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Abstract

This study determinated the enrichment effect of rotifers (Brachionus plicatilis) with
Algamac 3050, Olio »-3 and Selco parkle supplemented with L-carnitine on fatty acid
composition. Rotifers were enriched with singly or in a combination of commercial
products with or without L-carnitine; S. parkle, S. parkle+Algamac 3050, S. parkle+Olio
-3, S. parkle+Algamac 3050+Olio ®-3, S. parkle+L-carnitine, S. parkle+Algamac
3050+L-carnitine, S. parkle+Olio ®-3+L-carnitine, S. parkle+Algamac 3050+Olio ®-
3+L-carnitine. Considerable differences were found in the fatty acid composition of B.
plicatilis fed with commercial enrichment diets. The highest EPA, DHA and PUFA were
determined in rotifers enriched with S. parkle+Olio m-3+L-carnitine, S. parkle+Algamac
3050+L-carnitine, S. parkle+Olio ®-3+Algamac 3050+L-carnitine, respectively at 6
hour. The enrichment duration was found to have significant effect on PUFA content of
rotifers (p<0.05). This study clearly showed that L-carnitine can be used with commercial
products to enrich the fatty acid contents of rotifers in marine fish hatcheries.
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Introduction
As the digestive systems of marine fish
larvae are not fully developed during the
first feeding period, rotifer is generally
used as a starter food. Thus, rotifer is a
key factor in the production of marine
fish larvae (Lubzens et al., 2003).
However, insufficient nutrient content of
rotifers,  especially = meeting the
requirements of essential fatty acids,
reduces the survival rate of larvae (Holt,
2011). The fatty acid and population
growth deficiencies of rotifers are
corrected with use of natural sources,
like phytoplanktons or commercial
enrichment agents (Ferreira et al., 2008;
Castillo et al., 2009; Mahre et al., 2013;
Eryalgin, 2018; Ozdogan and Savas,
2021; Ozdogan and Savas, 2022). Fatty
acids are the major target nutrients in
enrichment of rotifers, but some other
key nutrients including essential amino
acids and vitamins, like L- carnitine, are
also enriched due to their roles in the
growth of larvae (Harpaz, 2005). L-
carnitine has attracted the attention of
many researchers for decades because of
its important functions in oxidation of
long-chain fatty acids by mitochondria
(Voet and Voet, 1995) and stimulation of
protein-sparing action by dietary energy
derived from lipids (Harpaz, 2005; Fathi
and Farahzadi, 2014). Another important
function of L-carnitine is to shuttle
short-chain fatty acids from inside the
mitochondria to the cytosol, thereby
responsible for maintaining energy
metabolism of the whole body level
(Bremer, 1997).

Although there are many existing
studies on effects of feeding live food

supplemented with L-carnitine on the
larval growth and survival rates of
different fish species (Chen et al., 2011,
Swagat et al., 2017), information on the
effects of L-carnitine enrichment on live
prey is lacking. Hence, the aim of this
study was to determine the effect of
different ~ commercial enrichment
products (Selco parkle, Olio ®-3 and
Algamac 3050) with or without L-
carnitine addition on the fatty acid
contents of rotifer.

Materials and methods

Rotifer culture

Rotifer specimen (Brachionus plicatilis,
L-strain 260-340 pm) were obtained
from Mediterranean Fisheries Research,
Production and Training Institute,
Beymelek Center Unit, Antalya, Turkey.
The trials were carried out at the Live
Feed Laboratory of Egirdir Fisheries
Faculty, Isparta University of Applied
Sciences, Isparta, Turkey. Rotifers were
cultured in 5-L containers under
continuous illumination over 24 hours at
the laboratory. Seawater used in the
study was filtered through sand,
cartridge, ultraviolet (280-315 nm) and
biological  filters.  The salinity,
temperature, dissolved oxygen and pH
were adjusted to be 25%o, 25+1°C, 8.3 to
14.6 mg/L and 7.5+0.5, respectively.

Rotifer enrichment

The rotifers during mass cultures were
fed with powdered microalgae of S.
parkle (INVE Aquaculture Inc. USA).
The commercial enrichment products
used in the experiment were Olio ®-3
(BernAgua Inc. Belgium), Algamac
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3050 (Aquafauna Bio—Marine Inc.
USA) and L-carnitine (Lonza Group,
Switzerland). The nutritional
composition of commercial products
stated by the companies is given in Table
1.

