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RESTORATION OF FLESH FATTY ACID COMPOSITION IN DARKBARBEL CATFISH
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Abstract: This study aimed to evaluate the effects of 50%—100% soybean oil on growth performance and
flesh fatty acid composition of darkbarbel catfish (Pelteobagrus vachelli), so as to assess the effects of re-
feeding fish oil (FO) on flesh fatty acid composition. Four isonitrogenous, isolipidic diets, i.e., FO, soybean
oil (SO), 50% FO+50% SO (S1), and 25% FO+75% SO (S2), were fed to triplicate groups of 40 juvenile P.
vachelli [(1.10+0.12) g] for 80d. At the end of the 80d period, all fish were fed with FO for 30d. The results
showed that growth rates, hepatosomatic index (HS/), and proximate composition in darkbarbel catfish were
not affected by SO. With increasing SO levels, the percentages of oleic acid, arachidonic acid, and monoun-
saturated fatty acids significantly increased (P<0.05). However, docosahexaenoic acid (DHA), eicosapentae-
noic acid (EPA), highly unsaturated fatty acid (HUFA) levels and n-3/n-6 ratios significantly reduced with die-
tary SO (P<0.05). After 30d on FO, flesh levels of DHA, EPA, and £ n-3 HUFA significantly increased in
groups S2 and SO (P<0.05), but not to the same extent as those in the FO-containing groups except S1. The
results revealed that it was possible to substitute almost 100% of FO with SO in the diets of darkbarbel cat-
fish without affecting growth performance. A re-feeding period of 30d with 100% FO significantly increased
flesh levels of £n-3 HUFA, 20:5n-3, and 22:6n-3 in fish which were fed diets containing SO in the first stage.
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In 2002, fish oil (FO) consumption in aquacul-
ture was estimated at 81%, which increased to 88% in
2012". Total FO production in the five main FO-pro-
ducing countries, i.e., Peru, Chile, Iceland, Norway,
and Denmark, was 530000 tons in 2009, a decline of
100000 tons compared to 2008". Global FO supplies
are becoming more costly and less available; there-
fore, aquaculture requires sustainable alternatives to
Fo " Vegetable oils (VOs) are considered to be good
lipid sources for fish diets. Several VOs have been
used as partial or complete replacements of FO 3

VOs are rich in linoleic acid (C18:2 n-6) and
oleic acids (C18:1 n-9), but devoid of n-3 highly un-
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saturated fatty acids (n-3 HUFAs). Linoleic and oleic
acids are absent from the natural diets of most fish ",
VOs contribute to imbalances in certain dietary fatty
acids and affect the n-6/n-3 dietary ratio, which nega-
tively impacts fish growth. In addition, the complete
or partial replacement of FO with VOs is likely to
negatively impact intestinal and hepatic cellular struc-
ture, intestinal function, immune-associated gene ex-
pression, humoral immunity, and disease resistance s
However, FO is rich in health-promoting n-3 long
chain polyunsaturated fatty acids (n-3 LC-PUFAs),
especially eicosapentaenoic acid (EPA), which are be-
neficial for human health ™ 7. Therefore, in aquacul-
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ture, the substitution of FO with VOs may affect
growth and disease resistance, and decrease flesh fatty
acid composition.

To avoid a reduction in flesh n-3 LC-PUFA
levels, VO-fed fish have been switched to FO diets to
assess whether seawater fish can recover their n-3
HUFA levels during their final growth phase o1,
These studies, which have been conducted in Euro-
pean sea bass (Dicentrarchus labrax L.), gilthead sea
bream (Sparus aurata L.), brown trout (Salmotrutta
L), and brook charr (Salvelinus fontinalis)[7’ 1ot
revealed that introducing FO partly restored docosa-
hexaneoic acid (DHA), arachidonic acid (ArA), and
EPA levels in fish "', In freshwater fish, VOs may
induce the activation of 46 and 45 desaturases, which
could elongate and desaturate a-linolenic acid (C18:
3n-3) into n-3 HUFA " However, few studies have
focused on the effects of VOs and finishing FO diets
on the fatty acid composition of freshwater species.

