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Abstract

An 8-week feeding trial evaluated the dietary essential fatty acid (EFA) requirements of juvenile sterlet
sturgeon (Acipenser ruthenus, 37.1 g). Nine diets (45% protein, 10% lipid) were formulated with varying

levels of linoleic acid (LA) and e« -linolenic acid (LNA).

The 0.5% LNA diet (LNAO0.50) resulted in the

highest weight gain, feed efficiency, and whole-body crude protein content (P<0.05). Increasing LNA to
1.0% did not improve growth but significantly elevated body lipid deposition (P<0.05). Whole-body fatty
acid profiles directly reflected dietary compositions, showing dose-dependent accumulations. In conclusion,
the optimal dietary LNA requirement for juvenile sterlet sturgeon is approximately 0.5% to maximize
growth and nutrient retention, providing baseline data for customized sturgeon feed formulation.
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<Table 1> Composition and proximate analysis of the nine experimental diets (% of dry matter basis)l

Diets

Ingredients control LA LA LA LNA LNA LNA LA0.25+ LAO0.50+
0.25 0.50 1.00 0.25 0.50 1.00  LNA0.25 LNA0.50

Bz'itf:“;‘:h el 550 550 550 550 550 550 550 550 55.0
Wheat meal® 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0
@ -potato starch 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0
Oleic acid’ 10.0 9.75 9.5 9.0 9.75 9.5 9.0 9.5 9.0
Linoleic acid’ - 0.25 0.50 1.00 - - - 0.25 0.50
a -linolenic acid’ - - - - 0.25 0.50 1.00 0.25 0.50
Vitamin premix’ 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Mineral premix® 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Cellulose’ 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Proximate analysis

Moisture 10.6 10.7 10.8 10.6 11.8 10.8 8.8 9.7 9.2
Crude protein 453 443 452 444 447 44.8 45.7 45.0 45.9
Crude lipid 7.47 7.28 7.24 7.31 6.95 7.13 7.30 7.50 7.59
Crude ash 10.4 10.2 10.1 10.2 10.2 10.2 10.5 10.6 9.9
Crude fiber 3.09 2.63 2.92 3.47 2.94 2.82 2.16 2.47 2.21

Gross energy (kl/g diet) 21.2 21.2 21.5 21.3 214 21.5 21.2 21.7 21.2

'Walues of proximate analysis were analyzed at feeds & foods nutrition research center, pukyong national university.
*Suhyup feed Co., Korea

*Daejungwhagum Co., Korea

“Sigma aldrich Korea

Contains (as mg/kg in diets) : Ascorbic acid, 300; dl-Calcium pantothenate, 150 ; Choline bitatrate, 3000; Inositol,

150; Menadione, 6; Niacin, 150; Pyridoxine-HCI, 15; Riboflavin, 30; Thiamine mononitrate, 15; dl- @ -Tocopherol acetate,
201; Retinyl acetate, 6; Biotin, 1.5; Folic acid, 5.4; By, 0.06

‘Contains (as mg/kg in diets) : NaCl, 437.4; MgSO47H,0. 1379.8; NaH,P4-2H,0, 877.8; Ca(H,PO.)2 2H,0, 1366.7,
KH,PO,, 2414; ZnSO4+7H,0, 226.4; Fe-Citrate, 299; Ca-lactate, 3004; MnSQ,, 0.016; FeSO,4, 0.0378; CuSO,4, 0.00033;
Calcium iodate, 0.0006; MgO, 0.00135; NaSeOs, 0.00025

"United States Biochemical, Cleveland, Ohio 44122
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<Table 2> Fatty acid composition of the nine experimental diets (% of dry matter basis)’

