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Extended Abstract:

Introduction: Natural bioactive compounds with medicinal and antimicrobial properties are increasingly
recognized as effective organic alternatives for the prevention and treatment of infectious diseases in
aquaculture (Fatahi er al., 2025). Among these, the rhizome of ginger (Zingiber officinale) has been
widely documented for its broad-spectrum preventive and therapeutic activities (Ernst and Pittler, 2000),
demonstrating efficacy against a diverse range of bacterial, viral, fungal, and parasitic pathogens (Agrawal
et al.,, 2001). The pharmacological effects of ginger are largely attributed to its abundant secondary
metabolites, which play a critical role in the biological and antimicrobial activities of the plant. Moreover,
ginger contains various essential elements and nutritional constituents that may further contribute to its
functional value. In aquaculture research, considerable attention has been given to the growth-promoting
and immunostimulatory properties of ginger across different aquatic species. Notable examples include its
dietary application in farmed beluga sturgeon (Huso huso) (Gholipour Kanani et al., 2014), the giant
freshwater prawn (Macrobrachium rosenbergii) (El-Desouky et al., 2012), Asian seabass (Lates
calcarifer) (Talpur et al., 2013), Nile tilapia (Oreochromis niloticus) (Antache et al., 2014), and rainbow
trout (Oncorhynchus mykiss) (Dugenci et al., 2003; Nya and Austin, 2009; Haghighi and Sharif Rohani,
2013; Awad et al., 2013; Akrami et al., 2018; Soltanian et al., 2020; Faghani Langroodi and Mohammad
Nejad, 2021). Given its diverse pharmacological and nutritional benefits, ginger represents a promising
natural additive for improving fish health and performance. Therefore, the present study aimed to evaluate
the effects of ginger extract on growth performance, survival, and antioxidant defense in Siberian sturgeon
(Acipenser baerii).

Materials and methods: Ginger rhizomes were dried, ground, and subjected to extraction using the
percolation method. An 80% ethanol-alcohol solvent was added at a plant-to-solvent ratio of 1:3.
Extraction was performed at a temperature of 50-55°C. Following extraction, the resulting crude extract
was concentrated under vacuum using a rotary evaporator at 50-55°C. Pasteurization was then applied to
the concentrated extract. The weight of the concentrated extract and the extraction yield were determined.
The concentrated extract was stored at -18°C until further processing into powder using a spray dryer
(Ozakan et al., 2007). Given the diverse phytochemical profile of ginger and the varying properties of its
constituents (e.g., different boiling points), multiple analytical techniques were employed to
comprehensively assess the compounds present in the prepared extract. Gas Chromatography-Mass
Spectrometry (GC-MS) and High-Performance Liquid Chromatography (HPLC) were utilized for this
purpose (Rouessac and Rouessac, 2007; Lakshmi and Rajalakshmi, 2011). A total of 180 Siberian
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sturgeon with an average weight of 13.8 + 0.11 g were randomly distributed into four treatments,
including a control and three experimental groups (each in triplicate). Ginger powder extract was added to
the diets of the experimental groups at inclusion levels of 0.5, 1, and 1.5%. Fish were fed manually in
fiberglass tanks for eight weeks. Growth indices including condition factor (CF), feed conversion ratio
(FCR), body weight increase (BWI), specific growth rate (SGR), growth rate (GR), average daily growth
(ADG), weight gain (WQ), and mortality rate were evaluated. At the end of the rearing period, blood
samples were collected to assess antioxidant enzyme activity. Six fish were randomly selected from each
treatment, and blood was collected using a 2 mL syringe via the caudal vein with minimal handling stress.
Blood samples (without anticoagulant) were centrifuged at 3000 rpm for 10 min and stored at —80°C.
GPX, SOD, CAT, and MDA levels were measured using commercial kits (Zellbio, Germany) and an
ELISA Reader (DANA DA3200, Iran).