Darkbarbel catfish, Pelteobagrus vachelli, is a
valuable commercial species in China. Due to its high
market value, the demand for this species has grown
considerably in recent years. This study investigated

Tab. 1 Ingredients (g/100 g) and chemical composition of the ex-
perimental diets

Dietary treatments

Ingredients

FO S1 S2 SO
Fish meal 50.00 50.00 50.00 50.00
Flour 35.00 35.00 35.00 35.00
Minerals 3.00 3.00 3.00 3.00
Vitamins” 1.00 1.00 1.00 1.00
Additives 1.00 1.00 1.00 1.00

Fish oil 5.00 2.50 1.50 0.00
Soybean oil 0.00 2.50 3.50 5.00

Chemical composition (g/100 g dry matter)

Dry matter 87.80 89.20 89.20 88.70
Crude protein 45.60 44.30 44.30 44.70
Crude lipid 7.60 7.80 7.80 8.10

Ash 11.20 11.80 11.80 11.90

Gross energy (kJ/g)  18.70 20.10 20.10 18.90

Note: FO: Fish oil diet; S1: 50% soybean 0il+50% fish oil;
S2: 75% soybean 0il+25% fish oil; SO: Soybean oil; a. Mineral
premix (mg/kg diet): NaCl, 500; MgSO,-7H,0, 4575.0;
NaH,P0O,-2H,0, 12500.0; KH,PO,, 16000.0; Ca (H,PO,), H,0,
6850.0; FeSOy, 1250.0; C¢H;(CaO¢'5H,0, 1750.0; ZnSO,-7H,0,
111.0; MnSO,-4H,0, 61.4; CuSO,4-5H,0, 15.5; CoSO,-6H,0, 0.5;
KI, 1.5; Starch, 6, 385.1; b. Vitamin premix (per kg diet): vitamin
A, 5, 500 IU; vitamin D3, 1, 000 IU; vitamin E, 50 IU; vitamin K,
10 mg; niacin, 100 mg; riboflavin, 20 mg; pyridoxine, 20 mg;
thiamin, 20 mg; biotin, 0.1 mg; D-calcium pantothenate 50 mg;
folacin, 5 mg; B12, 20 mg; ascorbic acid, 100 mg; inositol, 100 mg

the effects of soybean oil on darkbarbel catfish
growth performance and flesh fatty acid composition,
and the effects of re-feeding FO on flesh fatty acid
composition.

1 Materials and methods

1.1 Fish growth and experimental design

Juvenile darkbarbel catfish were obtained from
Longfeng fish farm (Meishan, Sichuan, China). Prior
to the experiment, fish were fed a commercial catfish
diet for 2 weeks (Haida, Chengdu, Sichuan, China). A
total of 480 fish [mean weight = SD, (1.10+0.12) g]
were randomly assigned to 12300 L fiberglass tanks
(40 fish per tank). Three tanks were assigned to one
of four experimental diets. The fish lived in 12h:12h
light:dark cycles at (25+2)°C with a mean oxygen
concentration of 6.1—7.3 mg/L. Ammonia and ni-
trate concentrations were < 0.1 mg/L.

1.2 Experimental diets

Four isonitrogenous, isolipidic, and isoenergetic
diets were formulated (Tab. 1): (1) 100% fish oil as
control (FO); (2) 100% soybean oil (SO); (3) 75%
SO+25% FO (S1); and (4) 50% SO+50% FO (S2).
The ingredients were thoroughly mixed, extruded (2-
mm diameter), and air-dried. The fatty acid composi-
tions of the diets are shown in Tab. 2.