Diets2
Fatty acid (%) control LA LA LA LNA LNA LNA LA0.25+ LA0.50+
0.25 0.50 1.00 0.25 0.50 1.00  LNA0.25 LNAO0.50
C10:0 nd* nd nd nd nd nd nd nd nd
CI11:0 nd nd nd nd nd nd nd nd nd
C12:0 nd nd nd nd nd nd nd nd nd
C13:0 nd nd nd nd nd nd nd nd nd
Cl14:0 3.785 3.801 3.512 3.410 3.447 3.502 3.164 3.358 3.424
C15:0 0.493 0.423 0.399 0.384 0.399 0.400 0.364 0.387 0.390
C16:0 7.136 7.199 6.884 6.574 7.010 6.858 6.541 6.653 6.796
C17:0 0.600 0.563 0.542 0.516 0.553 0.542 0.518 0.542 0.541
C18:0 2.362 2.361 2.269 2.143 2.363 2.261 2.130 2.120 2.188
C20:0 0.464 0.412 0.383 0.359 0.532 0.376 0.353 0.367 0.416
C21:0 nd nd nd nd nd nd nd nd nd
C22:0 nd nd nd nd nd nd nd nd nd
C23:0 nd nd nd nd nd nd nd nd nd
C24:0 nd nd nd nd nd nd nd nd nd
SFA 14.84 14.76 13.99 13.39 14.30 13.94 13.07 13.43 13.76
Cl4:1 0.709 0.709 0.684 0.642 0.680 0.689 0.617 0.663 0.630
C15:1 0.549 0.570 0.536 0.523 0.538 0.538 0.492 0.522 0.528
Cl6:1 4.552 4.170 4301 4.126 4341 4273 3.959 4.376 4.146
C17:1 1.585 1.552 1.478 1.403 1.496 1.462 1.376 1.478 1.432
C18:1 71.75 70.25 68.14 64.25 69.32 67.36 64.52 68.57 67.30
C20:1 nd nd nd nd nd nd nd nd nd
C22:1 nd nd nd nd nd nd nd nd nd
MFA 79.15 77.25 75.14 70.94 76.38 74.32 70.96 75.61 74.04
C18:2n6 4.673 6.503 9.337 14.55 5.957 5.813 5.967 7.365 7.907
C18:2n9t nd nd nd nd nd nd nd nd nd
C18:3n6, 9, 12¢ nd nd nd nd nd nd nd nd nd
C18:3n9, 12, 15¢ 0.374 0.389 0.512 0.533 2.723 5.301 9.413 2.819 3.177
C20:2 nd nd nd nd nd nd nd nd nd
C20:3 nd nd nd nd nd nd nd nd nd
C20:4 nd nd nd nd nd nd nd nd nd
C20:5 0.806 0.888 0.847 0.432 0.499 0.448 0.445 0.633 0.978
C22:2 nd nd nd nd nd nd nd nd nd
C22:6 0.161 0.206 0.174 0.157 0.142 0.178 0.143 0.148 0.144
PUFA 0.967 1.094 1.021 0.589 0.641 0.626 0.588 0.781 1.122
PUFA/SFA 0.065 0.074 0.073 0.044 0.045 0.045 0.045 0.058 0.042
DHA/EPA 0.20 0.23 0.21 0.23 0.36 0.28 0.40 0.32 0.23

1Values of proximate analysis were analyzed at feeds & foods nutrition research center, pukyong national university. * not
detected. SFA, saturated fatty acids; MFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.

2Fatty acids were methylated according to Metcalfe et al. (1966) and analyzed by gas chromatography (trace GC, FID
detector) using a quadrex bonded carbowax capillary column 30 m x 0.25 mm LD x 0.25 /m film). Carrier gas was helium
(65 psi, split ratio 1:50) with nitrogen. Injector and detector temperatures were set at 250C.

