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Figure 3: Color presentation of Farmed Beluga caviar
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ACTGECGEEAAACCTEECCCATECAGEAGCCTCTGTAGACCTAACCATTTICTCCCTCCATCTGGCCGGEETI TGEOGTCCATTCTGGGEGCTATTAAT
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Figure 6: Wild Beluga caviar sequencing
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Figure 7: Farmed Beluga caviar sequencing

YA


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.1.1.6
http://isfj.ir/article-1-2403-en.html

[ Downloaded from isfj.ir on 2025-12-06 ]

[ DOR: 20.1001.1.10261354.1400.30.1.1.6 ]

Yo (V) Ve Sl ol pale alas

b plale w35 0 LT aS aul,e b aisls slgi |,
o b oy sl bl 5 (Gone Slge i (o2
2 (VoY) o Sen 5 Gessner asb oo b e bl ole
sn 9 s SOl olale Jbgls lertign LS 5
(S L 5 oz el SlaS 5 lid sl b
YL ol 0925 a5 Woged Hlebl 5 wols plol 1, Sldlas
ol & T 5l sasmaglas plale ol Jlgls 50 (55, 5 e
b 4 S S n)Sg e jlade il 0dgr (Game lse
J.’?.n L “oj.afo J}M 6Lbu5LOS QMOULM aJAl LJ"‘ as
O 4 (Gl 4 a2 gi b adlie plale 465 g e (S5
S ST e 58 (Shy9n Olale 5 (oig Olale JLgl>
025y Sonte Ll (Cudls 0939 W3S 45 eos dge,d (glie
Solas (Verv) olSan g Wirth oaciils Ll 1, olae
)LasL> O Py g H.«.colf €S9y s )l..\.u )é l) 6)|Q‘52:.A
P>e/+0) WSS snalin 5,bals lale calise sladiss
5O Gy dame (S04l 5 ol o plale jo slaisS slasls
Sl 3 (Y-+Y) ol Kea ¢ Alasalvar .s)la 66 ]
Dicentrarchus ) _bs,)l o> ol cis¥ GleS Jase
el g wols 13 oy 3590 5 (SB35 (S2y (laDFaX
S9n 9 (SB>g Nged SbeS 0 ool Gl 45 Wsges
5 05 2 pSoSee OVYYEY/AY o SYNVEOAS o5 e
Sl o LA wog pF 558 VIVOE/F)
Sy Aged 0 we Glime (s aaily (gl giee
FONEOND ooy5, ,o 5 FYPEVIVE iy digai ,o (59,
o Ll a5l ine sl o5 wingy 035 2 0,55 S
.la.:;u ) g_JjLﬁJ ‘) Dgad 90 (o (Fde 0‘9.0 )l».\.a,o ) QsLD.a
Gl JoSe 5l wols slpainy ¢ auudls LT wdss 5 Cow
w25y st osbie 4 (2hyon Olele @l w5,y (G
S oolaiwl olae

SRRV AINEREIT VORI SIS I e 5
95, 0 Ky sl asls a5 sg ol 5l (S 3 agh
Ol &S P<A1-0) o)l (g lo gime Dol o L HLgls diges
il Sy Jome 5 2l w3y 00 Dol S & Wl oo 5ol
b

Wgad ;0 ¢ Fomo s gdseyy o] oty polie dwslio b
ssb 4 ey g Sid (aite eenlS (e (o8 L5l
33 ke (Pe100) 39 (SBy9n Kged I SVL (s)lo e
3 SU mite 9979 9 Sl Fge (B la solow Sonte
51 el eyl s 5eASuly ST e Sl s (138 esle
(Seelig, 1989) vas o zals

ks plale a5 wis 57 Ll (Y- V) K o Fuentes
eSOl woliie a5 aiis gesad lale 5 slaigal
Ol widged Glgxe (YoVF) oLKen g LI aies odS
Acipenser ) iz ol b o5 0 pujaie «phud
Ol s &5 5 VL G)ldsne s5b @ (o2 (SiNeNSIS
Ol el glis 09,5 99 (e 53, 9 oS ylio Lol w0y
Lyo ol jo ,aud flie o aibge spay il oledl
009 YL Sl (See ol pliy el (G50 dane I ey
Sl i ol s 4 pheg ased o jhd (e
obele 4 as wisls slpaany gl ol iy Lol B)b
aile ails dgeS o] o a5 Sore olge JuSe  Ldygp
gl 0310 yaud (o juie

gl Wsed )0 55y 5 e ool Jlde Glagh cnl 5o
Sy 09> Ay g9 5l YL )lodme seb 4 (Shygp
2 Ol edes (B o g e phee D3G5 (S (P14 0)
oo ga> Wlbee Slay O3St 5 s GmelSsen cle
geilaeST olud Wg) mped Gl xTslr ge Hlsls o
Dy s

