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Effects of dietary high levels of vitamin A on growth performance,
feed utilization and immune responses of juvenile
Cyprinus carpio var. jian
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Abstract ; Jian carps were developed by comprehensive breeding technique as a new variety with fast
growth, efficient feed conversion, strong disease resistance, high market value, and excellent hereditary
properties, and are considered a commercially important teleost for inland culture in China. The expriment
was conducted to determine the effects of dietary hight levels of vitamin A on growth performance, feed
utilization and immune responses in juvenile Cyprinus carpio var. jian. Prior to the formulation of diets,
vitamin A contents of ingredients were analyzed fluorimetrically and vitamin A was found to be absent in the

fishmeal, rice protein meal, a-starch, the soya oil. Five diets with increasing dietary vitamin A
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concentration (3 969, 23 816, 39 693, 99 233 and 158 773 IU-kg ", respectively) were randomly fed to
triplicate groups of 40 fish( initial mean weight 11.37 £0.55 g) each for 70 days. Juvenile Jian carps were
obtained from a local commercial farm and stocked in the glass tanks for 2 weeks prior to the trial. At the
beginning of the experiment, all fish in good health and condition were stocked in each aquarium(80 cm x
55 cm x 30 cm). All dry ingredients were finely ground, carefully weighed and mixed thoroughly in a
Hobart mixer. Vitamin A was pre-added in an oil mixer. The wet mash of even consistency was cold-
extruded through a pelletizer with a 2-mm diameter diet. The dry pellets were placed in covered plastic bags
and stored frozen at —20 C until fed. Each replicate was provided with flow-through tap water (2 liter
min '), constant aeration and cleaned as needed. Initial daily ration was 3% —4% of the body weight and
adjusted according to feeding response. Based on visual observation, fish were fed by hand to apparent
satiety twice per day in two equal portions at 9:00 and 15:00 h over a 10-minute period. Water quality
parameters were monitored twice weekly. Water temperature was maintained at 21 °C ; dissolved oxygen =
5.0 mg-L™'; total ammonia-nitrogen 0. 025 —0.042 mg-L™". At the termination of the growth trial, ten
fish with similar body weight were obtained from every tank and moved to the same tank, acclimated to the
culture condition for five days prior to infection and maintained at 25 C and kept another 15-days challenge
trial. The challenge bacterium, Aeromonas hydrophila, stored at —70 C until use. The control group(non-
infected group) was injected i. p. with 0.5 mL 0.9% NaCl per fish. The fish were observed daily and
moribund fish were recorded from the aquaria for the subsequent 15 days. A vaccination trial was conducted
following the 70-day growth trial. At the termination of the growth trial, 12 disease-ree fish with similar
body weight in each tank were obtained pooled by diet and cultured in one tank maintained at 25 C during
the following 24-day vaccination experiment. Fish were acclimated to the vaccination trial culture condition
for five days prior to immunization. Daily feeding and management were the same as in the growth trial.
The results showed; weight gain, protein retention rate (PRR ), hepatopancrease weight, intestinal folds
hight, spleen index, blood hematocyte and leukocyte counts, serum lysozyme activity and serum antibody
level at 17 d and 24 d after vaccination against Aeromonas hydrophila decreasing significantly in fish fed
dietary hypervitaminosis vitamin A (158 773 IU-kg ') (P <0.05), feed conversion efficiency, vitamin A
contend in hepatopancrease increasing significantly were determined in fish feeding hypervitaminosis vitamin
A(P<0.05), but were not significantly different in survival rate, feed intake, head kidney weight, post
kidneyindex and serum antibody level at 0 d and 10d after vaccination against Aeromonas hydrophila between
five groups( P >0.05). Based on growth performance, feed utilization and immune response, it was toxic
to juvenile Jian carps when diet contained vitamin A 158 773 IU-kg .