Table 1: Nutritional composition of
commercial products (Anonymous
2022a, b, c). EPA: Eicosapentaenoic
acid, DHA; Docosahexaenoic acid.

Nutrient S. Olio  Algamac
(%) parkle ®-3 3050
Moisture 58 34 2.1
Protein 2 - 17.6
Lipid 32 65 56.2
EPA - 12 2.8
DHA - 6 43.2

The control treatment in the experiment
was Rotifers fed only with S. parkle
whereas the other enrichment treatments
were S. parkle+Algamac 3050 (Group
I), S. parkletOlio -3 (Group lI), S.
parkle+Algamac 3050+Olio -3 (Group
I11), S. parkle+L-carnitine (Group 1V),
S. parkle+Algamac 3050+L-carnitine
(Group V), S. parkle+tOlio ®-3+L-
carnitine (Group Vi), S.
parklet+Algamac 3050+Olio  ®-3+L-
carnitine (Group VII). All treatments
were tried in triplicated containers.
Rotifers were enriched twice with the
commercial ~ products at  doses
recommended by the manufacturers, but
L-carnitine was applied once at a
concentration of 100 mg L-1 at the
beginning of the enrichment process.
After enrichment periods of 6 and 12
hours, rotifer samples were taken by
filtering the enrichment medium. The
samples were frozen and kept at -80°C
until fatty acid analysis.

Fatty acid analysis

The lipid fractions of samples were
extracted according to Bligh and Dyer
(1959). The fatty acid percentages of
lipids were analyzed by gas
chromatography (Christie, 1989). The
analyses were conducted in triplicate.

Statistical analyses

The statistical analyses of the
experimental data were carried out using
SPSS 21.0 software (SPSS, Inc., USA).
The parameters for each feeding
regimen were compared using one-way
analysis of variance at a significance
level of p<0.05 and the differences
between  the  treatments  were
discriminated using Tukey’s multiple
comparison test. In addition, a two-way
ANOVA analysis was carried out to test
the effects of treatments, time (6 and 12
hours) and their interactions.

Results

According to the results of the
experiment,  significant  differences
(p<0.05) were determined among the
treatments in terms of fatty acid contents
of rotifers both after 6 and 12 hours of
enrichment (Table 2). Long-chain fatty
acids contents including EPA and DHA
of the control group rotifers were
significantly lower (p<0.05) than the
other diet groups. EPA contents of
rotifers enriched with Olio ®-3 were
found to be higher than other
experimental groups. DHA contents of
rotifers enriched with Algamac 3050
were found to be higher than those in
other experimental groups. A significant
increasing effect of L-carnitine inclusion


https://dor.isc.ac/dor/20.1001.1.15622916.2022.21.4.3.5
https://jifro.ir/article-1-4049-en.html

1100 Ozdogan and Savas, The effect on fatty acid contents of Rotifer (Brachionus plicatilis) of ...

[ Downloaded from jifro.ir on 2025-11-17 ]

[ DOR: 20.1001.1.15622916.2022.21.4.3.5 ]

on the enrichment media of S. were determined, particularly at 6 hours
parkle+Olio ®-3, S. parkle+Algamac after enrichment (Table 2).

3050 and, S. parkle+Olio w-3+Algamac

3050 on EPA, DHA and total

polyunsaturated fatty acids (PUFA)

Table 2: Effect on the fatty acid content (%) of rotifers supplemented with or without L-carnitine
commercial products fed with 6 and 12 hours feeding time (meanzstandard error).

Fatty Time Experimental groups* Two-way Anova (P values)
Acids (h) Control 1 2 3 4 5 6 7 Treatment Time interaction

0,21+ 0,59+ 0,19+ 0,43+ 0,22+ 0,23+ 0,37+
6 - 0,04° 0,03 0,03 003 001° 001 0,02

12:0 0,001 0,001 0,001
12 0,16+ 0,20+ 0,13+ 025+  0,01x 011+ ) 0,22+
0,01%¢ 0,042 0,02°d 0,042 0,034 0,01 0,01
341+ 489+ 4,55+ 856+ 4,25+ 322+ 4,16+ 781+
6 001 003 007 003 001° 003 003 001