Glglss msis jelaie 4 (Y4IY) o IKea 4 DePeters
5 hasn AP 9 B Pame SLS S 5 oz slaas
,> (Acipenser transmontanus) asiw ale o iy
chale oS ws)S ol g Wby JE ) 3550 | L e
055 50 el 5 medS Osilse G e 9y 2]
¥A) FAFD AVNE AN DVF V- /F s ja iy el
AF DFF FYIY 5 5a 50 oSye0 Sgas 5o 5 TOVA o
S (39 pS kS p a5 e FAVA 5 YAY FV-5 AFVE
5 Ll >/ 0) il ghlogxe Ogls wo L aS oy
9P S (B9 g oAy Hged 0 45 magete Ol
Sl Dolis 39 S bjg p SIS » e S ke 0AF
i Sam g 1) (5500 S Slidss Ll .o ,5 sanline
oS oy Sldgzge 5l (pladiged » 55 5 LS (Gane 3lge |
glaas 50 aiile wiyls 0429 (g Lgls Hlale olds aSis o


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.1.1.6
http://isfj.ir/article-1-2403-en.html

[ Downloaded from isfj.ir on 2025-12-06 ]

[ DOR: 20.1001.1.10261354.1400.30.1.1.6 ]

Bl LA oS slagadla elhmis ob)))

OLlSea 5 Slas s

o ly ohaisle by oy ase> (Queldenstaedtii
GSTn 5o 6ok ol Sl oS 0 bl g sge
3979 3% 9 2sf Bblie o Jlale (nl Coxex (nlghla
@l D » 55 Ghegn Sl Jeol> @it 5e (lgie ol o)l
Om ly Gl walay a5 sg (V44£) Pourkazemi
Sege (Acipenser stellatus) g, (sl ol slocure>
5 Rezvani Gilkolaei .5, loag Gble (pes 5
255 S, e 4 lal 1) el cpl ede (1299) Skibinski
>y 4 I35 lp &5 widls (o (plol G0y
Sl ol S e g S e Dyl ke b o alita
Lo ogeel 5l om a8 sl atils glaillas comas wilg o
oS le tal )3 onlshle YL g5 carge 0SS
2 el W55 @b S e e JISE S0 (g5
OYAF) o Les 5 Sl il o] YL onbishle g4
5 5o |, (Acipenser stellatus) s,0s; ole Core
S5 5 9385 sy ohaile slys s 5 Jlod a4l
O GloghS Vev ) (oldlyaz ol alols 9525 L oS wisged
ol Comez o 1y (ghlo sixe B casllas g0 ddlato g0
2 aS Slale Ylas! wiss bl Ll auls ol
sl &5 wies rlee plale Wigdi oo dne (20 Al
ailiee ohisle sl (ppz e 4 Jled 4l jl 485
1y aibaie 5o ol pleale e parsets ol G yie Ll cnlpl
ol slacsshla olulis 5 Koy iyl gl eolinu
audls 3ble

wges a5 ol plas egh cnl 5l Jel @l e 5o
BV Ol ol ologme sob 4 iy byl
2909 (D)9 n Wged 4 Sl remslly g HEed (o o oS
AV 55 5 oo 100l ke (B9 gl dised o o5 >
Dl diges 98 (e 5 Ky (o> palh Guizen g
w5y o Dol Jdo 4 Wl ee ool a5 il (g lo gime
Sl Sg (ol B 95 G Comy ame 9 (23S
39> (sh>y £ b il g Dol (oBy9n diged (S
R e selde CuaS o YU gl 4 ol
29 £5 b (a0 slls K5, Alis 5 Gase slagdiey,
OUT 2l 5y ) lin Gans laoSe I 53 o0 w055
Slogbsy ple swpp s adlas o epdle 5ai oslin
LSl e sln i (100 (S35 slap e 5 (J5Use
33,5 n Slgiiy Wiged 38 ol ot (S5