Following the 2-week acclimation period, fish
were fed the experimental diets to apparent satiation
twice daily (at 08:00 and 16:00) for 80d (growth pe-
riod, GP); feed consumption was recorded weekly.
Subsequently, 33 fish from each tank were fed a
100% FO-based diet for 30d (restoration period, RP).
1.3 Fish performance and sample collection

Fish were fed the experimental diets for 80d, fol-
lowed by the FO-diet for 30d. At 80 and 110d, fish
were fasted for 24h. Three fish per treatment were an-
aesthetized; tissues were sampled for the determina-
tion of live mass, liver mass, hepatosomatic index
(HSI), flesh dry mass, specific growth rate (SGR),
lipase activity (LPL and HL), and flesh lipid and fatty
acid composition. Live mass was determined by blot-
ting biological material onto filter paper before
weighing. HSI, SGR, and feed conversion factor
(FCR) were calculated by using the following equa-
tions: HSI=liver mass/live massx100; SGR=[Ln(final
weight)—Ln(initial weight)]/number of daysx100;
FCR=dry feed fed/wet weight gain.

1.4 Chemical analyses

Nutritional composition of the flesh and experi-
mental diets were determined by proximate composi-
tion analyses (AOAC, 1990). Briefly, moisture con-
tent was determined by drying the samples to con-
stant weight at 80°C; protein was determined in an
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Tab. 2 Fatty acid composition of the experimental diets (% total
fatty acids; mean+SD, n=3)

Fatty acid FO S1 S2 SO
18:1n-9 42.48 435 46.98 50.61
18:2n-6 17.52 14.7 11.93 7.51
18:3n-6 0.61 0.46 0.43 0.41
20:1n-9 3.12 3.03 222 1.37
20:3n-6 0.31 0.38 0.44 0.37
22:1n-9 2.83 297 3.96 5.05
20:4n-6 0.51 0.37 0.29 0.21

22:2 0.23 — — 0.20
20:5n-3 1.85 1.33 1.14 0.68
24:1n-9 0.24 0.30 0.36 0.48
22:5n-3 0.46 0.32 0.26 0.22
22:6n-3 1.99 1.36 0.52 0.30
YSFA' 23.23 27.00 28.00 30.77

YMUFA® 48.95 50.34 56.39 57.96

YHUFA’ 27.82 22.66 15.61 11.27

n-3* 4.90 3.00 1.92 1.20

n-6" 19.15 15.91 11.09 8.50
n-3/n-6 0.26 0.19 0.17 0.14

Note: ' SFA: saturated fatty acid; ? MUFA: mono unsaturated
fatty acid; * HUFA: high unsaturated fatty acid; *n-3: 20:5 n-3 and
22:6 n-3; *n-6: 18:2 n-6, 18:3 n-6, 20:3 n-6, and 20:4 n-6

automated Kjeldahl instrument (SKD-100, Peiou,
Shanghai, China) using a protein-nitrogen conversion
factor of 6.25; total lipid was determined following
chloroform/methanol (2:1 v:v) extraction; and ash was
determined by incineration in a muffle furnace at
550°C for 18h.
1.5 Enzymatic assays

Frozen liver samples were thawed and homoge-
nized in ice-cold 0.9% physiological saline using a
Bio-gen Series homogenizer (PRO 200, Oxford, CT,
USA). Hepatic homogenates were centrifuged at
15000xg for 15min at 4°C (Centrifuge 5417R, Eppen-
dorf, Germany). The supernatant, free from lipids,
was used to determine the activities of LPL and HL
and the soluble protein content. LPL and HL activi-
ties were determined using an LPL/HL commercial
kit (A067; Nanjing Jiancheng Bioengineering Insti-
tute, Nanjing, China) and expressed in units/mg solu-
ble protein. Protein concentration in the homogenates
was determined by the Bradford method (1976) using
a commercial protein assay kit (Nanjing Jiancheng
Bioengineering Institute) with bovine serum albumin
as the standard.
1.6 Fatty acid analysis