14:0 0,001 0,001 0,001
12 4,85+ 5,80+ 5,13+ 8,48+ 6,3+ 3,95+ 5,15+ 7,1+

0,01 0,03¢ 0,01° 0,03? 0,01° 0,019 0,0° 0,01°

0,45+ 0,15+ 0,33 0,07+ 058+ 034+ 038+ 0,29+
0,01° 0,04¢ 0,02¢ 0,01¢ 0,017 0,01°  0,01° 0,05
14:1 0,001 0,001 0,001
0,86+ 0,58+ 0,37 0,35+ 0,13+ 0,79+ 022+ 0,65+

12 004 002 005 00 001 001 001 002
6 1556+ 030 1045+ 17se  12@se 789 9,89 1202
0,03 t o 002 001" 002 005 00l 005
16:0 0,02 0,001 0,110 0,001
12 13,87+ 8,41+ 10,63+ 13,64+ 11,13+ 10,04+ 10,61+ 13,33+
002 0,01 0,04° 006° 001 004’ 006  0,01°
6 901+ 746+ 850+ 339 1230+ 567+ 924+ 250+

0,15° 0,01° 0,04¢ 0,03¢ 0,03 0,02 0,01° 0,07"

16:1 0,001 0,239 0,001
12 10,36+ 6,24+ 8,88+ 3,37+ 109+ 554+ 9,65+ 3,24+

0,04° 0,01° 0,06° 0,019 0,02° 0,02 0,05° 0,039

5,67 3,31+ 8,96+ 0,66+ 562+ 532+ 7,82+ 0,40+
0,03° 0,01° 0,03* 0,02 0,01° 0,01¢ 0,0° 0,039
18:0 0,001 0,001 0,001
6,57+ 4,23+ 9,12+ 0,71+ 494+ 4,09+  7,95% 0,5+

12 0022 002  001* 0019 003 005 006" 001"

6 21,96+ 796+ 735t 549+ 1961+ 632 554+ 466+

1841 001" 002 004 002 00 003 002 003
: 0,001 0,001 0,001

no 1p 2210+ 802 697t 521+ 1sgrx 789t 913t 4,00

007 004  001° 06 00# 001 001° 005

6 573+ 469+ 505+ 565t 256+ 648+ 571 461+

18:1 001° 002  000° 005 004 0022 003 001
; 0,001 0,001 0,001

n 484+  525: 669t  652¢ 478+ 479t 275k 584%

12 003 004 003 002 001f 001" 002 002

6 1114+ 263+ 703 837+ 1285t 160+ 555¢ 7,4lx

182 001° 005  001°  ,02¢ 00 007" 003 001
A 0,001 0,001 0,001

n 1p 1207 100t 667t 78l 1256: 105t 447 7,02«

001° 007 003 002 004 006 004 001

6 259+ 586+ 863 534t 2095+ 442+ 832 435

18:3 0059 003 0022 001 004 001° 001 001
A 0,001 0,001 0,001

n 12 127+ 533 638+ 556t 3,099+ 434x 328 441+

0,019 0,01° 0,022 0,06° 0,05° 0,02¢ 0,02 0,01¢
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Table 2 (continued):

Fatty Time Experimental groups* Two-way Anova (P values)
Acids (h) Control 1 2 3 4 5 6 7 Treatment Time interaction
6 085+ 132+ 1,03+ 1,15+ 075+ 1,34+ 1,18+ 126+
20:4 0,03¢ 0,012 0,02¢ 0,04°¢ 0,01f 0,017 0,02 0,02
) 0,001 0,145 0,001
né 12 0,89+ 101+  077% 14+ 1,13+ 122+ 0,96+ 1,39+
001  001°  001° 00 001° 003 005¢ 0,03
6 475+ 7,49+ 1875+ 1273+ 575+ 7,65+ 2229+ 1565+
205 0,03" 0,03f 0,04° 0,06 0,019 0,03¢ 0,06 0,03°
: 0,001 0,001 0,001
n3 1 499+ 7,05+ 17,9620 12,6+ 48 786 2022+ 1427
0,019 0,04 ,01° 0,02¢ 001" 005 001 00
6 786+ 3279+ 745 2420+ 7,96+ 3855+ 7,87 27,32+
22:6 0,01° 0,04° 0,02f 0,04¢ 0,02¢ 0,03 0,03¢ 0,01°
5 0,001 0,001 0,001
n3 12 6,06: 3561+  914xr 228t 871 3676r l4der 2511
0,04" 0,04 0,06 0,014 0,019 002  001° & 2°
6 2464+ 1877+ 24,54+ 2216+ 2315+ 1664+ 2210+ 20,50+
0,07* 0,04¢ 0,05¢ 002 008 004 008 001
SFA 0,001 0,001 0,001
12 2544+ 1864+ 2501+ 2308+ 22,38+ 1819+ 2371x 2115+
0,05¢ 0,030 0,01 001 00 001" 003 002
6 37,05+ 2026+ 21,22+ 1460+ 3513+ 1880+ 2087+ 12,06t
MUF 0,17¢ 0,04 0,02° 001f 008 085  004¢ 004
0,001 0,001 0,001
A 12 38,16+ 2009+ 22,91+ 1545+ 3484+ 19,01+ 21,75+ 14,72+
0,13 0,03 0,06° 005 001" 005 005 002"
6 27,19+ 5009+ 42,89+ 5180+ 3026+ 5355+ 4521+ 5598+
PUE 0,05" 0,06¢ 0,04 00% 0018 00" 007 004
0,001 0,001 0,001
A 12 2527+ 50,18+ 40,92+ 5017+ 3121+ 5123+ 4341+ 53,1
0,019 0,01° 0,02¢ 007 004 009  011¢ 05