5o 3 herdan SleS 5 (V410) ol Kes 5 Park
Acipenser ) oldyul e gbsls el Ll
Oliee a5 2505 ly 5 W0, &b oS o (ruthenus
o Lol il (s dlin iy UL a3l 50 a8 w50 S
2 (V) oLKea g Lee ol zals wosa o
el Slsly ol w35 cwdle 5 1aé cuiS sla zSILS
oebls el . (Cheilopogon agoo) _ul5 oy
(Clupea pallasii) l,] .ol oLz ¢ (Mallotus villosus)
aglis 5550 1, ol aw (] 0508 S5 5 wisls plodil Slalllas
aw o cwpa L esles e Ll aisls J18 cwy s
a gasls ol woye OFAY § #F/FF XY/FO . ol
AV 1D a3l liee e cdo s —VIOF o +IYE IS
obea & 55 1) AE Jlade coles ,0 g doys VFIFY 4 YY/FF
3,8 el FF/IYA 4 ¥AIFA $F/A s 5

Jbgls Lges 50 G (5510 (Sre (SG gl eyl ol 5
9 20,55 sanlie haisle sbys (ale b (SBi9n 5 2
e il oo alin lizren Si55 Lsle (o diged g0 (pl
S8 b1 o Sy g ba> 4 )bl lale SYsb
oyl ogdle (Barmintseva and Mugue, 2018) s .
Jdo a lale jo a5 ks LBl (VA4Y) Beaumont
5 oSS s 5 00 Gl (S5 5 T 0s S i
W O ml peerdplie s & 5 oudslSy ek
il oo

O Swhy sl (Y-YA) Mugue 5 Barmintseva
ACIpENSer ) s e plo Wl iy9p 5 iy Cumex
AJO; U"’)‘)f 9 Qals )‘)3 r b)s.c 4.:...»5) )Q ‘) (baer”
Nsligs il 5 B9 )lye ST 35008 Lo 4y oS
0O A W gy 4 ) (SeH) ge8 Rl L plele
Sl lual byl § odgs ials 4 oxie 0)lge 5l (g ke
o> 5 a8 w60,8 slpdan Wl coplply 08,5 o i )90
Elre olple 3l 5 00l (6 pSsler (saiglings Sijeal 5l IS
oolaw! t)"’)’“‘;‘ S W u}.ﬂjﬁ Slows 9 J.JBL.».:P r.c
D¢l

lapgigeg,S olass (VTVF) (ald g 5 (sleid 59,58
Ol 2953095 Slgil slawi 5 YN=NVAEY 1) ale L3
g9 (V- +) Rezvani Gilkolaei .as,s #Mel Y05 (NF)
Acipenser ) ws, oleli ol Cuxe> MIDNA
Y.


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.1.1.6
http://isfj.ir/article-1-2403-en.html

[ Downloaded from isfj.ir on 2025-12-06 ]

[ DOR: 20.1001.1.10261354.1400.30.1.1.6 ]

Yo (V) Ve Sl ol pale alas

Barmintseva, A. and Mugue, N., 2018. Genetic
Variation of the Siberian Sturgeon (Acipenser
baerii, Brandt, 1869) in Aquaculture. Russian
Journal of Genetics, 54: 210-217 .

Beaumont, A., 1994. Genetics and evolution of
aquatic organisms. Springer Science & Business
Media.

Bolin, H.R. and Huxsoll, C.C., 1991. Effect of
Preparation Procedures and Storage Parameters
on Quality Retention of Salad-cut Lettuce.
Journal of Food Science, 56: 60-62.
DOI:10.1111/.1365-2621.1991.tb07975.x.

Boscari, E., Vitulo, N., Ludwig, A., Caruso, C.,
Mugue, N.S., Suciu, R., Onara, D.F., Papetti ,
C., Marino, LLA. and Zane, L., 2017. Fast
genetic identification of the Beluga sturgeon
and its sought-after caviar to stem illegal trade.
Journal of Food Control, 75:145-152 .

CIE Technical Report, 2004. Colorimetery 3d.
Commission International de IEclairage (CIE).
CIE publication No. 15. Vienna. Austria,
Central Bureau of the CIE.

