ERATHP<0.05). 10PusBBTE 130Pso, noPsrd TR H



138 3739, vk, Okorie okorie Eme, 2%, 748, vjsA

Table 3. Effects of the different dietary protein to energy ratio (P/E ratio)

Diets' Pooled
Pas P 100Pes  xPso 20Pso 110Pso SEM"

Growth performance - - ' ‘
WG? 79.9% 92.8° 108.7° 67.5¢ 92.0% 68.1°¢ 6.56
FE? 44.1¢ 58.0% 61.4° 48.6" 53.1° 47.7% 2.69
SGR* 0.52% 0.58" 0.66 0.46° 0.58° 0.46° 0.03
PER® 0.98° 1.29% 1.36* 0.93° 1.06° 0.95° 0.08

Serological characteristics

PCV?® 31 34% 37% 38* 301 31 1.38
Hb’ 9.9 11.9 12.5 13.2 10.3 10.1 0.57
GOT® 139° 53° 73¢ 54° 87° 720 12.9
GPT® 8® 6> 7o 5¢ 6™ 11° 0.87
TP 3.0 2.9 2.8 3.0 2.8 3.1 0.05
Glocuse 93° 1407 1297 145° 155¢ 1317 8.74

Values in the same row with different superscripts are significantly different (P<0.05).
'See Table 1. Design and actual values of crude protein, P/E ratio and energy for the six experimental diets.

*Weight gain (%): [(final wt. - initial wt.) / initial wt.] x 100.
Feed efficiency (%): (wet wt. gain / dry feed intake) x 100.

“Specific growth rate (%): [(log. final wt. - log, initial wt.) / days] x 100.

*Protein efficiency ratio (%): wet wt. gain / protein intake.
SHematocrit (%).

"Hemoglobin (g/100ml).

8Glutamate oxaloacetate tran-saminase (1U/L).

°Glutamate pyruvate transaminase (IU/L).

"“Total protein (g/dl).

"Pooled standard error of mean: SD/./n.

o2 FA WEFRAIT, 150Pus, oPse¥ BT A 2
o]7F ERFA] 2S4TH(P<0.05). AZHIFE(SGRPN 03X 100Pas
AP g 2S00 v fFelskAl B3htH(P<0.05). ¥
H, 10PesHE T 0P BT F 2P TS 50PsrB E T2t
noPso A@ 7l Hlal F2lH o8 A Yehg o, olE 7
&3k 2ol YATHP<0.05). AR EL(FE)] UM 100PisD E
7t 1P ETE AT G2 A FE] vlalA A
L Ao7 YeEltow, PP 1S ALe UA] A+
7 freld Afole UEhA] UTHP<0.05). B AHEE
E(SGR)eN UolA 1P FT7E T2 AP 7Sl vsk] #
oHo g A veed 1P FoEd Zol7t 8l
Ao, o]5& Adg vu|x] dPLEL ] oA Kl 2b
ol LFERLIA] 22SHEH(P<0.05),

Folg e 7lel B Ao Table 30 YeRRIT 2 4
ol PCVE 30~38%% UEhdEsl oPud B2} T
AR7Ed vaA H40E B Uehton, Pyl ETE
|30P505 IOOPSO/E\E']_%?_EE}_ ‘TQ[_Q’]Z_-]!—QE "_%E:‘gll:xl?l— |20P45’ l]OP45/\E]6§‘?-
Sk Fe]H<l AelE HolA] edhTH(P<0.05). °l= FAME
oJ(Alexis et al,, 1985)°1 UAX S E 32~42%<t FrAkSkA LHed
wkom 9Jol(Song, 1995)9F '@ 7|(Bai et al., 1994)l14] gelgl
44%E = 22 3hE VERAITE @3 W Hb2 9.9~13.2 (gdl)
2 uEpgon, A AR FolH 4 Abole I THP<0.05).
dutlo g AZ}SH o) Fe HbFES 10g/dl AEE W8}

2 Yom(Post, 1983), oFA = o1FH a3 I =

BEA AL Atk 2y Hpggae g B oFd) w
8 A2 A b WEg 5 dnal o A
TFAE2 983 Yk (Babin, 1987; Garrido et al., 1990).
A W GOTE= 0PsHE 77T O E 28 A8 50| v
2o g = (P<0.05), GPTE 10Psy 277 LA A ¥
of vigl felgoz EA VeRITHP<0.05). TP (B4 W
W e BE AP FolA KA zolE HolA
UTHP<0.05). A W FFF2(Glucoseys WHE A FE H
B 120Pas T Rl 0 2 HUIth(P<0.05). 2|3 FH W
#| 2| 2 (Cholesterol}Z 10oPsed @71 T2 4@ 7o) Hisl
oA o= = YERITHP<0.05). ABAEES HF 3 X]0)7]
Zojo] Hoja 2ol tlg Aal= Table 40 YERNRATL
OJ A SE(80.9~83.3%), 3| B SFI(1.4~2.3%), ZErz
ZF(45.8~51.0%), A1 SEH(7.6~9.4%)7 o] (4,328~4,668
keal/gy= o]} 72 HE e