S. parkle (Control); S. parkle+Algamac 3050 (I); S. parklet+Olio -3 (1); S. parkle + Algamac 3050+0Olio
-3 (I11); S. parkle+L-carnitine (IV); S. parkle+Algamac 3050+L-carnitine (V); S. parkle+Olio ®-3+L-
carnitine (VI); S. parkletAlgamac 3050+Olio »-3 + L-carnitine (VI1), Different latter in the same columns

indicates significant differences (p<0.05).

Comparing 6 and 12 hours of enrichment
times of rotifers, it was found that
enrichment time significantly affected
PUFA content (p<0.05). Besides, when
L-carnitine was added, saturated fatty
acid (SFA) and monounsaturated fatty
acid (MUFA) declined in rotifers which
were enriched with commercial products
but PUFA increased (Table 2). The
highest PUFA level was determined in
rotifer enriched with S. parkle+Olio ®-
3+Algamac 3050+L-carnitine for 12
hours, and the differences among the
groups were statistically significant
(p<0.05). After 6 and 12 hours of
enrichment, the PUFA levels of the
rotifers enriched with L-carnitine added
commercial products were significantly

higher (p<0.05) than those without the
addition of L-carnitine.

Two-way ANOVA analysis revealed
that the treatment effects on all fatty
acids and fatty acid groups were
significant (p<0.05). When the effect of
period or enrichment duration was
considered, the levels of all fatty acids,
except for 16:0, 16:1 and 20:4n-6,
significantly changed between 6 and 12
hours. Significant P values were also
detected for treatmentxtime interactions
in all fatty acids and fatty acid groups,
suggesting that the enrichment products
differently changed the fatty acid
profiles of rotifers with time.
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Discussion

In recent years, different commercial
products have been developed to
enhance PUFA contents of live foods
and those products are widely used in
marine finfish hatcheries. Rotifers that
are used in feeding marine fish larvae
must have high fatty acid content in
terms of especially EPA and DHA to
meet the larval requirements. Many
researchers have studied and developed
various enrichment products and
enrichment procedures to increase the
PUFA contents of rotifers (Saidi et al.,
2018; Giménez Papiol and Estévez,
2019; Wagalevu et al., 2019; Matsui et
al., 2022). The nutritional content of
rotifers can be improved using
microalgae, lipid emulsions and lipid-
enriched microcapsules with short or
long-term enrichment periods
(Conceicdo et al., 2010). There are
commercial products that are highly
efficient in improving nutritional content
of rotifers (Yang et al., 2009; Chen et al.,
2010).

The results of the present study
showed that rotifer enriched with
Algamac 3050 significantly increased
the DHA and PUFA level of rotifer
compared with other treatments.
Morever, this results are consistent with
those reported by enrichment studies
with Algamac products (Fu et al., 2021).
On the other hand, EPA content of
rotifers increased with the enrichment of
Olio ®-3, which is similar to the results
of the previous studies conducted by
(Lundova et al., 2018), who enriched
artemia with Olio ®-3. The fatty acid
profiles of the rotifers are a reflection of

the content of EPA and DHA in the
enrichments of Olio w-3 and Algamac
3050 (Table 1) to rotifer in the current
study.

