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Abstract

Introduction: In aquaculture, controlled reproduction is very important, and the quality of gametes in
breeders is one of the limiting factors of aquaculture. It is necessary to use high quality gametes in breeding
process to improve reproductive performance and produce suitable larvae. Manipulation of aquatic
organisms, especially broodstock during reproduction, often increases the biological activities of the
organism and causes changes in the behavior and physiological characteristics of fish. The present study
was conducted to determine the effects of dietary vitamin C on biochemical, liver plasma enzymes activity,
and immune parameters in response to handling stress in goldfish (Carassius auratus).

Materials and Methods: A total of 120 female broodstock with an average weight of 90.00 + 1.29 g were
distributed in four treatments (with three replicate) and the feeding period lasted for eight weeks. The
treatments included: non-stressed fish fed a diet without vitamin C (0 mg/kg) (S'C"), non-stressed fish fed a
diet containing vitamin C (1000 mg/kg) (S'C"), fish under stress fed a diet without vitamin C (0 mg/kg)
(S*C") and stressed fish fed a diet containing vitamin C (1000 mg/kg) (S'C"). In the stress treatments, the
broodstock were chased and caught by a hand net daily for one min and exposed to air for another one min.
At the end of the experiments, the biochemical and immune indices were measured.

Results and Discussion: A significant difference was observed in the interaction between vitamin C and
stress in biochemical and immune parameters in different treatments (p<0.05). Stress caused a significant
increase in some biochemical indices such as cholesterol, triglycerides, cortisol, glucose, and liver plasma
enzyme levels in the S*C treatment (»p<0.05). Disturbances in the biosynthesis and metabolism of lipids and
lipoproteins in fish liver can lead to damage to the cell membrane, as well as the induction or inhibition of
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enzymes involved in lipid metabolism. These changes can also affect hormone levels that impact lipid
metabolism, leading to alterations in the circulating levels of triglycerides and cholesterol in fish exposed
to stress. Additionally, the significant increase in triglyceride and cholesterol levels in fish plasma may be
a physiological response to provide enough energy to minimize the harmful effects of stress. The reduction
of cholesterol and triglyceride levels in fish supplemented with vitamin C is likely due to the high ability of
this vitamin as an anti-stress factor and the lack of need for fat metabolism to combat stress. The induction
of stress significantly increased the level of liver plasma enzymes in the bloodstream of goldfish broodstock.
Vitamin C caused a significant decrease in biochemical parameters in the S'C* treatment (p<0.05). Stress
caused a significant decrease in immune parameters in the S'C™ treatment (p<0.05) and improved immune
parameters under stress conditions in the S'C" treatment (p<0.05). In stress conditions, vitamin C is able to
maintain the level of immune responses at a normal level by inhibiting the secretion of corticosteroids,
strengthening the antioxidant power of the host, increasing the efficiency of the liver and lymph tissues
involved in the production of molecules related to the immune system.

Conclusion: In general, the results of the present study showed that dietary vitamin C can act as a strong
stimulant to improve the immune system and reduce the effect of stress factors in goldfish breeders.
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Table 1: The amount of food ingredients and proximate composition of experimental diets for goldfish broodstock

(Carassius auratus)

Ingredients (g/kg) Diet without Diet containing
vitamin C vitamin C
Fish meal' 50 50
Corn gluten' 50 50
Meat poeder! 200 200
Soybean meal? 350 350
Binder® 40 40
Wheat flour® 150 150
Oat flour® 50 50
Corn flour? 50 50
Mineral complex* 10 10
Vitamin complex without vitamin C* 10 10
Vitamin C* 0 1
Dicalcium phosphate* 20 20
Fish oil! 10 10
Soybean oil! 10 10
Proximate composition of the diet (percentage)
Crude protein 41.65 41.65
Crude fat 5.64 5.64
Ash 8.16 8.16
Moisture 7.10 7.10
Vitamin C (mg/kg) 5.6 970
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1-Aquaculture Feed Production Factory of Qazvin, Qazvin, Iran.

2-Behsoy Soybean Company, Tehran, Iran.

3-Iranian Athar Cereals, Tabriz, Iran.