Lipids were extracted using chloroform and
methanol (2:1) el Fatty acids were converted into

methyl esters using an acid-catalyzed methylation
method (GB/T22223-2008). The fatty acid profile
was determined in a capillary gas chromatograph
(GC) coupled to an HP6890 flame ionization detector
and an SPTM-2380 column (30 mmx0.25 mmx0.20
mm). Separation was performed using nitrogen as the
carrier gas. The column temperature was maintained
at 120°C for 5min, then it was heated to 240°C at
4°C/min and maintained at this temperature for
20min. The detector temperature and split injector
(50:1) were maintained at 260°C. Fatty acids were
identified by comparing their retention times with
those of fatty acid standards (Sigma, USA). Peak
areas were determined using Varian software.
1.7 Statistical analyses

Results are presented as mean + standard devia-
tion (mean+SD). Data were analyzed by ANOVA and
Duncan’s multiple range test. The growth parameters
and flesh fatty acid levels in growth and restoration
periods were compared using independent ¢-tests
within the same group; P<0.05 was considered statisti-
cally significant. Statistical analyses were performed
using SPSS software (SPSS 18.0).

2 Results

2.1 Growth performance and proximate composi-
tion

With dietary treatments of 80d, there were no
significant differences in body weight. A—700% in-
crease in weight was observed, with no animal deaths
or differences in feed consumption (Tab. 3). Among
the dietary treatments, there were no significant dif-
ferences in SGR, which ranged from 1.89+0.49 to
2.28+0.39, or in HSI, which ranged from 1.59+0.34 to
1.83+0.38.

After the 30d restoration period on FO, fish grew
an additional —31% (-3 g) relative to their weights at
the end of the 80d growth period (Tab. 3). Final mean
weights at the end of the 30d restoration period
ranged from (11.42+2.71) g (FO) to (14.65+4.13) g
(S1), with no significant differences among the die-
tary treatments. However, fish previously fed S1 and
SO had higher growth rates than fish previously fed
FO or S2. There were no significant differences in
SGR, HSI, or FCR at the end of the restoration period.
In addition, there were no significant differences in
SGR, HSI, or FCR between the growth period and res-
toration period within the same group (Tab. 3).

Proximate composition analysis of fish fillets re-
vealed no significant differences among the dietary
treatments during the growth period or restoration
period. During the two periods, fillet lipid levels
ranged from (7.83%0.76)% to (8.12+0.68)% and from
(7.19£0.97)% to (8.02+0.54)%, respectively (Tab. 4).
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Tab.3 Growth performance of darkbarbel catfish at the end of growth period (GP) and restoration period (RP; % total fatty acids;

mean+SD; n=9)
Group FO S1 S2 SO
RP GP RP GP RP GP RP GP
Initial body weight (g) 1.11£0.17 1.13+0.12 1.11£0.15 1.11£0.12

Final body weight (g) 8.02£3.90 11.4242.71 11.3245.28 14.65+4.13 11.40+4.30 14.62+3.75 8.50+£3.22 12.39+4.17
Feed intake (g/fish) 17.72+1.28  7.75¢1.29  23.78+1.35  8.79+1.47 23.81+1.31  8.83%x1.53 19.75+0.24  8.94+1.46
Liver weight (g) 0.13+0.08  0.19+0.08 0.21+0.12  0.244+0.06 0.21+0.08  0.23+0.05 0.16+0.06  0.23+0.07
SGR (%/d) 1.89+0.49  1.92+0.45 2.20+0.51  2.10+0.48 2.28+0.39  2.25+0.26 1.98+0.35  2.04+0.32
HSI (%) 1.59+0.34  1.62+0.41 1.82+0.33  1.78+0.48 1.83+0.38  1.76+0.45 1.83+0.24  1.69+0.35
FCR 1.92+0.25  1.98+0.34 2.07+£0.32  2.14+0.26 2.18+¢0.23  2.27+0.17 2.21+0.29  2.01+0.36