DePeters, E.J., Puschner, B., Taylor, S.J. and
Rodzen, J.A., 2013. Can fatty acid and mineral
compositions of sturgeon eggs distinguish
between farm-raised versus wild white
(Acipenser transmontanus) sturgeon origins in
California? Preliminary report. Journal of
Forensic Science International, 229: 128-132.
DOI:10.1016/j.forsciint.2013.04.003.

Dudu, A., Georgescu, S.E., Burcea, A., Florescu,
I. and Costache, M., 2014. Analysis of genetic
diversity in beluga sturgeon (Huso huso, L.,
1758) from the Lower Danube River using
DNA markers. Journal of Scientific Papers

Animal Science and Biotechnologies, 47: 64-68.

AR

F H

9B owld 390 4Ky o (sgimo olgRil o SRy 0

Sl ez 5 Splsle AT wGb iegy

sk, o3> J>lsw (Rutilus rutilus caspicus) aols

DNA oL Jlss (s, 5l oolital b (o)l s ooty 9 555

Jho «San ! arwgs a5 (DNA sequencing)

SYVY Slmio p)loa o)los caas
wor AWAF € o Slgdy 9.0 (BU g & (Slrds

ACIDENSEr ) G9n09ssl Obdle Comer JoUse

al30g)) oz 5 (Ky ailzy)) Jled isu (stellatus

alxe PCR-RELP  J5Sse (5, 4 )55 by (8

olead easilys Jlo corb @lie g (55)5laS pole

Son AV o (Blh gpms g e (olRiS j9)9

Sl 5 6oksls plale ((agign9,S lalllae) (559092,

Dl S pole doe i3 i slag S ctS

FYVY Slxio oyl Jlo 90 05les

o asls axllas NYAD w0y« Y5051 9 .0 0,0 Sloa

obale b O > slassl oS 5 g (29,500 b wulS

aeldad (! Jlot bl (Db JUS' 5w 5399

VOA Slio Y oy58 BY o)leds ( olié mlio g psgle

AT

Alasalvar, C., Taylor, K.D.A., Zubcov, E.,
Shahidi, F. and Alexis, M., 2002.
Differentiation of cultured and wild sea bass
(Dicentrarchus labrax): total lipid content, fatty
acid and trace mineral composition. Journal of
Food Chemistry, 79: 145-150.
DOI:10.1016/S0308-8146(02)00122-X.

AOAC, 2005. AOAC-Association of official
analytical chemists. Official Methods of
Analysis of AOAC International 18th ed.
Gaithersburg, Maryland, 20877-2417, USA.

APHA, 2005. WEF, 2005. Standard methods for
the examination of water and wastewater 21:
258-259 .

Ballard, J.W.O. and Whitlock, M.C., 2004. The
incomplete natural history of mitochondria.
Journal of Molecular Ecology, 13: 729-744.


https://doi.org/10.1016/S0308-8146\(02\)00122-X
https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.1.1.6
http://isfj.ir/article-1-2403-en.html

[ Downloaded from isfj.ir on 2025-12-06 ]

[ DOR: 20.1001.1.10261354.1400.30.1.1.6 ]

Bl LA oS slagadla elhmis ob)))

OLlSea 5 Slas s

Falahatkar, B. and Najafi, M., 2019. Modifying
the physiological responses to handling stress in
beluga sturgeon (Huso huso, L., 1758);
Interactive effects of feeding time and dietary
fat. Journal of Applied Ichthyology, 35: 307-
312. DOI:10.1111/jai.13847.

Fuentes, J., Haond, C., Guerreiro, P.M., Silva,
N., Power, D.M. and Canario, A.V.M., 2007.
Regulation of calcium balance in the sturgeon
(Acipenser naccarii): a role for PTHrP.
American Journal of Physiology-Regulatory,
Integrative and Comparative Physiology,
293:R884-R893. DOI:
10.1152/ajpregu.00203.2007.

Gessner, J., Wirth, M., Kirschbaum, F., Kriger,
A. and Patriche, N., 2002. Caviar composition
in wild and cultured sturgeons — impact of food
sources on fatty acid composition and
contaminant load. Journal of Applied
Ichthyology, 18: 665-672. DOI:10.1046/j.1439-
0426.2002.00366.x.

Gessner, J., Wirtz, S., Kirschbaum, F. and
Wirth, M., 2008. Biochemical composition of
caviar as a tool to discriminate between
aquaculture and wild origin. Journal of Applied
Ichthyology, 24: 52-56. DOI:10.1111/j.1439-
0426.2008.01092.x.