Key words :juvenile Cyprinus carpio var. jian; vitamin A; growth performance; feed utilization; immune
responses
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BF(P>0.05) , ARG HEAER A 3969,
23 816,39 693,99 233 1158 773 IU-kg "' HIAELA
Tkt
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Tab.1 Ingredients and proximate composition of experimental diets

1A¥l4R 5 diet no.
1 2 3 4 5
BB (g-kg™!) ingredients
TH ¥; wheat flour 4.9992 4. 9952 4.9920 4. 9800 4. 9520
HEITTETIEF mineral premix * 5 5 5 5 5
B RTIREL vitamin premix ** 5 5 5 5 5
YR A BEBRER retinyl acetate 0. 0008 0. 0048 0. 0080 0. 0200 0. 0480
H'E others *** 985 985 985 985 985
FEEREIR(g-kg ™) proximate analysis
7K 43 moisture 74.4 68.7 70.8 74.4 68.7
HEH crude protein 350.2 350.2 350.2 350.2 350.2
B lipid 48.9 48.9 48.9 48.9 48.9
AR A(IU-kg~!) vitamin A 3 969 23 816 39 693 99 233 158 773

W+« BTRUEETLEMIBRF . FeSO, - 7TH,0 152. 00 g, CuSO, -5H,0 2. 40 g, ZnSO, - 7H,0 31.20 g, MnSO, -H,0 8.20 g,
Na,SeO, -5H,0 0.18 g,KI0.16 g,CaCO, 805.86 g; ** BT m4E R TIRRIE . Vp 480 000 IU,V;20.00 g ,V; 0.20 g,V 14.00 g, Vg,
0.10 g, Vg, 1.40 g, Vg 1.20 g, Vg1, 0.20 g, 72 ER5% 6.521 g, MHER 5. 60 g, 44K 0.20 g, JLEE88.00 g, T aiE; =+« BT mIARS
HE #8280 g, JOREB R 405 g,0-JEK 261.6 g, KEiH 18 g, BERR —A45 19 g, KALER L o, i H; 0.4 ¢

Notes; * mineralpremix contained(kg ~! diet) FeSO,-7H,0 152.00 g, CuSO, -5H,0 2.40 g, ZnSO, -7H,0 31.20 g, MnSO, -H,0
8.20 g, Na,Se0, -5H,00.18 g, KI10.16 g, CaCO, 805.86 g; #+ vitamin premix contained (kg ' diet) ; vitamin D, 480 000 IU, vitamin E
20.00 g, vitamin K 0.20 g, vitamin C 14.00 g, vitamin B, 0.10 g, vitamin B, 1. 40 g; vitamin B¢ 1. 20 g, vitamin B;, 0. 20 g, calcium
pantothenate 6. 521 g, niacin 5. 60 g; biotin 0.20 g, inositol 88. 00 g,wheat flour was used as the carrier; =+ % others(kg ! diet) ; fish meal
280 g; rice protein meal 405 g; a-starch 261.6 g; soya oil 18 g; calcium dihydrogen phosphate 19 g; choline chloride 1 g; ethoxyqin 0.4 g
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2.1 FAPEERAKEXGEEERKEEFER
RN pA

MFE 2 WA, R EK A R A ST
BHE SR R RS ELQTIRESG BEN
F (P <0.05) , X BERKERMARE (P >
0.05), kAR A BNk 39 693 IU-kg ™
HMBER BREURGFEANAREEST
HEAH(P <0.05) , HREZHHEZRABE (P >
0.05) ; 4Bl 2 A Bhnl 39 693 TU -kg ™' 4H
R B EET 158 773 IU-kg "4, B5HE
FHERABEP > 0.05) ; HRFHHEFA
B#E(P > 0.05),

R2 HREER A KEXNHRESE M FIER A AR
Tab.2 Effect of dietary vitamin A levels on growth performance and feed utilization of juvenile carp mean +SE

iH B4R E diet no.
item 1 3 4 5
FJE (g) initial body weight 11.05 +0.62 11.09 +0.52 11.27 +0.70 11.96 +0.60 11.06 +0. 51
& (g) final body weight 56.71 +4. 88 56. 38 +4. 68 66.48 +5.83 65.56 +6.43 54.73 +1.72
1 E(g-ind~') weight gain 45.66 £4.50° 45.39 +.32° 55.21 +.16% 53.37 +.87% 43.68 £1.23°
RIEZE(% ) survival 100.00 £0.00*  98.23 +1.53% 98.33 +2.89° 99.17 +1. 442 99.17 +1.44°
HEE(g-ind™') feed intake 70. 32 +4.16° 72.32 +1.67° 76.68 £2.52*  75.57+0.35®  75.10 £1.28%
TR % feed conversion rate 1.63 +0.12% 1.67 £0.12%® 1.48 £0.16" 1.56 +0.12% 1.73 £0.042
Y E B UTIR protein retention rate 21.12 +0.93° 21.74 +.56™ 26.20 +. 452 24.00+1.65%  21.59 +0.51%