Note: Means with different superscripts represent statistically significant differences within the same row (P<0.05); the same applies

below

Tab. 4 Proximate composition (%) of darkbarbel catfish at the end of the 80d period on the experimental diets and at the end of the 30d
period on the fish oil diet (mean+SD; n=3; N=36)

Dietary treatments

Groups
FO S1 S2 SO
Flesh on experimental diet (80d)
Moisture 75.42+1.79 76.12+1.53 75.99+1.86 74.76+1.81
Protein 16.23+0.62 16.83+0.71 15.91+0.98 16.72+0.49
Lipid 7.83+0.76 8.12+0.68 7.98+0.82 7.59+0.94
Ash 1.25+0.83 1.17+£0.96 1.22+0.65 1.29+0.47
Flesh on FO diet (30d)
Moisture 74.98+2.46 75.91+1.38 75.69+1.86 76.13+1.25
Protein 17.35+0.92 17.62+0.85 17.47+0.33 16.94+0.28
Lipid 7.65+0.84 7.194+0.97 8.02+0.54 7.98+0.69
Ash 1.19+0.96 1.2840.57 1.17+0.64 1.24+0.39

2.2 LPL and HL activities

Tab. 5 shows the effect of SO on hepatic HL and
LPL activities. The dietary treatments had no effect
on hepatic HL activity, but SO significantly reduced
hepatic LPL activity (P<0.05). After re-feeding with
FO, LPL activities in groups S2 and SO increased;
however, the LPL activity in these groups was signi-
ficantly lower than those in groups FO and S1
(P<0.05).
2.3 Flesh fatty acid composition during growth and
restoration periods

During the 80d growth period, flesh fatty acid
composition was affected by dietary treatment (Tab.
6). Total saturated fatty acids (D.SFAs) were 17.85%
in SO and 28.51% in FO. SFAs were significantly re-
duced with dietary SO (P<0.05). However, the diet
with 100% SO significantly increased (P<0.05) the
levels of monounsaturated fatty acids (MUFAs) such
as oleic acid (C18:1n-9). Total n-3 HUFA levels,
which ranged from 3.04% in S2 to 4.39% in FO, sig-
nificantly decreased with increasing SO levels
(P<0.05). EPA ranged from 0.45% in SO to 0.66% in

FO. DHA significantly decreased with increasing SO
levels (P<0.05). However, ARA levels were signifi-
cantly higher in SO (0.49%) than in FO (0.31%)
(P<0.05).

The flesh fatty acid composition with the 30d
restoration FO diet is shown in Tab. 6. For each
group, the flesh fatty acid levels in the growth period
were compared with those in the restoration period. In
S1, flesh 22:6n-3 levels significantly increased
(P<0.05). In S2, flesh C18:1n-9 and Zn-6 levels signi-
ficantly decreased, while flesh Zn-3 HUFA, C20:5n-
3, C22:5n-3, n-3/n-6, and C22:6n-3 levels signifi-
cantly increased. In SO, flesh X n-9, X n-6, and 18:3n-
6 levels significantly decreased, while flesh £n-3
HUFA, C20:5n-3, C22:5n-3, and C22:6n-3 levels sig-
nificantly increased.

3 Discussion

This study revealed that darkbarbel catfish fed
diets containing SO for 80d had slightly higher
growth rates than those fed FO (P>0.05) (Tab. 3).
This result was similar to findings reported for
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Tab.5 LPL and HL activities at the end of the 80d period on the experimental diets and at the end of the 30d period on the fish oil diet
(mean+SD; n=9)

Dietary treatments

Groups
FO S1 S2 SO

On experimental diet (80d)

LPL 1.59+0.12" 1.28+0.09° 1.09+0.13" 0.97+0.08"

HL 1.51+0.09 1.47+0.15 1.39+0.17 1.45+0.08
On FO diet (30d)