Results and Discussion: No mortality was observed during the two-month rearing period, and survival
was 100%. Final weight, biomass, production, BWI, SGR, ADG, and WG differed significantly among
treatments (P<0.05). These indices showed an increasing trend in treatments 1, 2, and 3 compared with the
control, with treatment 1 showing significantly higher values than the control (p<0.05). The lowest values
were recorded in the control group. No significant differences were observed in other indices (p>0.05).
Antioxidant enzyme activities (CAT, GPX, and SOD) increased significantly, while MDA levels
decreased significantly compared with the control (p<0.05). Improved antioxidant status is directly
associated with better growth and survival indices. Reduced oxidative stress in tissues such as the liver
and muscle lowers the energy required for repair, allowing more energy to support growth and
development. Hoseini et al. (2022) similarly reported that ginger supplementation in ammonia-stressed
rainbow trout enhanced antioxidant activity and improved final weight and FCR. A strong antioxidant
system supports the integrity of immune cells (e.g., lymphocytes and macrophages), leading to more
effective immune responses and ultimately higher survival rates (Adeshina et al., 2021).

Conclusion: Based on the results, the inclusion of 1% ginger extract in the diet of Siberian sturgeon can
activate the Nrf2 pathway, enhance antioxidant enzyme activity (increased SOD, CAT, and GPX), reduce
lipid peroxidation (MDA), and improve growth performance and survival, particularly under stress
conditions. Given its wide range of bioactive compounds, strong antioxidant capacity, and
health-promoting effects, ginger is a valuable medicinal plant that can significantly enhance fish health,
growth, and resistance in aquaculture. Its use as a natural alternative to antibiotics and chemical additives
offers an effective, safe, and sustainable strategy for improving productivity and reducing disease in
farming systems.

Contflict of Interest: There is no conflict of interest between the authors of the article.

Acknowledgment: We would like to thank the specialists at the International Sturgeon Research Institute.
This study is part of research project number 020564-067-12-32-2, approved by the Iranian Fisheries
Science Research Institute and registered with the Agricultural Research, Education and Extension

Organization (AREEO).

Key words: Siberian sturgeon, ginger extract, antioxidant enzymes, growth, survival

* Corresponding Author: soheilbm274@gmail.com

94


http://dx.doi.org/10.71901/jad-2026-2-926
http://aqudev.lahijan.iau.ir/article-1-926-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-08-01 ]

[ DOI: 10.71901/jad-2026-2-926 |

0 ﬂv—\'ALSLAWL\F'a Qw)‘(’)%‘)u‘fmfdb‘éjﬁﬂéjTW};41)‘:"
DOI: 10.71901/jad-2026-2-926

6&.&)}3. 43L2.4"

Wy Sy a>W p (Zingiber officinale) Jux ) <Kis o las Ol S
(Acipenser baerii) & yuw Slowli 33 Sl ZT £Bd 9 Fwilojb

398 el el O STV 0303,5b 01393 ) purde (313 age

Ol ecidy os5,5S

L AVALEN R VECF/Y/TY (8L 5 b

o
o Kist o jlas 1 gy p s b tag s ol (Zingiber officinale) Juos o513 oS sblse 5 dde S Sl 4 a5 L
Pl 320 WAL 5 s el (Acipenser Daerii) s e ol 55 S8 ST p6s S Al sy gl asls ol
4 Jes S0 osbae Sl 4w s Mals Jals 1SS an Lol Sler 3 (Bl sb w0 S WARNY s oS b (6
L3 55 odalie dals 5 basles 55 SWAL anle 93 g 095 Jsb 55 Ul 4 Ji diis Sk oo o, o3 VO 5 ) 00/0 S
L &5 BWD 055 13 oys 5 W5 ¢ olg mam o2l 033 Ol 53 s 0035 OLY 5339 Vv Olale Sl
zb (p<0.05) wi odalive LT Hls gma Ml s Hlas 53 (WG) ale 055 2131 5 (ADG) &l iy & «(GR) o35
e S8 ) Sl 3 0T Ol 5 ol 4zl )l Ligy dals 4 Cod ¥ 5 Y ) (slalos Olale 55 Lol ol o8 sls Ol
O Gl sme M| iy gla et la e 533§ sdalie dali Sles 53 35 Oljwe op 2S5 (0<0.05) o35 dali 31 ziy (o)l
36 e ST g 5 (GPX) 1S, 0556 58 (CAT) JYUIS olans’| 5T 5uﬁ;T e .(>0.05) wis odalive bajles
Cose & ald 4 Cod MDA Ole (Js i odalie ()b Sl gne (2l ol 4 o bajlas Olale 05 ¢ (SOD)
5, S0es 350 93 Uil h 0 o3 ) Qlfywjdﬁi&a)wJslzahiéétbﬁal@l:.}.(p<0.05)¢é\iJf.:alf&)bd:;u