E: A—FInEARTERRE BEFER (P <0.05); RIER(%) = (ERITHBH - LRI /KBIFTHEH x100;3¢E
=LA E - KWHERER - BRAR - BBRAE ANRY -REE/HE $EORIRE(%) = (ZRERNGES - TRIT

HERHAER) RABERE R x100

Notes; Values within the same column with different letters are significantly different( P <0.05) ; survival tate( % ) = ( final fish number) /
(initial fish number) x 100; weight gain( WG) =Final body weight — Initial body weight; feed intake(g-ind ') =total feed supplied — feed
waste; feed conversion rate( FCR) = feed intake/wet weight gain; protein retention rate( PRR,% ) = wet weight gain/protein fed x 100

2.2 ABBERAKENGEEREHEE
FRAEE AHA IR R FATER AE VA S ERIRIT

MR 3 AL R R A BRIKF B
SR A B PR R L TS E SO BRI 4R 2 K A
o 8 R TG I 5 B v B LA R L Y 41 4 2 L
BE(P<0.05) ;44 A HRINE R 158 773 IU -
kg ™ 4H 5 2 WA VR 4 B i A R i B A
JEIRBBER (P < 0.05), ATBRAEZEAR A )
H8 MR PHOAAREE, S M ERER B

#(P<0.05), HEMH4EERA B3 969 ~
39 693 IU-kg ™ Bt , BEE R EAE R A KF i3
0, BB AR B = R R AR B R LA R A I BB
W s SRR 4R R A KPR T 39 693 TU-
kg A BEE AR AR A KT R, BB B BE
JE V5 R 5 v LA R AR R W T A, T
B EEE R A B8 B HE A e
REE SRR R A K38 s hn.
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RI ABEER A KFEXNHBEREFER TRBELER A QRN KLAARYEFE(n=6)
Tab.3 Effects of dietary vitamin A levels on morphometry, hepatopancreas vitamin A content( HVA)

and haematology of juvenile Jian carp(n =6) mean + SE
WH 1A¥l4RS diet no.
item 1 2 3 4 5
AW EE(g-ecm~3) CF 2.87 £0.28% 2.76 £0.21° 2.80 £0.21% 2.94 +0.24% 2.88 £0.29%
JF &35 % HSI 5.98 +£0.99? 5.62 +1.23° 5.46 +0.89% 5.42 +1.12° 5.58 +0.99%
FFVAEE (IU-g') HVA  85.03 +7.94° 124.54 +7.942 160.29 +8.94° 264. 34 +20.61° 454. 95 +36.92°

982.00 +45.84°
576.20 £21.64°

RIRBEER (wm) FHA
JERHER (um ) FHP

JifA 353 SBI 210.69 £98.74*  195.04 £67.94%
JE B {A$5 % PKBI 0.53 £0.12° 0.58 £0. 12%
. -3
A4 (-mm®) 28541 +4029.32% 42208 +4720. 74°
leucocyte counts
. -3
ZL A1 (- mm ") 995000 +143561°
erythrocyte counts

1089. 80 +77. 39
591. 60 +103. 28"

1031666 214468 1193333 +116261°

862.80 +54. 644

537.60 +10. 67°

161.29 +34. 44"
0.60 +0.10®

1166.20 £92.07°

622.80 +73.33"

189. 09 +54.61%
0.62 +0.073%

1302. 40 +154.812

811.00 +112.63%

190.25 +71.84%
0.60 +0.101%

45916 +£3796.93% 33000 +£3820.99® 27208 +3038.98°

1077500 £9109% 1012500 +12723"

B F—FIRERRTFERREBEER (P <0.05) ; IEHE = (FE (g) 15K (cm®) x 100; fFkE = FFHRE (g) /MFE(g) x
100; MASE40( % ) = IRIEE B/ (K E x100; 5 BHAEH(%) =5 BER/HE x100