LPL 1.85+0.15" 1.78+0.08" 1.45+0.11° 1.15+0.08"

HL 1.65+0.12 1.62+0.08 1.62+0.06 1.40+0.11

Tab. 6 Flesh fatty acid composition at the end of growth period (GP) and restoration period (RP; % total fatty acids; mean+SD; n=9)

FO S1 S2 SO
Groups
GP RP GP GP RP GP RP
X SFA 28.51+1.06°  28.90+0.21 23.72+1.10° 24.08+0.94 22.96+0.32° 24.83+0.59 17.85+0.49° 19.68+0.92*
SMUFA  51.5742.59" 51.0340.63  58.57+1.44° 58.10£1.72  59.97+0.61° 58.11£0.83  60.7241.24° 60.41+1.47
= n-9 19.91£2.50®  20.05+0.61 17.70+0.36°  18.49+1.70 17.05£0.66° 17.0440.40 21.41+1.22" 18.89+0.57*
18:1n-9 44.8242.41° 44424054 53.46+1.51° 53.07+1.55  553240.50° 52.58+0.82*  57.60+1.03° 57.50+1.67
L n-6 43.2042.42°  43.05£0.50 50574134 49.62:1.77  52.7240.66° S50.43£0.83*  53.92+1.11° 51.33£1.69*
18:2n-6 1477£1.71  14.658042 13444052  14.19+1.13 13.45£0.54 13.99+0.16  13.46+1.14  13.93+0.59
18:3n-6 12.91+1.19° 12.65+0.42 12.26+0.63" 12.43+1.02 11.96+0.66" 11.47£0.15 14.52+1.14° 12.96+0.49*
20:4n-6 0.31£0.03"  0.32+0.01 0.37+0.02°  0.35+0.01 0.4240.04>  0.40%0.02 0.49+0.05°  0.44+0.01*
Tn-3HUFA  439+0.53° 4.30+0.40 3.80+0.75°  4.07£0.72 3.04+0.11°  3.43+0.23* 3.08+0.28°  3.42+0.12*
20:5n-3 0.66£0.08"  0.61£0.06 0.57+0.04°  0.60+£0.08 0.47+0.08  0.52£0.09*  045+0.05°  0.49+0.05*
22:5n-3 0.56£0.01°  0.53+0.05 0.41£0.01°  0.44%0.03 0.37£0.01°  0.43£0.01*  (035:0.01°  0.42+0.06*
22:6n-3 3.16£0.41°  3.18+0.32 23940350 2.82+0.41%  223+0.10° 2.69£0.17*  229+020°  2.65+0.19%
n-3/n-6 0.29+0.01° 0.29+0.02 0.28£0.06"  0.29+0.06 0.22+0.00°  0.26£0.01%  (023+0.02° 0.25+0.01

Note: Only major fatty acids and fatty acid classes are reported; Means within the same rows with different superscripts are signifi-

cantly different within GP (P<0.05). Means with asterisk superscripts are significantly different between GP and RP within the same group

(P<0.05)

sharpsnout sea bream (Diplodus puntazzo), brown
trout (S. trutta L.), and brook char (Salvelinus
fontinalis) 12149 The complete or partial replace-
ment of FO with VO did not affect fish growth, pos-
sibly because there were no differences in FCR.
Moreover, a-linolenic acid (C18:3n-3) was possibly
desaturated into n-3 HUFA in the darkbarbel catfish
P. vachelli, thereby meeting n-3 HUFA requirements
for growth. In addition, previous studies have repor-
ted no significant effects of VO on the HSI of turbot
(Psetta maxima) or rainbow trout (Oncorhynchus
mykiss) "' '™, Similarly, soybean oil did not signifi-
cantly increase HSI in darkbarbel catfish P. vachelli.
However, soybean oil-based diets significantly in-
creased HSI, compared to FO-based diets in sharps-
nout seabream (D. puntazzo) e