Halver, J.E. and Hardy, R.W., 2002. Fish
Nutrition. In: Sargent, J.R., Tocher, D.R. and
Bell, G., Eds., The Lipids. Academic Press,
California. pp. 182-246.

Hebert, P.D., Cywinska, A., Ball, S.L. and
Dewaard, J.R., 2003. Biological identifications
through DNA barcodes. Proceedings of the
Royal Society of London. Series B: Biological
Sciences, 270: 313-321.
DOI:10.1098/rsph.2002.2218.

ISIRI, 1998. Dried milk -Determination of Sodium
and Potassium Content Flame emission

Spectrometric method. Institute of Standards
and Industrial Research of Iran (ISIRI) No.
4540. 1st revision, Karaj, ISIRI, (in Persian).

Kenney, P.B., Kastner, C.L. and Kropf, D.H.,

1992. Muscle Washing and Raw Material
Source Affect Quality and Physicochemical
Properties of Low-salt, Low-fat, Restructured
Beef. Journal of Food Science, 57: 545-550.
DOI: 10.1111/j.1365-2621.1992 tb08039.x.

Khoshkholgh, M., Pourkazemi, M., Nazari, S.

and Azizzadeh Pormehr, L., 2011. Genetic
diversity in the Persian sturgeon (Acipenser
percicus) from the south Caspian Sea based on
mitochondrial DNA sequences of the control
region. Caspian Journal of Environmental
Sciences, 9: 17-25.

Kohlmann, K., Ciorpac, M., Kersten, P., Suciu,

R., Taflan, E., Tosic, K., Holostenco, D. and
Gel3ner, J., 2018. Development and assessment
of a multiplex PCR assay for genetic analyses of
microsatellite loci in beluga sturgeon (Huso
huso). Journal of Genetics of Aquatic
Organisms, 2: 35-41.

Lee, J., Kim, J., Kim, J., Oh, K., Choi, B., Park,

K. and Choi, J.,, 2011. Food quality
characterization and safety of imported fish roe
(Japanese flying fish roe, Capelin roe and
Pacific herring roe). Journal of Agriculture and
Life Sciences, 45: 95-108 .

W., wei, QW. and Shen, L. 2014.
Biochemical comparison between eggs from
female Chinese sturgeon (Acipenser sinensis,
Gray, 1835) reconditioned in freshwater and
eggs from wild females: evaluation of female
reconditioning as a conservation culture
technique. Journal of Applied Ichthyology, 30:
1237-1242. DOI:10.1111/jai.12547.

MOOPAM, 2005. Manual of oceanographic

observations and pollutant analyses methods.
Yy


https://doi.org/10.1111/jai.13847
https://doi.org/10.1098/rspb.2002.2218
https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.1.1.6
http://isfj.ir/article-1-2403-en.html

[ Downloaded from isfj.ir on 2025-12-06 ]

[ DOR: 20.1001.1.10261354.1400.30.1.1.6 ]

Yo (V) Ve Sl ol pale alas

Regional Organization for the Protection of the
Marine Environment.

Park, K.S., Kang, K H., Bae, E\Y., Baek, K.A.,,
Shin, M.H., Kim, D.U., Kang, H.K., Kim,
K.J., Choi, Y.J. and Im, J.S., 2015. General
and biochemical composition of caviar from
Sturgeon (Acipenser ruthenus) farmed in Korea.
Journal of International Food Research, 22:
T777-781.

Pherson, M., Moller, M. and Moller, S., 2000.
PCR: The Basics from Background to Bench.
BIOS Scientific Publishers Ltd. population
structure. Evolution, 38: 1358-1370 .

Pourkazemi, M., 1996. Molecular and biochemical
genetic analysis of sturgeon stocks from the
south Caspian Sea. Ph.D. Thesis, School of
Biological Science University of Wales,
Swansea, 260 P.

Rezvani Gilkolaei, S., 1997. Molecular population
genetic studies of sturgeon species in the south
Caspian Sea. Ph.D. Thesis, School of Biological
Science University of Wales, Swansea, 196 P.

Rezvani Gilkolaei, S. and Skibinski, D., 1999. 2.
Polymerase Chain Reaction (PCR) and direct
sequencing of mtDNA from the ND5/6 gene
region in Persian strugeon (Acipenser persicus)
from the southern Caspian Sea. Iranian Journal
of Fisheries Sciences, 1: 23-34 .