B 5 (6 e Alols SIS 5T 6B 5 i

;.uu,'b_‘,u»)‘QIW\@T(,{;T‘M;UW‘&M@@\: HU RN (W N (g

soheilbm274@gmail.com : oL Slsedgs *


http://dx.doi.org/10.71901/jad-2026-2-926
http://dx.doi.org/10.71901/jad-2026-2-926
http://aqudev.lahijan.iau.ir/article-1-926-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-08-01 ]

[ DOI: 10.71901/jad-2026-2-926 |

\Fe Qm)ccjtg;: oJucmdbcgJ}f;&ﬁTw}S 4.1)..';.;

(el cp gl (555 (LIS (ps ST e comnly
Sy E 5 C A Glauls g ¢l oop 9D 50
G &S Ll @iy Jole (s s Ol
Lol O ladss 2550 5 (2ol Caols 53 ooge
.(Vasala, 2012)

oy 3 03 28 oslizal Lol LV alex
(s (eSSt ST sl s
R I Y I & S TS B
S s Sl 5 Sy e — B ediS Ll
Ernst and Pittler, 2000; Grzanna ) <.l ol:f o
Sl b sl Ly dlee OS5 (et al., 2005
@eﬂ sl dNOS 5 COX-2 LSL“Vi}T
5 (L-6 dL-1p (TNF-0) sl slasS sl
s olgdl Jials g Nrf2-ARE s (g5ludled
5 (Grzanna et al., 2005) Ly Johe Clodloa
SMSIST ol S w ey Ko s
ISy oliS s 6l 5 oS Canndl Olsie 4 coall
ozl Bl il & Olsis 4 5 LS 5
Aoy SaiS y e3pus s Cossems Jlis o
(Gabor et al., 2012) cwl ois 4..9}?
S SO s s nsRT i 53
35 aliie s S 3 1) ey el 5 S
ol Shs s 80 Jols & Wlesls 15 anllas
Gholipour ) %, (Huso huso) b |5 s kg
e T Slys s & «(Kanani ef al., 2014
El-Desouky et ) (Macrobrachium rosenbergii)
(Lates calcarifer) slwT b b dal., 2012
Oreochromis ) M\ ab (Talpur et al., 2013)
YT sl 5 (Antache et al., 2014) (niloticus
Nya and ) (Oncorhynchus mykiss) oL‘Sd.i: )

45

.

oo
sl 05 s b b OS5 51 eslanal
Slr JTol oy Ll o (29,500 A 5 (291>
o3 nSHT 2 Sshe Bl Oloys 5 6 SRy
Zingiber ) J.><; .(Fatahi et al., 2025) 4al
o3 Zingiberaceae oslgl= I (officinale
4 &S Sl Jl Yeor 51 i 5 (Kapoor, 2000)
D5 eslizal 3y ab Sssl s 4l Olge
4 ol -»! (Ghasemi Pirbalooti, 2011) 3,8
22 (sos) i 5 Ay Sl eyl S S Olse
S Dbl Al 4y eag Ade 0T
Nya and ) &S o ¢SS 68 ns T o blew
£352 .(Austin, 2009; El-Desouky et al., 2012
S iy I 5 (gles 28 b gyl o
5> 5 (Emnst and Pittler, 2000) cul Sleys o
(325 0 2L SL b les Sl s Cab xS
(Agrawal ef al., Asl o Jj3e 58 L;fq\ PR3]t
S esdae Jleé OS5 (9l o £330 2001)
4 5 o &S ool g i 5 o5 69 dler
s (zingerone) Oy s «(shogaol) LJ& e
(Chang et al., Lss o5 (paradol) Jyslyy
Olse & g 6 «SLS 5 oyl Ola 55 2012)
SUS 5 5 odb s lh Joomd) 0 5m o3l o 7 bl
s 53 I b 5 g i =V s i A L
(Dadfar et al., 2015) % ,5 ;13 &5 LS 5
SO ol 3 ST i OLS 5yl
35w A 5 Slays OIS sk 5 ails oS
oMo . onl o f3a 3l g0 Slos 8 a4 Loy o fond
3 pote 5l Glos 28 ae gazmn (Slls i3 o2l
cprter (AT b (@edST Leli laudis DS 5