In this study, SO diets significantly reduced he-
patic LPL activities with decreasing dietary levels of
DHA, EPA, and linoleic acid (Tab. 5). Similar results
have been reported by Michaud et al"™, who ob-

served that EPA decreased LPL mRNA levels, but li-
noleic acid increased LPL mRNA levels. However,
Richard et al. *” reported that the replacement of 60%
FO with VO did not significantly affect hepatic lipo-
genesis or LPL activity in the liver and adipose tis-
sues. Also, VO did not significantly influence hepatic
HL activity. In red sea bream (P. major), HL gene ex-
pression levels were not affected during fasting or re-
feeding stages e

In this study, with increasing dietary SO, flesh
MUFA and C18:1n-9 levels increased (P<0.05), in
accordance with the dietary fatty acid composition
(Tab. 6). Similarly, the proportions of C18:1 n-9,
C18:2 n-6, and C18:3 n-3 in Atlantic salmon (S.
salar) flesh increased with increasing dietary rape-
seed oil levels 2. Meanwhile, C20:5n-3, C22:6n-3,
n-3 HUFA, and n-3/n-6 ratios in P. vachelli de-
creased with the addition of SO (P<0.05), correlating
with the dietary levels. Similar results have been re-
ported in marine species and fresh water species, such
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as turbot (P. maxima), gilthead sea bream (S. aurata),
and sharpsnout seabream (D. puntazzo) 11 1 At
lantic salmon (S. salar), VO diets (33% of total oil)
significantly reduced the flesh levels of C20:5n-3 and
C22:6n-3 (by 70% and 75%, respectively), relative to
the flesh levels in FO-fed fish . Therefore, flesh
fatty acid composition was representative of the die-
tary fatty acid profile. In addition, there was selective
deposition of DHA in darkbarbel catfish P. vachelli,
turbot (P. maxima), and Atlantic salmon (S. salar) .22
Flesh C22:6n-3 levels were consistently higher than
those in the experimental diets in P. vachelli (Table 6).
Bell et al.”'and Froyland et al. [24]reported that this
selective deposition was attributable to the high spe-
cificity of fatty acyl-transferases for C22:6n-3 and to
higher beta oxidation of C22:6n-3, compared to that
of C20:5n-3. C20:5n-3 levels in European sea bass
(D. labrax) flesh were lower than those in rapeseed,
linseed, or soybean oil-containing diets 1 This re-
sult was similar to that obtained in this study (Tab. 6).

After 30 d with a finishing FO diet, flesh Zn-3
HUFA, C20:5n-3, and C22:6n-3 levels in the S2 and
SO groups significantly increased, but not to the ex-
tent found in fish fed FO for 110d (Tab. 6). Foun-
toulaki et al."'" reported that feeding FO to gilthead
sea bream (S. aurata L.) for 120d was not sufficient
for the restoration of C20:5n-3 and C22:6n-3 levels.
Similar conclusions were reached in European sea
bass (D. labrax) fed 60% VO followed by FO for 5
months . However, Izquierdo et al. (el reported that
flesh C22:6n-3 and C20:4n-6 levels in gilthead seab-
ream (S. aurata) were restored after a 7-month feed-
ing trial to levels of 60%—80% following a 3-month
re-feeding period with FO. These results revealed that
restoration of 20:5n-3 and 22:6n-3 in flesh with FO
finishing diets may be different in different fish spe-
cies; 30d FO finishing diets could significantly in-
crease Xn-3 HUFA, C20:5n-3, and C22:6n-3 in P.
vachelli fed with SO in the growth period.

In summary, the results of this study suggest that
in the diets of darkbarbel catfish, soybean oil may
substitute for almost 100% of the FO without affect-
ing the growth rates. A re-feeding period of 30 d with
100% FO may significantly increase levels of n-3
HUFA, C20:5n-3 and C22:6n-3 in flesh, after feed-
ing diets containing =50% SO.
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