4-Jahanbin Supplement Company, Shahrekord, Iran (each kilogram of mineral supplement contains: 26 g iron, 12.5 g
zinc, 2 gselenium, 480 mg cobalt, 2.4 gcopper, 1 giodine, 12 g choline chloride and up to one kilogram of carrier
material. Each kilogram of vitamin supplement contains: 1,600,000 IU vitamin A, 400,000 IU vitamin D3, 4 g vitamin
E, 2 g vitamin K3, 6 g vitamin B1, 8 g vitamin B2, 12 g vitamin B3, 40 g vitamin BS, 4 g vitamin B6, 2 g vitamin B9, 8
g vitamin B12, 0.24 g vitamin H2, 2 g B.H.T and carrier material up to one kilogram.


http://dx.doi.org/10.71901/jad-2025-4-844
https://aqudev.liau.ac.ir/article-1-844-en.html

[ Downloaded from aqudev.liau.ac.ir on 2026-01-29 ]

[ DOI: 10.71901/jad-2025-4-844 |

\FF QM;TJL«%e)u‘ra;j,wu%;uﬁ&ﬂw};41,.:5

Cele) aslde odey 2T Sl dm Cele )
Aot 5 ol &S gl alogas akds ) Dde 4 (Ve
Atef ) azb S5 518 o me 53 4235 ) Sode 4 5 ok
.(and Falahatkar, 2014
/o mE/L Jalowe O3S e iulo 3T 0595 Job s
e Y EY OC OT slos ke A-Y pH /0
b oaws dewse 55 4 YO £V mg/L S
WTW, Weilheim, ) WTWS540I Jua el
(Obng IS5, pH ioww &S «(Germany
Ol coaly) (e it S 5 logor giles
sodid g Pl 6K s Olale s (6,8 o310 (0]
Sl el VY 5 slay, Celu VY gy Ll s L

J.J.&‘b )\}

Lowlign (S Ll (5 w50 511 9 (G518 pdiges

Sl el YF a8 5 i 0y win Al da
Ofee 5l (B3l jsba (b Yol (e wbad Ol
\b~mg/L¢.E.l.'oL;¢§:’>g.leo)L4_c)>;o.w.x:¢
K ) oslizal b 6,805 Slhes . Ldd i sgm
42 8 D o plse & jal Sl s Y mL
(s A 45 S O VML sgd ale s Ikt
4 aads N Ol 4 5 V00 g s b O ladise
Combi, Hamburg, ) s sle o&ws ale
Lld Sed Sl Ly Jswe> I, (Germany
Ols b odd lae Lol (Spand ef al., 2004)
A C s pledig slajesls Sl
NERPRRAS

Seslizal boygn ) lae ey S op5s 5

Olal @8 0557 ol &S5 olal oS

\td

33T So po v 8 T

Sys o 3 dgmae s 6,5 el e
Pl g Oljee A ealizal JIUST 25 (et
S 5 JS 05a 0 T dhes 4 s b 5k
IS g a5 /Y0 o pd 53 & 5ad 055 55 (6 g2en
(DK 20, Velp, Italy) ¢Sl g5l JIUS™ ows L
T e 35 ge 3 5l e3lial b 5 (5 S o510
Sl Bran el Ol X el adls /(08 Gse 055
(059 528) Sl oy =Vor x o /0 VP X O gl 25
SS9 A ) =8I0 X il Ao s

o3litl b dS g S5y 3l oz 6,5 03Il gl
b 8 Sy Colu A e w5 51 ST s DD
On 3 Gl 2 O Sy ST Ol el g
a3 00+ glos )3 Gdas 3 gs 0 liledl 5 JTslge 05
doss e S plndl Cole & Do 4 ol 5 Sl
A os e el 03sas S el (b,
VP Sde a5 05T 3 518 sl a3 V00 Oyl >
AOAC, ) w35 poni ol 035 4 Odewy b Colan
012

Bl 39 § 4IF
4 555 05 edey 33 plse SRl ol el (ol
VP g Ay Olelo 55 (G d j3 g ada A e
Ol 4 5 Ldd O st O3bes dan aljg, . Ldd 4 ds
Ol oled s o 985 O o T 51 o) 0o
Yok Yy mLiS oo b 235 55 OT (eem lyls
Oie (ooled 53 ST (plasd 5 (05 Lol 3 b ding
ol 35 05 Olale 4 el 5 AL OLSS

e Sele 8K )3 5 4l el Cou slasles


http://dx.doi.org/10.71901/jad-2025-4-844
https://aqudev.liau.ac.ir/article-1-844-en.html

[ Downloaded from aqudev.liau.ac.ir on 2026-01-29 ]

[ DOI: 10.71901/jad-2025-4-844 |

v

Intra assayS 5 A,> #/¥ Inter assays L s ELISA
Martins, et al., ) .\i.a)f L;ﬁfa;,w Lo ys Y/

(2025

e BB sl (8 w0l
G el et (WIV) 555Y C b
L (Y44+) Ellis Lwg odd Caoy i, sdS
s Ol g 4 Micrococcus luteus g ;Sb 51 eslasul
Oljs Ad ot (PH #/Y) Olind e 3L 5o
S ol L) Ly S o 5 06 5 sl
51(C4 5C3) OldaS (oliorl Chle 5 ¢ v Sy 5uS
CS o &S Gl ealital by (6 e o) 55 s seal S5
b SlienS) s shen Bkl el (0150 e S 05057 0
Sl S (S w by S e gy Sl eslizal
a5 (01 WWLg) Codl Ly &S L2 ST, sl
PO MM e sb 53 e gy Sl o8 dlwy