The fatty acid content of rotifer
groups enriched with commercial
products supplemented with or without
L-carntine were significantly different
(p<0.05). It is stated that the fatty acid
metabolism  of fish fed with
supplemented L-carnitine was effective
(Harpaz, 2005). Rotifer enriched with L-
carnitine showed an increase in terms of
PUFA. EPA levels of rotifers in the
present study are consistent with those
reported by Cavalin and Weirich (2009),
Carrier et al. (2011), Olivotto et al.
(2011), and Boglino et al. (2014). DHA
levels found in this study were similar or
higher than those reported by Abu-Rezq
et al. (2002), Haché and Plante (2011),
Dantagnan et al. (2013), Ma and Qin
(2014), and Hauville et al. (2016).
Essential fatty acid content of rotifer
enriched with commercial products
supplemented with L-carntine was
similar to studies mentioned above.
Morever, EPA and DHA in fatty acid
content of rotifer were comparable or
higher than previous studies.

It is known that enrichment duration
can affect the fatty acid contents of the
live feed (Immanuel et al., 2007).
However, there are studies reporting that
enrichment time has no significant
impact on fatty acid contents of live
foods (Estévez and Giménez, 2017;
Kotani et al., 2017). In the present study,
enrichment time significantly affected
the essential fatty acids of rotifer. The
highest EPA, DHA and PUFA were
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determined enriched with S. parkle+QOlio
o-3+L-carnitine, S. parkle+Algamac
3050+L-carnitine, S. parklet+Olio ®-
3+Algamac 3050+L-carnitine in rotifer
respectively at 6 hours of enrichment.
Increase of rotifers PUFA content was
determinated  enough  enrichment
duration of 6 hour’s.

In conclusion, L-carnitine can be used
in combination  with high-fat
commercial products while enriching the
nutrient content of rotifers in
aquaculture applications. This may
positively contribute to the economic
efficiency of marine finfish hatcheries.
Future studies should be focused on the
effects of rotifers enriched L-carnitine
supplemented products on larval
survival and growth performance.

References

Abu-Rezq, T., Al-Abdul-Elah, K.,
Duremdez, R., Al-Marzouk, A.,
James, C.M., Al-Gharabally, H.
and Al-Shimmari, J., 2002. Studies
on the effect of using the rotifer,
Brachionus plicatilis, treated with
different  nutritional  enrichment
media and antibiotics on the growth
and survival of blue-fin sea bream,
Sparidentex hasta (Valenciennes),
larvae. Aquaculture Research, 33(2),
117-128.
https://doi.org/10.1046/j.1365-
2109.2002.00658.x.

Anonymous, 2022a. Inve Agquaculure
Web-site:
https://www.inveaquaculture.com.

Anonymous, 2022b. Bernaqua web-
site: https://www.bernaqua.com.

Anonymous, 2022c. Aquafauna Bio-
Marine web-site:
https://www.aquafauna.com.

Bligh, E.G. and Dyer, W.J., 1959. A
rapid method of total lipid extraction
and purification. Canadian Journal of
Biochemistry and Physiology, 37(8),
911-917.
https://doi.org/10.1139/y59-099.

Boglino, A., Wishkerman, A., Darias,
M.J., Iglesia, P., Andree, K.B.,
Gisbert, E. and Estévez, A., 2014.
Senegalese sole (Solea senegalensis)
metamorphic  larvae are more
sensitive to pseudo-albinism induced
by high dietary arachidonic acid
levels than post-metamorphic larvae.
Aquaculture, 433, 276-287.
https://doi.org/10.1016/j.aquaculture.
2014.06.012.

Bremer, J., 1997. The role of carnitine
in cell metabolism. In Carnitine today
(pp. 1-37). Springer, Boston, MA.

Carrier, J.K., Watanabe, W.O,,
Harel, M., Rezek, T.C., Seaton, P.J.
and Shafer, T.H., 2011. Effects of
dietary arachidonic acid on larval
performance, fatty acid profiles, stres
resistance and expression of Na+/K+
ATPase mRNA in black sea bass
Centropristis striata. Aquaculture,
319, 111-121.
https://doi.org/10.1016/j.aquaculture.
2011.06.027.

