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Table 1: Fatty acid profile of the diet which was used in the present study
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Table 2: Experimental treatments which were employed in the current study
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Figure 1: Morphology of chitosan nanoparticles (a) and nanoencapsulated quercetin (b) coupled with hydrodynamic

size of nanoencapsulated quercetin before (c-A) and after (c-B) sonication, as well as FTIR spectra of quercetin,
chitosan nanoparticles, and nanoencapsulated quercetin
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Table 3: Fatty acid profile of muscle tissue of zebrafish (Danio rerio) following 40-day feeding with diets containing
chitosan nanoparticles, free quercetin, and nanoencapsulated quercetin
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Table 4: Fatty acid profile of eggs of zebrafish (Danio rerio) following 40-day feeding with diets containing chitosan

nanoparticles, free quercetin, and nanoencapsulated quercetin

P 0) el boeSibee o o e Dl godins las Dglite By iloads e ME® SD & jsma aosls

C18:1n7 - Julis) r0uzmiy S5 glits] ué 0y loowl MUFA (C22:0 .C20:0 .C18:0 .C16:0 (C14:0 : Juls) glossl o,> sloacwl :SFA
«C20:4n6 . C20:3n3 . C18:3n3 C18;2n-6 :Juls) oyzs; wiz gldl ;6 y> slaaewl PUFA (C22:1n9.C20:1n9 .C18:1n9

(C22:6n3 (DHA) .C20:5n3 (EPA) (C20:4n6 (ARA) : Juls) oz aik gl i oy slaawwl HUFA (C22:6n3 .C20:5n3

O 595 J guuasS 93U o 39S RUT sl 2 Sl o0
NINERYAa NINE L NiE=Aa RS2 C14:0
YISE £ 10 YIEY £ /Y0 YIEA £ V14 YIAY £ -\ C16:0
N ERIAL NI E A O/A) £ /AT £IY £ /Y C18:0
VYA +/-9 VeAE <YV NI VIYY £ [0V C22:0
£0 £ VY FIVY £ /57 v/as £ V/a¥ £/\F £ YIYE C18:1n7
RALERAL VAIYS £ Y5 VWYIEY £ Y/50 VEIFOE /N C18:1n9
YIAD £ < IVY YIFEL o/ YIFY £ o /5F YA </ 0 C22:1n9
\INERIAN YIAAE <)) YIYY £ VY)Y YA/ F C18:2n6
VAY £ /1) VEO £ /¥ NEVESIE A0 £ /YT C18:3n3
VYE £ /o8 A E I VYS £ - [oY VAE £ ooy C20:2n6
JNE NNY She £ Y- NEUESIIN SVE L ofe8 ARA
YO E /S DYRLEY Pejof £ . /vs PaVY £ < /AY EPA
A £ Y BY\/YVE + VYA Byasff + v/sv Py.jva £ V/A DHA
VoXY £ 80 DAERAR VIR0 £ YIYF UTE £ -/ar 2SFA
YV/FQ £ Y/VY YOI-Y £ F/8) YY/AY £ 01V YV/OA £ YIXYY IMUFA
O£ ¥ OIVY £ +/FY N E RIS £/90 £ V/FY ZPUFA

R AVALIERI By./e A+ YIVA PYsiey + 1/-0 PYSIAE £ Y/\ ¢ HUFAZ

o


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.3.7.6
http://isfj.ir/article-1-2438-fa.html

[ Downloaded from isfj.ir on 2026-07-01 ]

[ DOR: 20.1001.1.10261354.1400.30.3.7.6 ]

e boud S gl 5 sule i 3 S b

O‘J‘S‘A S u-"“l'*'ls

O 595 J guuasS 93l RS Oligiss ol el @ el Ao 0
AFP/AY £ -/VY By e+ Y)vF Bysies + \/0Y PYy/-A £ Y/00 n3
FIVY £ -7 oY £\ B/OY £ Y/) VY £ 8 né
BSIVY £ /1) PANY £ V/0- beva +1/a5 ba/ve £ 1/14 n3/n6

P 0) el bopSibee o e Dl godins liad Dglite By, iloads Lo ME £ SD & js0a aosls

C18:INT7 : Julis) 10 pum; 5 gl pué ©y> sloowl MUFA (C22:0 (C20:0 (C18:0 .C16:0 .C14:0 : Juli) glessl © > (sloasw! :SFA
«C20:4n6 . C20:3n3 . C18:3n3 C18;2n-6 :Juls) oyzs; wiz gldl 6 oy> slaaewl PUFA (C22:1n9.C20:1n9 .C18:1n9