Lodld (G bl uloxi § 4 3
555 ol 33 BT 8K Sy 4 il sl
0351l 5 1zl planil oalias ST 7 b oSy G
o3zl b o 5 4 b puilsls (Ko iz 5 Laesls
s=on OF 5 O g o5 ,8 5l S S0 505T
obols 5T eSS 4 esls (bl ) ks
awlis 0437 5 (Two-way ANOVA) & b
IBM ) Y+ 455 SPSS i3l 5 Lammn 55 Sl 800
SPSS Statistics, Version 20.0; IBM Corp, NY,
plasil +/00 (5513 me pelaw 5 b JUT s plxit (USA
Ol £ o Kle Sy go 4 0kd @1l glaosls 5 b

L ‘)L:a.a

e @M b p e gl glesdgn et ls po € ulty I

A S Yo Sl el sl s (S 51
3 da) e Jlome 51 il s Se Vet el e 4 45l
(Voo & F s 4 3 me slad sloms 05 505 b slies
b (6,8 0310 caids O 5l a5 0dd Jor g8 030
Unico, New Jersey, ) e g 5 Sl 68w 1 3Lzl
plosil YV °C b y5 5 0F# nm T Jdsb > (USA
.(Bradford, 1976) .

2 el 5 s pdS SISl
G lbg S e 3l eslinel b Lewdly (sladses
WssT ol OS50 olw eS8
S 5N ML Ol 4 1l 5 s el (O ) S
DMie 4 ol 5 4y assS 0ays | 5K
day d S g 4 SIS S L Y L
JE ATNCIPIR SN g BT SV T RRCINT
S S 5 Jhie OT sl S8 il s s 8
O aalsl 53 5 A osls L1 5 e st g xSl o&is 0553
S S s Lt wses sl gloss
Ko 3 boyS 6,805 Lo .2e S,
Sl asli Hlias OFF M 50 b 5 e 5585 S
{Burtis et al., 2012) w5 (5,8 03141 Lewdly

T
T 5 (ALP) 56lis - JIIT «(AST) 1wl 5 snel
CS i eSS esliul b (ALT) i el 5 e
Joadly s polol 5 (Ol) (2 5) 05031 0k
{(Abdollahpour ef al., 2020) L2 plxil S

CS Sl daplsS S Sl
Acubind, Monoband, Lake ) Asbgse Js50,5
ol baises s 8 eslizel (Forest, USA
Faobdass,sS Chle godd esll S5 fadll) sz


http://dx.doi.org/10.71901/jad-2025-4-844
https://aqudev.liau.ac.ir/article-1-844-en.html

[ Downloaded from aqudev.liau.ac.ir on 2026-01-29 ]

[ DOI: 10.71901/jad-2025-4-844 |

\FF QM;TJL«%e)u‘ra;j,wu%;uﬁ&ﬂw};41,.:5

5C mlins bl 155 ol imn B emlts ull
by sy S 5 daiasS Ol g el
s igne Sl el ozl (opl pogdle (p<+/+0)
e 25Vl 5 <0/00) 48 S8 5 U587 Olse
SLI> 4 s odalin S'CT Lo 55 S48 5 55,58
ool s 3 basle s b (gl ian M
2SI 5 s Ol slsgan S el C
313 Ol gl s bajled S5 b amglin 53 STT ey
2o sl 5 C ey Blize 15 (ol gan ks
(<o) Zals s AST plewdly Sl 5T Ol e
ST Ol 5 b Sl Gl & o
Ol cpptie 5 (P<o/00) Zals A4S SLeadl
ool Cow lasles 5 AST LSl L;uﬁﬂ
Rl Lol C sy K03 (5 I b odalie
L aS gl o BT (S Ol Syls e

(p<+/00)

A
& ]
S bodign Sy 2>l

3 b bl o C by SU

T e e T
ol 0l &1 Y Jgdo 53 JaslejT atin S Gl e
33C el s 5 el blize 5153 (o )ls me (oDl
ol P 0) LAl sy plendgn sl Dl
s b 85 5 Jg pdS Ol Golsine !
Obale 55 b ,edS 65 5 s ndS Oljen 5 (<2/10)
WL IR STC Dl boawlae s e el S
JsdS Oljn sls e 22l Lol € by (iomen
Loyl sl 0l s 4 ST g 5o b S 6 5
Olje 33 oyl 5 C ulug flie J1 s ()l gme
23 S ysb 4 (p<+/20) Cils sy S S,
oDt 47 s sdaline JST 55 S2alS STCT o 8
AL p</00) Csla ST oy 8 L gls gne
Glls & ds edalin ST Hlas 43 IS 55, Ol