E Ao k=R Japanese eel (4. japonica)?] AHEU] T
Az} oA ¢] Bgo QlojA whlE heF 45%9] A H k]
A T o R o H|7t Stk wet AEE 2 AR
&o| Frlshz Aol AL, TE T 50% A7 A
= wAs) o uzE 120714 Frtsitrt 1300)1F 2
ashe Zgo] A=, dA T 45%0] Tl o= 9
HI-&(P/E ratio)®] 10031 1ooPssd @70l HA el HiE e}l
WAtk o] P/E ratio’} 22.1 MIE B2 ¥ American eel (4.
rostrata)dl] VIF] Bh& Zo g BlEglon, o]zt 2ole 4
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Table 4. Whole body proximate composition of juvenile Japanese eel fed the six different experimental diets for 16 weeks (% of dry matter)

Diets _ Moisture o Ash
(*0)
120P1s 833 2.1
110Pas 81.9 1.4
100P4s 80.9 2.3
130Ps0 824 1.6
120Ps0 81.7 1.4
110Ps0 80.3 1.9
Pooled SEM' 044 0.15

Crude Protein Crude Lipid Energy
' o (keal/g)
45.8 7.6 4328

46.5 7.9 4413

46.9 8.2 4522

492 8.3 4609

49.8 8.9 4573

51.0 9.4 4668

085 0.27 51.9

'Pooled standard error of mean: SD/./n.

oo FF/, 7], &, AFREE T 7IQ1% Zleg 54
CH(Tibetts et al., 2001).

FHH AAET AARE L oM i Feol 50% A
Tofl vis] DA ko] 45%21 ARt s =2 Al
2 e, o= o) dF4 oA Nose and Arai
(1973)° &J3} Japanese eel (4. japonica)?] A4 i oF
& 45%, Z12]3 Degani et al. (1985)°] €]§t European eel (4.
anguillay®] 278 TN 87 45%9) TS A& B
v, 24 ezl 9 Fek(Tibbetts et al., 2000)°] 48.3%2] American
eel (4. rosrata)™ 50%%) Australian eel (4. austaralus)9 ¥
Me 2 a7l @ Zlow IRIEIYTHDe Silva, 2001).
olgfst Fofl W& A o] nle] Xjolz AR 24,
HolgA, AR, AR, 2, 283 e 22 8
738 a9l 5ol 93] gatd 4 AtH(Tuncer et al., 1990; Gatlin,
1994; Keembiyehetty and Wilson, 1998).

wehA, B A5 F3kd X]017] Japanese eel (4. japonica)2]
AHEY A4 PE ratioE 29 RW, AFEH AEEE 52 7
g olldx] e AlEW A e 2 o9 4500 keal
ool ©lE S 45%A P TelA HA Y ARE ERRRL
o, o|l& EUE Al5Y A% P/E ratic= 100 mg protein/kcal
7h A3hs Ao R wdEnh 7o ARE viEo R Ak
7VE B8t 71Aast T g igh 714t o g R ¢ H| gl Agh
ATE FHTEN AWM Lojihz T AE T oz o o
g skl W7 ES 81T & e Q77 ks ofor 2
Aoz AL o|& B T AAF AL HA e 48
A9 viFAIR Aol st 7128 YT FA AA PE
ratio®)] &J3H ARE Ao 2 F2olFe] Tl thaES]
Aol o] WSS s TI5L A 874 Sl 2o
ME &0l g Zor 7tiEnt.

O

o Ok
el =

B 432 2]0]7] Japanese eel (4. japonica)2] NAA] 5
o] gk AlE W XA wwd HE Hrishr] §lste] 4ol
- (Brownfish meal)?} ¥ (Blood mealyg AM&-3te] e

ZEI

stere ool el Ztzt 45%%} 50%, 182 FouiA] &
o z}zh 3800, 4150, 4500 kealkg®) ¥HA A A} E (semi-
purified)& A3t 1677 ARSAE S AABIAL £ A+ s
AREY oA e ule)t Ty ke g 2-ste AR
A AAlste] oUA] FEd e A A sEks 19
k=t %EAH & (WG), Y7HIZE(SGR) 59 4374 7ke} A
S E&(FE), dWd G & (PER) T A1EQYLHH Hr7t 2 g
3738k Hrtel AdsiA sl 48 T8 F oAU
AutdE E A ff AsIeHE R4S Hl X RAFSIECH WGH
SGRoY| oA 1oPus A H 7 TR AP FEC] v)siA 74
o2 EA UETHP<0.05). FE 211X 10Pusd 7T 110Pas
AYTE AQg o2 AP 75 vjsiA Fofs B2 Ao
2 JERGOH(P<0.05), SGR HA] P E7F O 2 AP
£ vlgle] foHoz =4 veketl P TE F9
2l zpol7t Ao, o] 5L AL veA] AP TFET
oA 4% 2ol VEREA] SE3ETHP<0.05). wEkA], & A3}
g %3l )0]7) Japanese eel (4. japonica)?l 1014 ALFEW
chula a}ek 45%, ol \A] 4500 keal/gZ7t A 9] A4S Vel
Ao g o & ojuf} thillAs} x| Y]&(P/E ratio)> 100mg
proteinkcal’t A 3st Zlo 2 g},

Ab A

¥ A7 2002 F=rstERl A ] SHA TR XA
ol st s AR olol ZAEYHUTHKRF-2002-005-

F00001). & A7E Fhgol oA B2 =58 & FAUE

o Fa ) oAFG S ALY A EGEAFA ATYE

3 A4ge AENAL H8 AIAEE AT T4 73U

I FA T 2AG wd, 280 AFolE A8 74 4

SRS R HAAE A e AR T
HDEH
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