(C22:6n3 (DHA) .C20:5n3 (EPA) .C20:4n6 (ARA) : Juls) o,zm; ol glosl 18 0y slaoewl HUFA (C22:6n3 .C20:5n3

SIYA0 ¢ +/00) &y e YYIOY 5 VAN (iegils
sleaisl, calhe (Baksi et al., 2018) w5l cuvas
OO a5 Slnl i ple adllas b G ol

Bl las 1) oo sl ol39S™ i 595 JgaansS il
Slow as ol lis asdlas cpl leazsly (S ek 4
o sl ey Gl L e S
gyaze 5 el Sigudll wpl SSgiliSaliess
L e g akae célb o NFY s HUFA o> slaol
Sz 5 sl SSplinlisSal oz sl Gl
odd s (olo 0z del hlgn ognpe el pleale
a0 Ly abe wad pll Sldllae Lelal 5 .ol
ez slesesl A5 93 sy Slass g Job 2l
Jisb cpl ol a5 (Tocher et al., 2001) ol
Sl dss slo )l a4y astly A5 50 Wisy Sl 5 5le
(Jaya-Ram ail e o,z o)z Hlbe g 5 pgasa
Sl (Sew ogas ol e ooplple et al., 2008)
5 Silehob slom 3l collad sgp el i FoS
Bl ol prls bl 65 il gledl d
ol oy sl GamalinsT 5l sl YL Sl
ANrés glaalllas ;o .ol oo 4,355 Hlale ,0 6 )
el et 355 les a5 wosls Las (Y1 F) o) an
055 hiusS alas Cib oy sl biBo s 35
, [(Andrés et al., 2014) s4i o LS L3 b oo
CBsS oz sl Rlgn vee Sde asdllae ()l
Gl p Griw B dude 5 ot SISl S
Bl o oz sleassl il gldl e g 5l Jasb
Ry 355 5 az ST o ons 55 alas
Ll oo o)158 Glddlas jo lale jo0 Oy ol

-

JoS6l 30T 5 ol 5 odle aslllas ol Lo
5 @le ptwpeS b wyp 4 Ol et 5sS
59 T 3l om wals les 5 9 OlisS 9l oad g
g ahae S8b oy weul blgn ) ) ol i
o ol adlhs jo 0l asly 1n) el Sosu
b ol b 305 5 oad 4l JouS il Clasio
G Shle 4y clb glgren Slalllae ple il
Iy oy 595 slanlllae jo (Y- A) Ko 3 Zhang
GRIB Gan b g sl o, b oS aleage
(Zhang et al., 2008) ws,5 agueS oal)d o
oxd aeuS FTIR 5l oslinal L asllhae ol o
s Nan Goimmen i S LI, (g 30 Gnis 368
SlyeS 5l oslitul b 1) w368 55 (Y1A) o)) Sen
O Y eSSl LS (o) 2 ogdle 5 2555 dgunS
VWIOEIVY) 6,55 ,L lsime (doys A+ [AAEN [5F)
9 (gl YAY/EYEV/OY) Sl og,oud plo ((dus o
Transmission ;1 solicw! b (e g oo YV) b5 sl
$3,5) &5998,9¢ Electron Microscopy (TEM)
,» (Nan et al., 2018) wis,S s,y 1, o] (U
slaxsl og, L (Y VA) o) en o Baksi 6,50 anlas
by 250,5 gusSl s 58 ) ot isS o(se
L ohenS 50 otw 35S o dlgunS FTIR 51 solaal
Siftige asdlae (nl jo 0 immes sy ol
65,5 TEM 5l oslinad b sads abl sloJgmsS il
o mE pl p el awl cawsn S
h Sl o 23l 5 b Jomily «Sealinogann
WWVE g YYANYV L plp e s CaSiigm jlom 5 18
T2


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.3.7.6
http://isfj.ir/article-1-2438-fa.html

[ Downloaded from isfj.ir on 2026-07-01 ]

[ DOR: 20.1001.1.10261354.1400.30.3.7.6 ]

Yo (M) Ve s Ol @Ml gale alae

@ b o () gloadly oad g S el (it 558
(Baksi et al., 2018; <l cillae sob; olalllas
Nan et al., 2018; Zhang et al., 2008)