2P 0) s byl Ks b ls gae oM


http://dx.doi.org/10.71901/jad-2025-4-844
https://aqudev.liau.ac.ir/article-1-844-en.html

[ Downloaded from aqudev.liau.ac.ir on 2026-01-29 ]

[ DOI: 10.7190V/jad-2025-4-844 |

¥

e @M b p e gl gl e et ls po € pulty S

M=y lxs ol il &:fsl:,«) OoslesT aman Sk ) g o2l Oseks 5 oyl S (Carassius auratus) oMo ple Jse ple 55 olasdgo jasls yo,e-C ;nﬁ\;u,_:‘l: Y Jods

Table 2: Effect of dietary vitamin C on biochemical indices in goldfish (Carassius auratus) broodstock under stress and without stress after eight weeks of
experiment (mean + standard deviation, n=3)

Treatments Two-way ANOVA

Parameters SCH S*CH SC) (S*CH vitamin C  stress stress + vitamin C
Cholesterol (mg/dL) 186.33£12.05° 249.33+9.71° 203.00+7.54° 246.66+7.50* 0.233 0.113 0.000
Triglyceride (mg/dL)  216.33+10.05°  238.6+66.65* 231.5+00.56° 282.9+33.07° 0.000 0.014 0.001
Total Protein (g/dL) 4.14+0.392 3.33+0.02° 3.57+0.06° 3.33+0.90° 0.042 0.042 0.002
Glucose (mg/dL) 52.96+4.26° 49.06+2.61°¢ 61.43£2.00° 73.00£3.052 0.064 0.003 0.000
Cortisol (ng/mL) 31.33+1.38¢ 50.53+3.15° 43.50+1.76¢ 56.90+3.06* 0.076 0.000 0.000
ALP (IU/L) 115.00+7.00¢ 165.00+7.54° 137.33+£7.09¢ 194.00+9.64° 0.000 0.485 0.000
AST (IU/L) 214.33+19.00°  336.33£11.01°  236.33£14.04>  343.66+53.81% 0.420 0.682 0.000
ALT (IU/L) 17.36+1.90° 32.60+2.622 23.93+£3.12° 30.16+£3.912 0.264 0.031 0.000

D 0700) Sl s gme 9Dl oias OLAS Caysy a5 Olees 1 o5 o >

Syl gl T ALT it 5 el SlyLaT :AST Gblins (JSITALP ozl 4+ C sl 5 050 :STC ozl 05+ C ol 096 :SC ¢ ozl + C ool 5 :STCT (o 2l 05+ C sl 5 :STCF

Non-similar letters in each row indicate significant differences (p< 0.05).

S"C*: Vitamin C + without stress, S'C*: Vitamin C + stress, S'C: Without Vitamin C + without stress, S'C: Without Vitamin C + stress. ALP: Alkaline phosphatase, AST:
Aspartate aminotransferase, ALT: Alanine aminotransferase.
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Table 3: Effect of dietary vitamin C on immune indices in goldfish (Carassius auratus) broodstock under stress and
without stress after eight weeks of experiment (mean =+ standard deviation, n=3)

aded from agudeviliau.ac.ir on 2026-01-29 |

Treatments Two-way ANOVA
Parameters (S ChH S*TChH SC) STCH C o»y stress  stress + vitamin C
Lysozyme (IU/mL) 33.43+3.51° 23.20+2.19° 28.53+2.702 22.26+£2.21° 0.241  0.099 0.000
Myeloperoxidase (ng/mL) 224.66£10.96*  163.66+4.16°  189.33£2.51°  133.00+6.55¢  0.747  0.001 0.000
STotal immunoglobulin (mg/mL) 24.33+0.92* 19.86+0.73° 22.43+1.59* 18.30+0.45° 0.784  0.019 0.000
E Complement C3 (mg/dL) 45.53+0.76? 38.23+£2.84° 44.73£1.36° 36.46+5.10° 0.789  0.483 0.002
8 Complement C4 (mg/dL) 13.76+0.90? 9.50+1.20° 12.36+1.332 9.20+2.02° 0.523  0.332 0.002
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Non-similar letters in each row indicate significant differences (p< 0.05).
S"C*: Vitamin C + without stress, S'C": Vitamin C + stress, S"C-: Without Vitamin C + without stress, S*C~: Without Vitamin C
+ stress. ALP: Alkaline phosphatase, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase
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