http://dx.doi.org/10.71901/jad-2026-2-926
http://aqudev.lahijan.iau.ir/article-1-926-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-08-01 ]

[ DOI: 10.71901/jad-2026-2-926 |

av

Jemis ool SLS 5 s Shs w5 b L2022
Coanl pioman 5 dialijyl 5503 oS S Ol e 4
o ch”J.;LgJ'.:T Cxo )3 (G Aol (g3l
2 odems obae BB Lol sk 4 adles
2 SHenST1 BT plos Sl i gl el

s 8 ot 251 6

by w9y 9 3lg0
Jumi s oS 3l oslas 4gi

05V S 5 oo a4 OIS ol 51 (6,8 e slae
ST 5 st (o olS pojuy bl L pln
b e o 0315 13 (6,8 0l o8aus 53 5 3,8
s 0000 les 5 YA Jsbl S 055l
i T Joe 4 (6,8 0 5kae olS 51 51 5 Sl
(s S osbae pldl 5y 3 ¥ ) I oS
Mt s e oSias by i dol ojlas
do b3l sl 4y 00200 sles > (4bsy)
Al Ogeli sl Slles 5 Ll OB
S oskas o33l 5 ods Ll ojlae O pomen
4 08 s b b ods Loy ojlas s S
a3 VA 555 5> Spray dryer ¢SS 4 sy
(Ozakan et al., 2007) & 5,146 31,5 sl

ECiS o jlac 10 89 g0 Dl 5 (G g 01!
5 el 3 s SLS S psS 4 e s L
G Ak s DL 5 e ol sl S
hn (Sl gadaie S gy Sl o Y (gl
skl sdd A5 oslas j3 30 LS 5 bl
SIS 5l S ey 55 5l sshie 1 s 8
HPLO) mle 315 5ky S5 (GC -MS) 58

a3 S o las

Austin, 2009; Haghighi and Sharif Rohani,
2013; Awad et al., 2013; Akrami et al., 2018;
Soltanian ef al., 2020; Faghani Langroodi and

AL » (Mohammad Nejad, 2021

o 3Ll Juzs; S (Y0Y) 01,8 5 Hassaan
23,5 (o tled el Ll 5 55 1) (g8 o
s S b 1y SIS ST sl e ls ssg s
Jeiy opo oty 55 (Y0¥Y) 01, 5 Adeshina
prace SasE 5 (@M e 4 edd SLA
Aeromonas hydrophila & Cwslas 5 1S 5T
LOT mls L3S ) s 2B 3T (b 45 )
U bt SIS 5T Canidy sp ol Ol
Lol Lase WLOSSL L oagrlse o & A5
5 Xy, oedle (YoYY) o,a 5 Hoseini
Lyl o o 1y Jeoss sl S daglansT| T
5 Yousefi .58 oy, (WU SSLseT) 2l
Gl asle 5 ) 1wy p 4 (YY) 0LSKs
GYBE b)) DS I BT Gl sT 5 k)
3585 53 Gl 0556 58 5 56 s> LS 5
iztls ) gas