S 4Rl
JoesS$lb (omyp 9 SSbe 4 ol addlas o
oz el Bloy 2 1 83U 5 5 OligneS et 555
Sl wd aBl,, 1) ol Sesw g alas cél
sl 2By 5 e ey oy 35S 45 ol oyl anlllae
rlpodle 3580 |pj (ale S g alae Cdb o2
Uy e lenS aS oad coly lis dslllas (ol yo
Sy w9 I ) G 3eS (508 e Silgil
aS 2 S ami Olgise bl wsdie O] 0 Sles
Gy OlaS 5 oads J S Lola, axuld sl eola
ol iz e il el azesgulp 5 b
53 gl b SLaS 5 lasil (gsm 509l 0 DLS 5
s dod Gl el g w8 slapiens ol
e SlaS 5 o Shes Sgne 9 Wi WD sk

O}.wc;a s)b

@‘é}ﬁsﬁ
@ Cad |y 03 Ghyad g Sas il GBany
Alo, B o adlas ol aiyls oo cao s olRasls
ooyt Camy ol Jbo colem Lol pwlis )l

el s pl!

&b

Sl o031 AFAD (Al (B 5SS W § o0 €6 S
A5 Wb, g9, Spirulina platensis) L s .ol
JUS ole 4 © oz slaoenl 5 bt oS5
.(Mugil cephalus Linnaeus, 1758) .51
DOIL: A=) (V) £4 (lpl e ol ale
10.22059/JFISHERIES.2016.57878

Lol Slr o jlae S1ATAD Ly (o el 3 -2 <5 1]
s Wb, 59, (Padina astraulis Hauck)
JUS ole alY 0z ladeul 5 ploeed oS5

v

o lac a5 wlosls las (ool Oldlas 0ezg oyl
L olels jlead gie Jld Cawj OlS 5 5 oL
Sibo bl 1 5 ilodish Glamyl collad S5
oo bpl o G ol bBey Sep
gl a5 el ean S8 Sldlas cnl e eises
Oly abawlgay JUd Coy Sl 5 g (LS slaolac
ez Gl Gl ale Vb SlansT
(Yanar etal., 2007; wsis oo L3l 5o 0z oy
Zakes et al., 2008; Asgari et al., 2020; Ghosi
5 51 5,550 adlle o .Mobaraki et al., 2020)
o)las 4dss 59, FY a5 wiob L (VWAQ) (S e
alae C8b oz ael by y ety g Lyl SOl
(SHaS 5 6 Sl ead sl S el
olas (WYA0) pySasw 5 651 Guizren (VYA
o JUS abls alae il o apl Ly a5 iols
2,8 Moy St Lidg el Sl p05y b 435 55, PV
Sla jog oS ol lid aslllae ol (s o jle a
sz glal p Oy lasl (il cel Ldg el

A0 (23S 2w 5 575D Sl 00l 0 oy
oot AgenS i oS 45 3l ol ol aslllas gl
g ahas cdl oo vl Rlgn Songe Sl GligS L
oz 1 la)les plo b alie 10 15 ool o0 Sess
3 G0 Sl ol cal gole i3S les
30,5 il o oad g piw i3S oS Jlele
SSPLel el SEglRalisss oz slase!
Sz Saal ggezme 5 g dnl SGigandll g ol
ogme il lale alac céb o NV 3 HUFA
o ol aspn wdlea cwl e, oy
g el SERalisSs 9wl SEgln sl
O MY cod o Y HUFA O > slaau!l ggoe
28l Rl el St y0 (53 Fre y5bo 4 P
00l AgueS i 555 0, Sles dgugy Jlam! JYo
2lr e b e e e Rl 4 s
Sl w35, Gub | dr Gl lane Lyl
@l pae g IS olKiws s ply 5o )luly
o, Slas Sgugp ogaz ;0 0,5 o lil S cdb o o]


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.3.7.6
http://isfj.ir/article-1-2438-fa.html

[ Downloaded from isfj.ir on 2026-07-01 ]

[ DOR: 20.1001.1.10261354.1400.30.3.7.6 ]

e b sus punS S0 5 ule ot 5 S 53

O‘J‘S‘A S g;"“l'*'ls

Chamundeeswari, M., Jeslin, J. and Verma,

M.L., 2019. Nanocarriers for drug delivery
applications. Environmental Chemistry
Letters, 17(2): 849-865.
DOI:10.1007/510311-018-00841-1.

Ghosi Mobaraki, M.R., Abedian Kenari, A.,

Bahrami Gorji, S. and Esmaeili, M.,
2020. Effect of dietary fish and vegetable
oil on the growth performance, body
composition, fatty acids profile,
reproductive  performance and larval
resistance in pearl gourami (Trichogaster
leeri). Aquaculture Nutrition, 26(3): 894-
907. DOI:10.1111/anu.13048.