Castillo, E.C., Gapasin, R.S. and
Leafio, E.M., 2009. Enrichment
potential of HUFA-rich
thraustochytrid Schizochytrium
mangrovei for the rotifer Brachionus
plicatilis. Aquaculture, 293(1), 57-
61.


https://doi.org/10.1046/j.1365-2109.2002.00658.x
https://doi.org/10.1046/j.1365-2109.2002.00658.x
https://doi.org/10.1139/y59-099
https://dor.isc.ac/dor/20.1001.1.15622916.2022.21.4.3.5
https://jifro.ir/article-1-4049-en.html

[ Downloaded from jifro.ir on 2025-11-17 ]

[ DOR: 20.1001.1.15622916.2022.21.4.3.5 ]

1104 Ozdogan and Savas, The effect on fatty acid contents of Rotifer (Brachionus plicatilis) of ...

https://doi.org/10.1016/j.aquaculture.
2009.04.008.

Cavalin, F.G. and Weirich, C.R,,

2009. Larval performance of
aquacultured  Florida  pompano
(Trachinotus carolinus) fed rotifers
(Brachionus plicatilis) enriched with
selected commercial diets.
Aquaculture, 292, 67-73.
https://doi.org/10.1016/j.aquaculture.
2009.03.042.

Chen, G., Zhang, M., Zhang, J., Dong,

H., Zhou, H., Tang, B. and Gu, B.,
2010. Effects of L-carnitine and
dietary protein on body composition
and liver lipid content in juvenile new
GIFT strain Nile tilapia
(Oreochromis niloticus). Journal of
Applied Animal Research, 37(2),
141-144.
https://doi.org/10.1080/09712119.20
10.9707113,

Chen, Y., Lin, L., Song, D., Pei, H.,,

Dong, J., Dong, X., ChenXia, G.
and Zhang, D., 2011. Effects of L-
carnitine enriched Artemia on fatty
acids composition and C/N ratio in
first feeding larvae of common carp,
Cyprinus  carpio. Journal  of
Northwest A & F University-Natural
Science Edition, 39(6), 31-36.

Christie, W.W., 1989. Gas

Chromatography and lipids: A
practical guide. Clinical Chemisty,
35(9), 2021.
https://doi.org/10.1093/clinchem/35.
9.2021. Ayr, Scotland: The Oily
Press, 307 P.

Conceicdo, L.E., Yufera, M,

Makridis, P., Morais, S. and Dinis,
M.T., 2010. Live feeds for early

stages of fish rearing. Aquaculture

Research, 41(5), 613-640.
https://doi.org/10.1111/].1365-
2109.2009.02242 .

Dantagnan, P., Borquez, A., Pavez, C.

and Hernandez, A., 2013. Feeding
®-3 PUFA enriched rotifers to
Galaxias maculatus (Jenyns, 1842)
larvae reared at different salinity
conditions:  effects on growth
parameters, survival and fatty acids
profile. Latin American Journal of
Aquatic Research, 41(3), 404-411.
https://doi.org/10.3856/vol41-issue3-
fulltext-4.

Eryalgmmn, K.M., 2018. Effects of

different commercial feeds and
enrichments on biochemical
composition and fatty acid profile of
rotifer (Brachionus plicatilis, Miller
1786) and Artemia franciscana.
Turkish Journal of Fisheries and
Aquatic Sciences, 18(1), 81-90.
https://doi.org/10.4194/1303-2712-
v18 1 09.

Estévez, A. and Giménez, G., 2017.

Optimization of emulsion properties
and enrichment conditions used in
live prey enrichment. Aquaculture
Nutrition, 23(6), 1264-1273.
https://doi.org/10.1111/anu.12501.

Fathi, E. and Farahzadi, R., 2014.

Application of L-carnitine as
nutritional supplement in veterinary
medicine. Romanian Journal of
Biochemistry, 51(1), 31-41.

Ferreira, M., Maseda, A., Fabregas, J.

and Otero, A., 2008. Enriching
rotifers with “premium” microalgae.
Isochrysis aff. galbana clone T-ISO.
Aquaculture, 279(1-4), 126-130.


https://doi.org/10.1080/09712119.2010.9707113
https://doi.org/10.1080/09712119.2010.9707113
https://doi.org/10.1111/j.1365-2109.2009.02242.x
https://doi.org/10.1111/j.1365-2109.2009.02242.x
https://doi.org/10.4194/1303-2712-v18_1_09
https://doi.org/10.4194/1303-2712-v18_1_09
https://doi.org/10.1111/anu.12501
https://dor.isc.ac/dor/20.1001.1.15622916.2022.21.4.3.5
https://jifro.ir/article-1-4049-en.html

[ Downloaded from jifro.ir on 2025-11-17 ]

[ DOR: 20.1001.1.15622916.2022.21.4.3.5 ]

Iranian Journal of Fisheries Sciences 21(4) 2022 1105

https://doi.org/10.1016/j.aquaculture.
2008.03.044.