e« }f (Acipenser baerii) & yuw plawl
Lol Olgr e 53 (Losn sLsle Mg s
5 o fk (S 053 (AU 035 A8 N e
g5 5 S5 58 rimen (e ol S 43 (a3l 5l
COF S s £ ol B )
2SS Goag > el sbeS 5 S olse
Al 355 e ot ST s Ol
5 doe o (6555l8 5 Sl Olesle Ll o)1 E
ao,0 Fsp Jbs edas iu ol5L sla LT
3,8 o sl 68 il Sl Sler il s e
Bronzi et al., 2019; Stejskal et al., 2020; FAO, )


http://dx.doi.org/10.71901/jad-2026-2-926
http://aqudev.lahijan.iau.ir/article-1-926-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-08-01 ]

[ DOI: 10.71901/jad-2026-2-926 |

\Fe Qm)ccjtg;: o)ucmdbcgJ}f;&ﬁTw}S “'.'.J‘:"’

W /0) Jui s S50 o slas Cabes palas I isleT
,ljswu,,;),.\;@p?;;eﬁu;(w,;\/aj\
Sl il s & S s 0053 b A S
wherd 5 (S5 laesls 6,8 o5l (glo s

A3 8 oIl 5y ST

DOIAS 09
YOS el oams i Ol 4 Olabe
Cug dw )3 ((Fud D)o 9 o) 035 Oy Ao
Mohseni ef ) Lus 4dxs (YW 500 A Slels )
93 sled  esled el Olale (sl (al., 2006
IS Jodes 53 5 o saie 5 461 Doy b
Ll s (6505 5l eslizal b gldé ooy a s S
Wiz o eba 53 505 8 55 p 5 /0 b
Shans = O aze dops Ve dE s
b 8 o O 2312 51 |5 595 2 WD
Lo JI OV g odis Oy Jlal lde

'JJ;CJGQJZJJJ'}:

ST bl § 38 (S i1 (S 50 1Nl
ST bt 5 (Kb lay S Sl
WTW Jlow s ofaws bow s pH 5 OT glos Jols
Ol 5 (OWIT Weilheim =L pH 3301 J)
WTW Jlios jia oS5 oslinal b Jsloes 508
&8s L (OWIT Weilheim el Oxi 3301 Jo)
by slaosls 5 8 8 plsil lis, b a0/
Sl SSbe aale 55 s e)ss b Ads

(Y Jgr) 035 o PH 5 shoms 050081 0T

aA

Rouessac and Rouessac, 2007) .58 oslizul

.(Lakhsmi and Rajalakshmi, 2011;

SI0E S o > 4g 5 S o3l o9
olas Calies lado)s L polde Hibi 4
o LS (glde ¢ foms) oyl JsmeS 5L 5 605
NS el g FAL pls s slie L)l
VY Cashy 0L ST (VD b LY ol b
S T 51,8 eslizal 7 +/0 p2es 31 VIA S
CodS Lad 5 5 S )3 DLST 5 opl 02558 0 g
o I Sl Sla, 5 (ol Sl I (B e IS
Seghde o g 5 e 4 SLS 5 03550 sk
s gl 55 05500 Sl 5 T 53 Dol sy
GLlis i oslitul SLS 5 cpl JalS 03508 s
(Colo YF St @) 1ioes Sla s (S5 2 0kl 4
St GlE e Ly § ¢St Lasma slos 43
P90 Sl oy ekl By bl edd
53 okd Wy ke .(Noga, 2000) w58 34l
ssbe 4 e 5 LD aBu) Hls pd ek gk
Sl a3 =5 (Glas )3 il slaode s 55 w5

..gzjfé)\déij J\Jf

Obale G slod 9 (Gl 0 pd
Gy 5 et g oAbl 3de VAL sl
WAL 1NN G55 SOle b (US  Jsb 5 055) (i
= ) B (5 b e VY 4 S
g Sl ol k3§ e () YO 5, K
Completely ) gslas o8 SRl
Dz o3 s el Jf Sk (Randomized Design
g w5 wals fols 1SS 4w b il les


http://dx.doi.org/10.71901/jad-2026-2-926
http://aqudev.lahijan.iau.ir/article-1-926-en.html