Jaya-Ram, A., Kuah, M.K., Lim, P.S,,

Kolkovski, S. and Shu-Chien, A.C., 2008.
Influence of dietary HUFA levels on
reproductive performance, tissue fatty acid
profile and desaturase and elongase
MRNASs expression in female zebrafish
Danio rerio. Aquaculture, 277(3-4): 275-
281.
DOI:10.1016/j.aquaculture.2008.02.027.

Nan, W., Ding, L., Chen, H., Khan, F.U.,

Yu, L., Sui, X. and Shi, X., 2018. Topical
use of  quercetin-loaded  chitosan
nanoparticles  against  ultraviolet B
radiation. Frontiers in pharmacology, 9:
826. DOI:10.3389/fphar.2018.00826.

.(Mugil cephalus Linnaeus,1758) .51
DOL: AV PV (V) YO oyl OV ol almo
10.22092/1SFJ.2017.110248

S AYAR 7 DIHSL g e o owldS po canlb

Sl 5o 0,8 Sh3gl Coew et 35S (Sl

ale (Danio rerio) 1,5 ole gls 5 jae ¢ iitol

olpl OO ele

Andrés, S., Moréan, L., Aldai, N., Tejido,
M.L., Prieto, N., Bodas, R. and Giraldez,
F.J., 2014. Effects of linseed and quercetin
added to the diet of fattening lambs on the
fatty acid profile and lipid antioxidant
status of meat samples. Meat Science,
97(2): 156-163.
DOI:10.1016/j.meatsci.2014.02.001.

Asgari, M., Abedian Kenari, A., Esmaeili,
M. and Rombenso, A., 2020. Effects of
hydroalcoholic extract of honeybee pollen
on growth performance, flesh quality, and
immune and stress response response of
rainbow trout (Oncorhynchus mykiss).
Aquaculture Nutrition.
DOI:10.1111/anu.13098.

Baksi, R.,Singh, D.P., Borse, S.P., Rana, R.,
Sharma, V. and Nivsarkar, M., 2018. In
vitro and in vivo anticancer efficacy
potential of Quercetin loaded polymeric
nanoparticles. Biomedicine &
Pharmacotherapy, 106:  1513-1526.
DOI:10.1016/j.biopha.2018.07.106.

Bozsaky, D., 2016. Application of
nanotechnology-based thermal insulation
materials in building construction. Slovak
Journal of Civil Engineering, 24(1):17-23.
DOI: https://doi.org/10.1515/sjce-2016-
0003.

A


https://doi.org/10.1016/j.meatsci.2014.02.001
https://doi.org/10.1111/anu.13098
https://doi.org/10.1016/j.biopha.2018.07.106
https://doi.org/10.1515/sjce-2016-0003
https://doi.org/10.1515/sjce-2016-0003
https://doi.org/10.1007/s10311-018-00841-1
https://doi.org/10.1111/anu.13048
https://doi.org/10.1016/j.aquaculture.2008.02.027
https://doi.org/10.3389/fphar.2018.00826
https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.3.7.6
http://isfj.ir/article-1-2438-fa.html

[ Downloaded from isfj.ir on 2026-07-01 ]

[ DOR: 20.1001.1.10261354.1400.30.3.7.6 ]

Yo (M) Ve s Ol @Ml gale alae

Rothenbicher, T.S., Ledin, J., Gibbs, D.,

Engqvist, H., Persson, C. and Hulsart-
Billstrom, G., 2019. Zebrafish embryo as a
replacement model for initial
biocompatibility studies of biomaterials and
drug delivery systems. Acta Biomaterialia,
100: 235-243.

Tayemeh, M.B., Esmailbeigi, M., Shirdel, I.,

Joo, H.S., Johari, S.A., Banan, A,
Nourani, H., Mashhadi, H., Jami, M.J.
and Tabarrok, M., 2020a. Perturbation of
fatty acid composition, pigments, and
growth indices of Chlorella vulgaris in
response to silver ions and nanoparticles: A
new holistic understanding of hidden
ecotoxicological aspect of pollutants.
Chemosphere, 238: 124576.
DOI:10.1016/j.chemosphere.2019.124576.