Fu, Z., Yang, R., Zhou, S., Ma, Z. and

Zhang, T., 2021. Effects of rotifers
enriched with different enhancement
products on larval performance and
jaw deformity of golden pompano
larvae Trachinotus ovatus (Linnaeus,
1758). Frontiers in Marine Science,
7, 1232.
https://doi.org/10.3389/fmars.2020.6
26071.

Giménez Papiol, G. and Estévez, A.,

2019. Effects of dietary arachidonic
and eicosapentaenoic acids on
common dentex (Dentex dentex
Linnaeus 1758) larval performance.
Journal of the World Aquaculture
Society, 50(5), 908-921.
https://doi.org/10.1111/jwas.12599.

Haché, R. and Plante, S., 2011. The

relationship  between enrichment,
fatty acid profiles and bacterial load
in cultured rotifers (Brachionus
plicatilis L-strain) and Artemia
(Artemia salina strain Franciscana).
Aquaculture, 311(1-4), 201-208.
https://doi.org/10.1016/j.aquaculture.
2010.11.034.

Harpaz, S., 2005. L-carnitine and its

attributed functions in fish culture
and nutrition—a review.
Aquaculture, 249(1-4), 3-21.
https://doi.org/10.1016/j.aquaculture.
2005.04.007.

Hauville, M.R., Main, K.L., Migaud,

H. and Bell, J.G., 2016. Fatty acid
utilization during the early larval
stages of  Florida  pompano
(Trachinotus carolinus) and
Common  snook  (Centropomus

undecimalis). Aquaculture Research,
47(5), 1443-1458.
https://doi.org/10.1111/are.12602.

Holt G.J., 2011. Larval Fish Nutrition.

Wiley-Blackwell, Oxford, UK, 130
P.
https://doi.org/10.1002/9780470959
862.

Immanuel, G., Citarasu, T., Sivaram,

V., Shankar, V.S. and Palavesam,
A., 2007. Bioencapsulation strategy
and highly unsaturated fatty acids
(HUFA) enrichment in Artemia
franciscana nauplii by using marine
trash fish Odonus niger liver oil.
African Journal of Biotechnology,
6(17).
https://doi.org/10.5897/AJB2007.00
0-2316.

Kotani, T., Haraguchi, T., Yamazaki,

Y., Doi, T., Matsui, H., Yokoyama,
S., Ishikawa, M. and Koshio, S.
2017. Effect of the duration of
nutritional enrichment on the fatty
acid composition of commonly used
rotifers Brachionus plicatilis sp.
complex and larviculture
performance of red sea bream Pagrus
major. Aquaculture Science, 65(2),
133-144.
https://doi.org/10.11233/aquaculture
sCi.65.133.

Lubzens, E., Zmora, O., Stottrup, J.

and McEvoy, L. 2003. Production
and nutritional value of rotifers. Live
Feeds in Marine Aquaculture, 300-
303.

Lundova, K., Kouril, J., Sampels, S.,

Matousek, J. and Stejskal, V., 2018.
Growth, survival rate and fatty acid
composition of sterlet (Acipenser


https://doi.org/10.1016/j.aquaculture.2008.03.044
https://doi.org/10.1016/j.aquaculture.2008.03.044
https://dor.isc.ac/dor/20.1001.1.15622916.2022.21.4.3.5
https://jifro.ir/article-1-4049-en.html

[ Downloaded from jifro.ir on 2025-11-17 ]

[ DOR: 20.1001.1.15622916.2022.21.4.3.5 ]

1106 Ozdogan and Savas, The effect on fatty acid contents of Rotifer (Brachionus plicatilis) of ...

ruthenus) larvae fed fatty acid-
enriched Artemia nauplii.
Aquaculture Research, 49(10), 3309-
3318.
https://doi.org/10.1111/are.13794.

Ma, Z. and Qin, J.G., 2014.

Replacement of fresh algae with
commercial formulas to enrich
rotifers in larval rearing of yellowtail

kingfish Seriola lalandi
(\Valenciennes, 1833). Aquaculture
Research, 45(6), 949-960.

https://doi.org/10.1111/are.12037.