[ Downloaded from aqudev.lahijan.iau.ir on 2026-08-01 ]

[ DOI: 10.71901/jad-2026-2-926 |

a4 a3 S o las

Joos3 oSt o 5lae T s ) Ut
Table 1: Results of the analysis of the dry ginger extract

Compounds Dry extract (%)
6-Gingerol (mg/l) 25-18
6-Shogaol (mg/1) 8-4

: 55-35
Total phenolic content (mg/g)
Total Flavonoids (mg/g) 14-8
Antioxidant Activity (%) 85-70
Moisture (%) 8-6

Gosn 023 b edkd (6, Il plass 5 S5 sl g6 Y Jpu

Table 2: Physical and chemical factors measured during the rearing period

Water temperature Dissolved

Rearing period oxygeon (mg/l) pH
The first four weeks of 0.52+21.8 0.28 +6.73 0.12+6.7
rearing
The second four weeks of 0594222 0.38£6.75 0.19£6.9
rearing
Total rearing period 0.55+£22.1 0.32+6.74 0.15+6.8
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Table 3: Growth indices of Siberian sturgeon fed with different levels of ginger extract (Mean + SD )

Parameter Control T T, T3
Initial weight (g) 13.91+0.29 13.86+0.31 14.04+0.14 13.53+0.17
Final weight(g) 178.58 + 3.44 ® 201.76 £+ 11.242 195.76+9.13 ® 189.14 +1.23
Initial length(cm) 16.81+0.16 16.68 £0.10 17.04+0.19 16.62+0.04
Final length(cm) 37.64+0.29 38.68 £0.86 38.68 £0.84 38.45+0.50
Condition factor (CF) 0.33+£0.001 0.35+£0.007 0.34£0.006 0.34£0.006
Feed conversion ratio (FCR) 0.85+0.02 0.79+£0.05 0.80+£0.04 0.79+0.02
Initial biomass (g) 139.12+£2.94 138.46 £2.38 140.49+£1.43 13539+ 1.75
Final biomass (g) 1785.80+34.42 %  2017.60+112.43%  1957.57+91.26%  1891.43+44.71%
Production (g) 1646.68 + 32.52°  1879.14£110.06*  1817.07 £89.983%  1756.04 +46.06 *°
Body weight increase (BWI) 1184.12+ 21.60° 1355.29 £55.79* 1292.42 £52.83%  1298.10 +48.27%
Specific growth rate (SGR) 4.56+0.03 4.78 £0.06 4.70+0.07 4.71+0.06
Growth rate (GR) 2.94+0.06° 3.36£0.19* 3.24+0.17% 3.14+0.08%
Average daily growth (ADG) 21.15+ 0.38° 24.20+0.99*° 23.08 £0.94 23.18£0.86
Weight gain (WG) 164.67 +3.23" 187.91+ 11.004 * 181.71 +8.99 2 175.60 +4.61%
P 0) Asl n ol s sme DS 5 g g okins OLES Caysy o CLF"AI"" oY o
The latin letters in each row shows significant difference (p<0.05).
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Figure 1: Comparison of the CAT activity of blood serum in Acipenser baerii fed different levels of ginger at the
end of the rearing period.
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*The data that are specified with dissimilar letters have statistically significant differences (p<0.05) (n = 6).
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Figure 2: Comparison of the GPX activity of blood serum in Acipenser baerii fed different levels of ginger at the

end of the rearing period.
*The data that are specified with dissimilar letters have statistically significant differences (p<0.05) (n = 6).
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Figure 3: Comparison of the SOD activity of blood serum in Acipenser baerii fed different levels of ginger at the

end of the rearing period.
*The data that are specified with dissimilar letters have statistically significant differences (»<0.05) (n = 6).
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Figure 4: Comparison of the MDA of blood serum in Acipenser baerii fed different levels of ginger at the end of

the rearing period.
*The data that are specified with dissimilar letters have statistically significant differences (p<0.05) (n = 6).
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