Tayemeh, M.B., Kalbassi, M.R., Paknejad,

H. and Joo, H.S.,, 2020b. Dietary
nanoencapsulated quercetin homeostated
transcription of redox-status orchestrating
genes in zebrafish (Danio rerio) exposed to
Environmental

109477.

silver nanoparticles.
Research, 185:
DOI:10.1016/j.envres.2020.109477.

Tocher, D.R., Agaba, M., Hastings, N., Bell,

4

J.G., Dick, J.R. and Teale, A.J., 2001.
Nutritional regulation of hepatocyte fatty
acid desaturation and polyunsaturated fatty
acid composition in zebrafish (Danio rerio)
and tilapia (Oreochromis niloticus). Fish

Physiology and Biochemistry, 24(4): 309-
320.

Wang, W., Sun, C., Mao, L., Ma, P., Liu, F.,

Yang, J. and Gao, Y., 2016. The
biological activities, chemical stability,
metabolism and delivery systems of
quercetin: A review. Trends in Food
Science & Technology, 56: 21-38. DOI:
10.1016/j.tifs.2016.07.004.

Yanar, Y., Blyikcapar, H., Yanar, M. and

Gocer, M., 2007. Effect of carotenoids
from red pepper and marigold flower on
pigmentation, sensory properties and fatty
acid composition of rainbow trout. Food
chemistry, 100(2): 326-330.
DOI:10.1016/j.foodchem.2005.09.056.

Zakes$, 7., Kowalska, A., Demska-Zakes, K.,

Jeney, G. and Jeney, Z., 2008. Effect of
two medicinal herbs (Astragalus radix and
Lonicera japonica) on the growth
performance and body composition of
juvenile pikeperch [Sander lucioperca
(L.)]. Aquaculture Research, 39(11): 1149-
1160. DOI:10.1111/j.1365-
2109.2008.01977.x.

Zhang, Y., Yang, Y., Tang, K., Hu, X. and

Zou, G., 2008. Physicochemical
characterization and antioxidant activity of
quercetin-loaded chitosan nanoparticles.
Journal of Applied Polymer Science,
107(2): 891-897. DOI:10.1002/app.26402.


https://doi.org/10.1016/j.chemosphere.2019.124576
https://doi.org/10.1016/j.envres.2020.109477
https://doi.org/10.1016/j.foodchem.2005.09.056
https://doi.org/10.1111/j.1365-2109.2008.01977.x
https://doi.org/10.1111/j.1365-2109.2008.01977.x
https://doi.org/10.1002/app.26402
https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.3.7.6
http://isfj.ir/article-1-2438-fa.html

[ Downloaded from isfj.ir on 2026-07-01 ]

[ DOR: 20.1001.1.10261354.1400.30.3.7.6 ]

Iranian Scientific Fisheries Journal Vol.30, No.3

Influence of both free and nanoencapsulated quercetin on fatty acid profile of zebrafish
(Danio rerio) muscle and eggs

Kalbassi M.R.1"; Bhezadi Tayemeh M. !; Paknejad H.2
*Kalbassi_ m@modares.ac.ir

1- Department of Marine Sciences, Tarbiat Modares University, Mazandaran, Noor, Iran
2- Department of Fisheries and Environmental Sciences, Gorgan University of Agricultural
Sciences and Natural Resources, Gorgan

Abstract

This study was designed to determine the influence of both free and nanoencapsulated
quercetin on fatty acid profile of zebrafish (Danio rerio) muscle and eggs. To this end, a total
of 120 fish were divided into 4 experimental groups and fed with following diets: control,
without additive; chitosan, 400 mg nanochitosan per kg diet; Qu, 400 mg free quercetin per kg
diet; Qu-chi, 400 mg nanoencapsulated quercetin per kg diet. To assess fatty acid profile, the
muscle and eggs was dissected after feeding trial. No significant difference was recorded for
fatty acid profile of muscle and eggs in the chitosan group. Considering muscle tissue,
however, the fish treated with free quercetin significantly elevated the levels of ARA, DHA,
> HUFA, and ) n-3 when compared to control group, whereas the fish received
nanoencapsulated quercetin showed a significant increase in DHA, EPA, ARA, Y n-3, and
> HUFA levels in comparison to the other groups. Concerning eggs fatty acids, the fish
received free quercetin increased the percentage of EPA, yet the animals treated with
nanoencapsulated quercetin did the levels of EPA, DHA, > HUFA, n3/n6, and ) n-3.
Together, quercetin could enhance the fatty acid profile of zebrafish muscle and eggs, and
nanoencapsulation process could enhance the performance of free quercetin.
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