- 967 -



4, Y =

WA AR S 7 2R seEd s
R FES] BT AoAE AL
1, AOAC (199581l wet & A7tad
ZH125TC, 3A17h), AL kjeldahl &A% =
H(N%6.25), ZX3]&> AR3|sor #4153
o 22 AES AR FEARS F
Soxtec system 1046 (Tacator AB, Sweden)= A&

&}o] soxhlet F=EH O 7 HA & TH

A 2 Add sy s AR A
Z3t dojAll AW methylation> Metcalfe et
al(1996)¢] el o EAskdth AAE
methylation< feries silica capillary columns 72}
3} gas chromatography(Trace GC)ol|l 2l&] &5}
Aot Ao 71AE AAE ARSI A, detection
< FiD =5 ARRsRglom E4x31L thaat
# O ™ (Instrument : trace GC gas chromatograph,
column : quadrex, 30M, bonded carbowax 0.25mm
1.Dx0.25um  film, cat. No.: 007-CW-30-0.25F,
injector temperature: 250C, Detector temperature:
250C, flow (gas press): 65 psi. helium, splite:
1:50), &% ARvlEgRe B g ol
peak sampleol] &J3) 24 3}SIT).

6. SHEA

-
B2E A FAAHE= SPSS version 10.1
(USA)S AFE-3l9] one-way ANOVA testE A A|3}
gor, 7 48T B el KNS AZe]
A&l Ha 593 77 (least significant difference
test, LSD)S =33t th A4 F294L P<0.05
A BRI

m. o4 Zo}

ol

-

TLEN

Kan
i

o

87 3te] AGAE A= <Table 3>of LHER
Ak HFA TS BE AU HIlA
yxTHY S7teke A4S 2309, LNA0.SO
AgTlA M e s vl SAE
(weight gain, WG)S LNA0.50 277} thz=+,
LA0.25, LA0.50, LNA025 ~ LNAl.00 4
LA025+LNA0.25 A TR} fFejgoz =9ko
™ (P<0.05), LA1.00 2! LAO0.50+LNA0.50 *}&]72}
v Yst AolE YERA okt AR ES
(feed efficiency, FE)=> LNAO0.50 A Z]7-oA 7}
o #E HEbler, & BE AEaRog f
ojH o7 3 THP<0.05). U7 S (specific
growth rate, SGR) @A FAEF} FASE AEgS
Uebo] LNA0SO A golA 7HE & e
Rtk whd ZHSEA S HSI), HIREE(CF) 2 A
&S B AT F FYsk Aolrt yERA|
ok

AP FE T HojA dWHdE A
<Table 4>° YeRSIth & TFFS dix=T,
LA0.25 ¥ LNA0.25 A F-ellA Addo= =9
o1, LA0.50, LA1.00, LNA0.50 2! LA0.50+LNA0.50
AT Fodor w2 e Jehlt
(P<0.05). Z=whuld FHES LNA0.SO A 7-oll A
7V =A dEbtem, dizTtek it A
THRO FoAoR 2 FEs HATHP<0.05). Tk
T LAL00 A2k frelst o7k gl =
214 g2 INALO0 ATl 7 Egkon,
o ARt fFogow Frksht
(P<0.05). WH 3|3 e Be AR i

9159l Ao]7k vhebibA] 23keHP=0.05).

=
A

3. TIOJA| X|ZLh =Y

873 A AY TR F

M
1%
i,
K3
~
[

- 968 -



%017 AN A (Acipenser ruthenus) ZEX|giat @ Fak oi7

Al Gadele] AeojAl AwAt 24 Ads oh AR W Cig2n-6(El =, LAY H7F
<Table 5>°f A|A|g wpe} 2y dojAle] ik o] F7hgke] met dojAl Ul Cl8:2n-69] 4%
ZEade Alg U Hrtd "5eAal 5% 9 o] thERT9 5301%914 LALO00TY 6.137%=E
Feol wet AFARD FFs e AFE B FARAHoRE Frsiginh olgh fAbsHAl AR Y

<Table 3> Effects of feeding experimental diets on growth performance of juvenile sterlet sturgeon
(Acipenser ruthenus) fed nine experimental diets for 8weeks'