Rezvani Gilkolaei, S., 2000. Study of mtDNA
vatriation of Russian sturgeon population from
the south Caspian Sea using RFLP analysis of
PCR amplified ND5/6 gene regions. IFRO,
2:13-36 .

Seelig, M., 1989. Cardiovascular consequences of
magnesium deficiency and loss: Pathogenesis,
prevalence and manifestations—Magnesium
and chloride loss in refractory potassium
repletion. The American Journal of Cardiology,

Yy

63:G4-G21. DOl:
9149(89)90213-0.
Thompson, J.D., Gibson, T.J., Plewniak, F.,
Jeanmougin, F. and Higgins, D.G., 1997. The
CLUSTAL_X windows interface: flexible
strategies for multiple sequence alignment aided

10.1016/0002-

by quality analysis tools. Journal of Nucleic
Acids Research, 25: 4876-4882 .

Ward, R.D., Zemlak, T. S., Innes, B.H., Last,
P.R. and Hebert, P.D., 2005. DNA barcoding
Australia’s ~ fish  species.  Philosophical
Transactions of the Royal Society B: Biological
Sciences, 360: 1847-1857 .

Wirth, M., Kirschbaum, F., Gessner, J., Krlger,
A., Patriche, N. and Billard, R., 2000.
Chemical and biochemical composition of
caviar from different sturgeon species and
origins. Journal of Food / Nahrung, 44:233-237.
DOI:10.1002/1521-
3803(20000701)44:4%3C233::AlD-
FOOD233%3E3.0.CO;2-1.


https://doi.org/10.1016/0002-9149\(89\)90213-0
https://doi.org/10.1016/0002-9149\(89\)90213-0
https://doi.org/10.1002/1521-3803\(20000701\)44:4%3C233::AID-FOOD233%3E3.0.CO;2-1
https://doi.org/10.1002/1521-3803\(20000701\)44:4%3C233::AID-FOOD233%3E3.0.CO;2-1
https://doi.org/10.1002/1521-3803\(20000701\)44:4%3C233::AID-FOOD233%3E3.0.CO;2-1
https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.1.1.6
http://isfj.ir/article-1-2403-en.html

[ Downloaded from isfj.ir on 2025-12-06 ]

[ DOR: 20.1001.1.10261354.1400.30.1.1.6 ]

Iranian Scientific Fisheries Journal Vol.30, No.1

Evaluation the Changes of Commercial Indices in Freshwater Farmed Caspian Sea Beluga
Sturgeon (Huso huso) Caviar: Mineral micronutrients, Color and Genetic structure

Barimani Sh."; Hedayatifard M.""; Motamedzadegan A."%; Bozorgnia A.*
“hedayati.m@gaemiau.ac.ir

1- Department of Fisheries, Qaemshahr Branch, Islamic Azad University, Qaemshahr, Iran
2- Department of Food Science and Technology, Sari Agricultural Sciences and Natural
Resources University, Sari, Iran

Abstract

The aim of this study was to identify and compare the mineral micronutrients compositions,
color and genetic structure differences between the wild and farmed Caspian Sea Beluga
(Huso huso) sturgeon caviar, which plays an important role to caviar market transparency to
prove farmed caviar quality and nutritional values and wild and farmed Beluga caviar genetic
identification.  Mineral micronutrients were measured by atomic absorption,
spectrophotometric and flame atomic emission spectroscopy methods, color by colorimeter
and genetic differences by PCR sequencing method. Results showed that, wild samples
contained higher amounts of calcium, magnesium, phosphorus and potassium than farmed
ones (P<0.05), while, iron, copper and zinc were higher in farmed samples (P<0.05). Sodium
content had no significant differences between wild and farmed samples, 4239.43+2.72 and
4237.21+2.18 (ug/g wet weight) respectively (P>0.05). L value in wild sample was 28.29 and
in farmed one was 46%, a value was 1.34 and 2.66% and b value was 10.72 and 16.27%
respectively (P<0.05), AE (color differences) was 15.21 between two samples. Genetic
structure had no significant differences between two samples. In conclusion, it can be said
that, there was significant differences in mineral micronutrients contents and color but genetic
structure did not show any significant differences between two samples.
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