Mahre, H.K., Hamre, K. and

Elvevoll, E.O., 2013. Nutrient
evaluation of rotifers and
zooplankton: feed for marine fish
larvae. Aquaculture Nutrition, 19(3),
301-311.
https://doi.org/10.1111/j.1365-
2095.2012.00960.x.

Matsui, H., Sugihara, S., Wada, M.,

Ozaki, T., Saitoh, T. and Kotani, T.,
2022.  Application of genetic
disruption of a Nannochloropsis
oceanica cell wall synthesizing gene
to n-3 HUFA enrichment of
Brachionus plicatilis. Aquaculture,
552, 738022.
https://doi.org/10.1016/j.aquaculture.
2022.738022.

Olivotto, 1., Di Stefano, M., Rosetti, S.,

Cossignani, L., Pugnaloni, A,
Giantomassi, F. and Carnevali, O.,
2011. Live prey enrichment, with
particular emphasis on HUFAS, as
limiting factor in false percula
clownfish  (Amphiprion ocellaris,
Pomacentridae) larval development
and metamorphosis: molecular and
biochemical implications.

Comparative  Biochemistry  and
Physiology Part A: Molecular and
Integrative Physiology, 159(3), 207-
218.
https://doi.org/10.1016/j.cbpa.2011.0
2.004.

Ozdogan, H.B.E. and Savas, S. 2021.

The effects of L-carnitine levels on
population  growth  of  rotifer
Brachionus  plicatilis fed  with
Chlorella vulgaris. Iranian Journal of
Fisheries Sciences, 20(6), 1684-1690.
https://doi.org/10.22092/ijfs.2021.350
591.0.

Ozdogan, H.B.E. and Savas, S. 2022.

Use of different enrichment
emulsions in rotifer (Brachionus
plicatilis)  batch  culture. Acta
Aquatica Turcica, 18(1), 49-59.
https://doi.org/10.22392/actaquatr.95
0155.

Saidi, H., Morales-Medina, R.,

Abrehouch, A., Fahd, S., Guadix
Escobar, E.M. and Pérez-Galvez,
R., 2018. Effect of the
supplementation of live preys
enriched in cod liver oil on the
survival rate, growth and fatty acid
profile of meagre (Argyrosomus
regius) larvae. Aquaculture
Research, 49(3), 1133-1141.
https://doi.org/10.1111/are.13563.

Swagat, G., Kumar, T.A., Ghosh, B.D.

and Sahu, N.C., 2017. Nutritional
enrichment of rotifer Brachionus
plicatilis and its effect on clownfish
larvae Amphiprion clarkii (Bennett,
1830). Indian Journal of Fisheries,
64(Special Issue), 214-219.
https://doi.org/10.21077/ijf.2017.64.


https://doi.org/10.1016/j.aquaculture.2022.738022
https://doi.org/10.1016/j.aquaculture.2022.738022
https://dor.isc.ac/dor/20.1001.1.15622916.2022.21.4.3.5
https://jifro.ir/article-1-4049-en.html

[ Downloaded from jifro.ir on 2025-11-17 ]

[ DOR: 20.1001.1.15622916.2022.21.4.3.5 ]

Iranian Journal of Fisheries Sciences 21(4) 2022 1107

Voet, D. and Voet, J.G.,, 1995.
Biochemistry, second edition. John
Wiley and sons, New York, USA ,
1361 P. https://doi.org/10.1016/0307-
4412(95)90658-4.

Wagalevu, V., Honda, A., Dossou, S.,
Khoa, T.N.D.,, Matsui, H.,
Mzengereza, K., Liu, H., Ishikawa,
M., Shiozaki, K. and Kotani, T.,
2019. Effect of oil enrichment on
Brachionus plicatilis rotifer and first
feeding red sea bream (Pagrus major)

and Japanese flounder (Paralichthys
olivaceus). Aquaculture, 510, 73-83.
ttps://doi.org/10.1016/j.aquaculture.2
019.05.039.

Yang, S.D., Wen, Y.C., Liou, C.H. and

Liu, F.G., 2009. Influence of dietary
I-carnitine on growth, biological traits
and meat quality in Tilapia.
Aquaculture Research, 40(12), 1374-
1382. https://doi.org/10.1111/j.1365-
2109.2009.02234 x.


https://dor.isc.ac/dor/20.1001.1.15622916.2022.21.4.3.5
https://jifro.ir/article-1-4049-en.html
http://www.tcpdf.org