Diets
Parameters control LA LA LA LNA LNA LNA LA0.25+ LA0.50+ Pooled
0.25 0.50 1.00 0.25 0.50 1.00 LNAO0.25 LNA0.50 SEM7
Initial wt.(g) 37.1ns 373 37.1 37.2 372 37.1 37.1 372 37.1 0.24
Final wt.(g) 56.4ns 59.6 61.2 62.7 57.2 63.3 59.2 55.8 62.4 0.63
WG 52.1e  593cd 65.2bc  68.7ab  S54.1de  72.0a  59.8cd 53.4de 68.8ab 1.49
FE?® 60.7¢ 65.1d  732¢c  792b  62.6de  83.0a  65.2d 612¢  79.3b 1.66
SGR* 0.82¢ 0.86¢ 0.96b  1.00ab  0.84c 1.05a  0.86¢ 0.82c  1.0lab  0.02
HSP® 1.22ns 1.27 1.32 1.36 1.25 1.42 1.27 1.23 1.36 0.66
CF* 0.28ns 0.28 0.29 0.29 0.29 0.30 0.28 0.28 0.29 0.33
Survival 95.7ns 91.3 92.7 95.0 95.0 95.0 96.7 91.0 94.7 1.10

'Means of triplicate groups; Means with the different superscript in the same row are significantly different
(p<0.05) between five groups. ns, non significant (p>0.05).

*Weight gain (%) = [(final weight (g) - initial weight (g)) x 100] / initial weight (g).

*Feed efficiency (%) = wet weight gain (g) / dry feed intake (g).

*Specific growth rate (%/day) = (Ln final weight (g) - Ln initial weight (g)) / days.

*Hepatosomatic index = (liver weight (g) / body weight (g)) x 100.

®Condition factor = (fish weight (g) / fish length (cm)3) x 100.

"Pooled SEM = JEMS/n, where EMS stands for error mean square and n represents the number of replicates.

<Table 4> Whole body proximate analysis of juvenile sterlet sturgeon (Acipenser ruthenus) fed nine
experimental diets for 8weeks'

Diets
Parameters control LA LA LA LNA LNA LNA LA0.25+ LAO0.50+ Pooled
0.25 0.50 1.00 0.25 0.50 1.00 LNAO0.25 LNA0.50 SEM2
Moisture (%) 80.0a 797a  779¢ 778  79.6a 76.5d 78.7b 78.7b 77.7¢ 0.15

Crude protein (%) 13.4d 13.8c 14.1b 144ab 13.5d 14.6a 13.4d 13.9¢ 14.2b 0.33

Crude lipid (%) 3.06f 3.82d 4.25bc 448 3.76d 4.25bc 5.0la 3.47e 4.59b 0.05

Crude ash (%) 299s 295 2.93 2.87 2.95 2.84 2.88 2.96 2.85 0.03

"Means of triplicate groups; Means with the different superscript in the same row are significantly different (p<0.05) between
five groups. ns, non significant (p>0.05).

*Pooled SEM = y EMS/n, where EMS stands for error mean square and n represents the number of replicates.
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<Table 5> Whole body fatty acid composition of juvenile sterlet sturgeon (Acipenser ruthenus) fed nine
experimental diets for Sweeks'