Notes; Values within the same column with different letters are significantly different( P <0.05) ; condition factor (CF) = whole body
weight( g) /body length® (cm® ) ; hepatopancreas somatic index( HSI, % ) =hepatopancreas weight( g)/body weight(g) x 100; FHA and FHP:
fold height of anterior and posterior intestines, respectively; spleen body index(SBI,% ) = spleen weight / body weight x 100% ; post kidney

body index ( PKBI) = post kidney weight/body weight x 100%

2.3 ANBERAKENYEEERRERR
edvg:ap Al

M4 TTa, mB 4L R AR 3 9609,
23 816 IU-kg ' I F )5 R IG R Ky 80% ; 4k
£ A 158 773 TU -kg " RIS 2N 90% ; fR Bl 44
% A 39 693199 233 IU-kg ' iSRS,
7 100% . [RlEY, 4E4E R A KPP EHBEE 1A
BERFZW(P<0.05), HEFHER AN
39693 IU-kg "HBHEE HBER THASY
(P <0.05) ; RYCHF B 442 A 2423 816 IU-
kg M BEETFHEE A KN 3 969,158 773 IU-

kg "4 (P <0.05), 5B h4EAEE A 99233 IU-
kg THERABE(P>0.05); B P gEAR A
99233 IU-kg ' A BEHBE TR LAEER A
3969.158 773 IU-kg " 4H (P <0.05) , 5k H 4
HEEA2816 IU-kg' HERFABE(P >
0.05) ; HRZAHERFABE(P>0.05), MH
BHEE N SFBEER A K FEBEN K
BIHX A (P <0.05) , HEHE&EN:y =2.01 x
10 ™M%* -1.87 x10 °x +3. 06 (R* =0. 423 0,P <
0.05) (y: PEBHME: pg-mL ™" 5o FEREA R A K
F:IU-kg ™)

R4 ABELER A KFXYEERERMNEFEEENRE(n=6)

Tab.4 Effects of dietary vitamin A levels on survival and lysozyme activity of Jian carp(n=6)

mean + SE

TR S HERH(ind) FET-FE$(ind) R ¥ (ind) BIEE(%) JAEEEE /1 (pg-mL ™)
diet no. challenge moribund survival survival rate lysozyme activity

1 10 2 8 80 1.69 +0. 32°

2 10 2 8 80 4.41 £0.62°

3 10 0 10 100 5.56 £0.70%

4 10 0 10 100 3.82 £0.50°

5 10 1 9 90 2.42 +0.40°

& : RS EA R PR E BEER (P <0.05)

Notes; Values within the same column with different letters are significantly different( P <0.05)

2.4 FABSEERAKEXNGEERRERRK
Ivd:up Al

MRS R, ARKF AR A X 17,
26 24 RYUHAKFA BE RN (P <0. 05) s Tt

% 0.10 RPLRKFEmMALE(P>0.05), 5
17 RPifhKF:39 693 IU-kg ' 4 BE B F HA
ZH(P<0.05); HREHRZRABE (P>
0.05), % 24 RHithk/KFE:39 693 IU-kg ' H B
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ZEETHAEE A K3 969,99 233 F1158 773 IU -
kg ' (P <0.05), 544 % A k23 816 IU -
kg HRIZRABE(P>0.05); 4K AN
23 816 IU-kg "4HBZEEF 3969 IU-kg "4, 5

HREFHZFABE(P>0.05); HREHREZ
FAEE(P>0.05), M5 0.5 10 RHLHAKF&
HAZFHYABZE(P>0.05),

RS AREER A KEXNMEHREKFHIRE(n=6)

Tab.5 Effects of dietary vitamin A levels on serum antibody level of juvenile carp(n=6) mean + SE
AR %5 0 R¥ulkokF AB, 5510 ReLAKT AByy B 17 RHHOKF AB);, 524 RILFKTF ABy,
diet no 0-day antibody level 10-day antibody level 17-day antibody level 24-day antibody level
) OD = 100 OD = 100 OD = 100 OD = 100
1 12.99 £2.06° 13.55 £1.25% 15.58 0. 45" 14.38 +0.68°
2 13.22 +1.40° 13.73 +1.61° 15.93 £0.57° 15.76 +0.58%

3 13.55+1.81°% 13.91 +0.72% 17.40 £1.07* 16.91 +0.83*
4 12.13 £1.21° 13.60 £0.27° 16. 00 +0. 46" 14.95 0. 29"
5 12.13 £0. 847 13.53 £0.63% 15.73 £0. 31" 14. 80 £0. 31