Diets
Fatty acid (%) LA0.25+ LAO.50+
control LA0.25 LA0.50 LA1.00 LNA0.25 LNA0.50 LNA1.00 LNA025 LNAO.50
C10:0 nd nd nd nd nd nd nd nd nd
C11:0 nd nd nd nd nd nd nd nd nd
C12:0 nd nd nd nd nd nd nd nd nd
C13:0 nd nd nd nd nd nd nd nd nd
C14:.0 5.043 7.634 5.465 6.564 4.870 4337 5.198 5.502 5.148
C15:0 0.422 0.550 0.477 0.525 0.429 0.406 0.452 0.469 0.455
Cl16:0 19.52 23.26 22.75 22.73 18.52 18.03 19.06 20.42 19.83
C17:0 0.407 0.351 0.378 0.410 0.388 0.336 0.349 0.388 0.317
C18:0 3.258 2.501 3.055 3.058 2.717 2.173 2.443 3.096 2.367
C20:0 0.564 0.551 0.532 0.510 0.521 1.083 1.069 0.685 0.870
C21:0 0.990 0.792 0911 0.869 1.334 1.113 0.949 1.101 1.090
C22:0 0.444 0.130 0.165 0.687 0.153 0.147 0.417 0.175 0.120
C23:0 nd nd nd nd nd nd nd nd nd
C24:0 nd nd nd nd nd nd nd nd nd
SFA 30.65 35.77 33.73 35.35 28.93 27.63 29.93 31.83 30.20
Cl4:1 0.239 0.214 0.238 0.259 0.149 0.144 0.228 0.244 0.173
Cl15:1 0.131 0.131 0.120 0.141 0.107 0.117 0.124 0.134 0.113
Cle6:1 7.542 9.775 8.973 8.611 7.489 7.081 8.149 8.160 8.420
C17:1 0.395 0.531 0.546 0.609 0.534 0.665 0.698 0.620 0.616
C18:1 43.71 37.28 40.68 39.68 38.33 39.50 41.32 42.04 39.99
C20:1 2.596 1.660 2.144 2.202 2.265 2.173 2.094 2.277 1.917
C22:1 nd nd nd nd nd nd nd nd nd
MFA 54.61 49.60 52.70 51.50 48.87 49.68 52.61 53.47 51.23
C18:2n6 5.301 5.695 5.901 6.137 6.553 6.235 5.676 5.714 6.217
C18:2n9t nd nd nd nd nd nd nd nd nd
C18:3n6, 9, 12¢ 0.307 0.443 0.407 0.611 0.466 0.479 0.417 0.459 0.620
C18:3n9, 12, 15¢c 0.516 0.512 0.446 0.454 0.758 1.107 1.124 0.665 0.723
C20:2 0.854 0.476 0.561 0.536 0.527 0.371 0.490 0.339 0.559
C20:3 0.235 0.175 0.209 0.241 0.273 0.250 0.212 0.272 0.261
C20:4 0.328 0.301 0.256 0.243 0.296 0.555 0.442 0314 0.400
C20:5 2.795 2.858 2.469 2.194 4.753 5.227 3.609 2.853 3.772
C22:2 nd nd nd nd nd nd nd nd nd
C22:6 4.399 4.182 3.319 2.741 8.576 8.471 5.487 4.079 6.023
PUFA 14.74 14.64 13.57 13.16 22.20 22.69 17.46 14.70 18.57
PUFA/SFA 2.08 2.44 2.49 2.69 1.30 1.22 1.71 2.17 1.63
DHA/EPA 1.57 1.46 1.34 1.25 1.80 1.62 1.52 1.43 1.60

Walues of proximate analysis were analyzed at feeds & foods nutrition research center, pukyong national university.

* Not detected. SFA, saturated fatty acids; MFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.

*Fatty acids were methylated according to Metcalfe et al. (1966) and analyzed by gas chromatography (trace GC, FID
detector) using a quadrex bonded carbowax capillary column 30 m x 0.25 mm LD x 0.25 gm film). Carrier gas was helium
(65 psi, split ratio 1:50) with nitrogen. Injector and detector temperatures were set at 250C.
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(14.74%)°l Blal] Aoz w2 s HAF
At W, G EE A PAHMFA) TS AR
Yl oleic acid thAl&o] EE Z2T(54.61%)°l
A 7 A A E A

£

v. g2

B Aoz Aol AREHEMEE
o2 Ats U linoleic acid (LA)®} alpha-linolenic
acid(LNA)9] 7} 5o W& A%, Alsad 9
ofA At A& mlwsilth. 11 43, LNA
0.5% H7HrolA SAE, Asad YW A%
Fol 7HE ¢etA dEbd o, LA 1.0% 37t
T8 LA 0.5%+LNA 0.5% &% H7htel e
AREE 37 e s WERASIH of# s At
gl Aigo7t deAgats a8% 0% 9
sto] ARl &8d +  glew, =
alpha-linolenic acid®] #2744 ¥w°] 43 T
F3% s g5 AAFSTK(Yao et al., 2024).

AAE ol FolA oA B oz} Alxet
4, AgA vkl E5 U vere e By
B9 gHel woldt Fe@ Jioln
(Halver, 2000; Moraes and Almeida, 2020).

AR BEALe] ¥ A9 4 A

S oo |y o

d
o%

d FEOE I9E A AN Y84 o8
afo] dNEE Aow gl ti(ang et al,

2019). ¥ AFolA LNA 0.5% H7F7F 7H $
Tk A AlREES YERd e A"gEt
}o]7} alpha-linolenic acidE &40 =2 o]g3}

of Al thAtel] &E-sil7] Wl w Aden)
ol UNEE 9 2 linoleic acid®} alpha-linolenic
acidg o]&3to] DEEXSIAALES T F
W e AL flom, Fol wEk I ol
afo= Aol7b EASTK(Senadheera et al.,
2011). A3PgelE st @ Eolwe] A
% linoleic acid®} alpha-linolenic acid”} X5 2
Al AAtelgtal Baskglow, 5 AAbo]
373 A A 2 Fosh Y v
Tt W 318 th(Hairui et al., 2022; Hung, 2017;
Peli¢ et al, 2019). ¥ AFA %= LASH LNAES
B A7k A gelA gset A4 ARE o

Eljo] o]t A9} AR e Rt 1
HU LNAE 1.0%7HA S7FA S well= A go]

=
U olg FEA @gov], ol BEAWA
DY 57 oy FHHULE 4 P wdbt
]

A4d ¢ Slee grdth

o] zehd o] 7HE =7 WERS ST, LNA
%

o] T7kskh= BF

ﬂ.x.;
N
N
U
K3
>
rir
BN
N
o
o
oft

S Yehich dukzdlo s Adst P& &
T2 oA olfa &S FATIAN FHEst
A FFS AARGgE Ay AW FHOE o
2 g gtk & AFAE LNA #H7F F50l
= A

&
S7kskel whek Al A" o] Fhet

& AR ) A 2HE
Qebi AFE deeh 531 AR U] linoleic
acid®} alpha-linolenic acid®] &t S

N ot
o

]
ofAl f s Akl FEFE Frtekith ol
St At ggofelx] dntAoR Has= AW
Ab 2 3t F-AFSHH (Senadheera et al., 2011),

4
AR F AR 2H0] A AW 246 A4
el 42 vk J)E AT AdE 9
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ol

3HCH(Hung, 2017). 3 LNA 0.5% o] F710]
A AW 03 AL AAEe] FH o] Frbskgle

w, o] A" A7/Jo)7} alpha-linolenic acidE
a0 o]fets EAS 7ML e Ko
=z

¢

o) g8y B A gojEHoA BAA AZ9
Bag Qg A"y HzpAlo] o] A U A

T

WAE AR &5 ARAHoR WEs] et
itk mebd F5 sdE diPde] EA
WAE ArelM s oled 244 dAE B
S8, A FF(replicate tanks)'H FHZA Q1 WHE
BEDI b3 E45 7wt & ddst EA
gt# Sl HHEA] FukEojop & Aow Alg
Hr}

Fgsh, ¥ Qe Aol AugAggeld
) AREEE PV AT 4Y 054
wpat el g W

£ AlFstsivhs Aol
?Oﬂ/ﬂ—t‘ linoleic acid
Alog Hrlslgior
AE 2%t n3 9 n6
A7 dAE o
2 AAE tiab 2 W] A
TEskE AT 7F o] Fojxithd HiPto
AP E Ho AAHOZ olgsl= o =9
Aoz JAeter

A oj97t St D}‘ﬂ 2
9} alpha-linolenic acidE
2, 5o EPASt DHA
A ZHFAke) /\Lixul aok, Z
A
b

Lanm—U
o X

)
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