I FA—SFEARFHRNE BEER (P <0.05); AB:HiAKF; OD S E ;100 HH
Notes; Values within the same column with different letters are significantly different( P <0.05); AB: antibody level; OD; optical

density; 100 constant

3 g

3.1 APGER AKENSRBBERK TR
| AR ARGRAKLFENERE,BE
Bt R A K P ExT a2 K ds B
BHEAY . NFR2 T, YEBEER AN
3969 ~39 693 IU-kg i}, fE iR 4 AR A6 R ,
M4 E A &3 158 773 IU-kg it , 4t S
WHE P E(LTF39 693 IU-kg "4 (P <0.05) , JiHH
THEFREEEM EEYSERELER A KFIL
RFEEEHER, BEL —CTENELER A
(158 773 IU-kg ™) KM AF T AE K, B
B, R A S B KK HA IR
B, EEKESNMBEARE. PFEN SRk
FhAER A Bt BEAY 4
gt i e ™ A KR, TR, Hnag
BHBAR A FFAH T AR BT T 2 K4
SRR

3.2 ANgER A KEXNSRBRBF AR
M MFE2 LR E 158 773 IU-kg ' Hy 4B
AP EERTIARBERT 39 693 IU-kg ™
H(P<0.05), PLBAIAR 44 2 A 2 158 773
IU- kg ' R MM MR4 a2 A R R H R B A R
TIRE, WTFARmAELER A NEBARLUEE
HUTER RN ZE B K = sh 1t MR M HREE
Hilton 55 B3 : F /3 BI- S 4E 4 & A Jy 4 000,
2 704 000F1 8 104 000 IUokg'1 By 1] ok ) R b £
16 )G, RAM A FIE 1. 1.1.2 f11.90%;

VRS R A -SE N3 000 IU- kg ™' BfARE 8 &
G, B TARE R R YO 2. 22, AR A inE)
60 000 IU-kg ~' i}, fRIL R B 4 4. 55, fpBl 4k
HEAMN2400 IU-kg ' #2555 4 500 IU -kg ™
B, BE X AR B R WA A 1. 24
0.99"), AL R SR MIF™ MRS R
HH—F,
3.3 ARMEEE A KEXNYHEEGERSEE
ER: A

WA 45 5 7 40,158 773 TU -kg ™" 4R
oG B 4 B R AR BT 39 693 TU-kg ™!
ZH(P<0.05) , BLEARB il W4EE R A TE
R R IE S B =, BRI kR . HHIT, R
FREEER A X HEHERE S R 7R 88 L
RIWARE , X4 I8 85 4438 Fh ( Morone chrysops x M.
saxatilis ) BF5E . Rosales % B9 & B i B4
AR ABRIRENG AR ERSEAEN
(CRBPII) 454 B8 1 , AT RE AR & R B Z: 38 Fp Xef
FBEROA AR, 7EMESIY TR B AR
AR ABRMENEFERR 1 000 58, KEZE
AR E & A 23R, (5 1 16 0 1 5% PR I A AL
HREIBRBHOELES M WIEEHBERT
50% 1 15% %, WAE%EAEE A SHHEIIRER 1
BB TFRES AW R ERREETRGHEE,
BASHEMBA B,
3.4 AREERAKEXNSEERBFFIERN
gl BHEL SRR RIS TR
HEERY R HRA RS T,
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[Fof, REMRBRALE R A BB VAR
AP E BT E R h™ . R 6 T4, 158 773
IU- kg "4t & A UG RIS RMET 39 693
IU- kg "fEAEE A 4, JiBAER 158 773 TU-kg ™!
HAER A RRST BRI EIRICHIRE S, Shiau FI
Chen" i . i B e & A MRRTE 5 3 4F
RO BTE 28, (PR 3 000 TU-kg " 4B K A R BE
TIXTEFR BTG 2 1. 1% 44 R A 2 45 000
IU-kg ‘B, IE RN 55.6 % ™, irIE R TR
B4 000 TU-kg " 4EAE R A BFDRHITB85ET-%
1.0% ,8 104 000 TU -kg ‘4= 2 A BPBYFET-2R N
14.5% ",

AR R A RERST 88 1 5% HEhL
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H=, TR e 5 e 8 ) ok e KRR
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IU-kg " (P <0.05) , BiHAfARh i a4 & A
REARS AR R Ttk S B T R, DA T AR LR
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