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Tab.1 Formulation and nutrient compositions of the experimental diets

215 groups

DO D38 D76 D152 D304
J2KH/% ingredient

£l fish meal 45 45 45 45 45
BT casein 18 18 18 18 18
Ve starch 5 5 5 5 5
o-JEH  a-starch 12 12 12 12 12
WA YE#E  microcrystalline celulose 9.15 9.1462 9.1424 9.1348 9.1196
i fish oil 6 6 6 6 6
ZALJHAE  choline chloride 0.5 0.5 0.5 0.5 0.5
A FETREHEYEA2C)  vitamin mixture (without VC)' 2 2 2 2 2
SEU Y mineral mixture 1 1 1 1 1
#eAFC  vitamin C 0 0.0038 0.0076 0.0152 0.0304
R 25 Ca (HyPO,), 0.3 0.3 0.3 0.3 0.3
FISEIE  betaine 0.5 0.5 0.5 0.5 0.5
U ALH  antioxidant 0.05 0.05 0.05 0.05 0.05
K47 binde 0.5 0.5 0.5 0.5 0.5
it 100 100 100 100 100
HIRMHAR/% nutrient composition

HEA  crude protein 47.81 47.58 47.86 47.38 47.51
FMEWT  crude lipid 9.03 9.11 9.24 9.18 9.07
FIHK 4y crude ash 10.04 10.14 9.95 9.98 9.89
MAEEL/(kJ/g) gross energy 20.58 20.58 20.3 20.6 20.58

e iR E TR R (mekebikh: iR FRA, 38 o-FHEY, 210.0; 4E4E#ED; 13.2; Filliz, 115.0; %%, 380.0; hERIMLILEE, 88.0; 72
1%, 368.0; ML, 1030.0; EWE, 10.0; MR, 200, 4EEEB;,, 1.3; JLEE, 4000.0;

YEATYR (mg/kg iR : MgS04-7TH,0, 3568.0, 3020.5; KAl (SO,),, 8.3; CoCly, 28.0; ZnSO,-7H,O, 353.0; CuSO,-5H,0, 9.0; KI,
7.0; MnSO,44H,0, 63.1; Na,SeO;, 1.5; C4H;0,Fe-5H,0, 1533.0,; NaCl, 100.0; NaF, 4.0; NaH,PO,2H,0O, 25 568.0; Ca-lactate, 15
968.0

Notes: “One kilogram of vitamin premix contained the following: retinol acetate 38.0, alpha-tocopherol 210.0, cholecalciferol 13.2, thiamin 115.0,
riboflavin 380.0, pyridoxine HCI 88.0, pantothenic acid 368.0, niacin acid 1030.0, biotin 10.0, folic acid 20.0, vitamin B,1.3, inositol 4000.0

°One kilogram of mineral premix contained the following: MgSO,-7H,0 3568.0, KCI 3020.5, KAl (SO,), 8.3, CoCl, 28.0, ZnSO,-7H,0 353.0,
CuS0,4-5H,0 9.0, KI 7.0, MnSO,4-4H,0 63.1, Na,SeO; 1.5, C¢Hs0,Fe-5H,0 1533.0, NaCl 100.0, NaF 4.0, NaH,PO,-2H,0 25 568.0, Ca-lactate 15
963.0

D381 WG % #% TD152, D30441(P<0.05), 15 ¥ CRFWKJEAED3I04LL L S I i (HF W 2575 T
DORIDT621 T i % 2 5 (P>0.05). WIULAL; D304% 2 PR U8 BLR CREFREE 2
. . N . N EA\ E P . 2 o
22 EEECHBMEEMETBRERER L0
o N {m P Ay, 1" 1 E -

& HPIAH S R ESE M A0 IR 1E .
REGE R RIELE B R (P>005). ARG, M3ACTH
SUPEARIR BB T, R P CRFWCEE 130~ RUF a3, fED3044L 5B RAL(H0.38 ng/L,
138 ng/L, #HAZMLREEF(P>0.05), S FICF H A 4 (P<0.05); P4 2 10 JC 2 3% 2
WS 4 4ICRFIKE SRMATAREL, 4 LTF 5:(P>0.05). 4 41ILil ACTHYE BE RO I 6 0
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dietary vitamin C levels
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Fig. 1 Effects of dietary supplementation VC on
growth of juvenile hybrid grouper

The values with different capita Ls and lowercases are significantly
different among different groups treated with acute low temperature

stress (P<0.05), the same bellow
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Fig. 2 Effects of dietary supplementation VC on
CREF content of juvenile hybrid grouper

Significant differences (P<0.05) between values obtained before and
after stress are marked by asterisks in paired-samples -tests, the same

bellow

F 22 5(P>0.05)(K13).

MR Wi mr, RS TR 2R 2 COKOE 1Y
imemmﬁﬁ%ﬁﬁﬁ,@%ﬁzmﬁi%
25 5(P>0.05)(K14), 2MEGIRIMNAJS , EPIK BEFE
D3044H & 3 K F Hif PU 4 (P<0.05), DO~D15241 2
8] TG {8 3 25 57 (P>0.05) . 45 20 1ML 7 EPTIR J3 17 384 iy
J& TC . 3 25 5 (P>0.05),,

FE 2 PRI a2 m, RS TR AR Z K
SR G, LI R RS B A O R RS T AR
e, TED30AH AR RARME , 254 Z W JC o & 1
22 5(P>0.05)(E15), 2 PEARIEMNAEZ S, ILTE K
J PR T R, 7ED3044] 8 B e I B

dietary vitamin C levels
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Fig. 3 Effects of dietary supplementation VC on
ACTH content of juvenile hybrid grouper
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concentration of EPI
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BLk B BANEEPLRE NN
Fig. 4 Effects of dietary supplementation VC on
EPI content of juvenile hybrid grouper
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Fig. 5 Effects of dietary supplementation VC on

cortisol content of juvenile hybrid grouper

K TR PU4H (P<0.05); D76FID1524H 2 [A] TG it
FH2XEF(P>0.05), HHEEI TDOMD3I8H
(P<0.05); DOFID384 Kz Jot it e i 1o i f 1) k25
155 T W I (P<0.05).
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3 5 T DO (P<0.05), i —4H 2 [F JC i 3% 2 5%
(P>0.05)(I¥l6), 2PEMRIRIMNE Z )5, & 4R T3H
BEAR ARG T — 3, & T, FED304
HIkFN M, D38~D30441 T3k J¥ i 35 & T DO
(P<0.05). 4% 4137 T3ue B2 N AT 5 T i % 2 =
(P>0.05).

25 2R [) i T4V B 78 2 AR IR W 38 22 /i 8
i %2 % (P>0.05); S IREME Z )5, [T
TAR 2 TPRURA, B EZERP>005), {H7ED304
M FET e, S %S W (P<0.05), 54
L7 T4 B N AT 5 TG . 25 25 5% (P>0.05) (B17)

TRk v S T 4k A= R O B2 B e I A B4 £ i
BRI MR A B W
Ak ZCKF RN, TSHME 256 TG T R
ks, fED764 ik B i A B % & T DO
D38F1D3044H (P<0.05), 5DI5241 Ll & % %
(P>0.05)(KI8), A MEMNIEIIA Z 5, & 410H i
TSH¥ JF & ETH#a#, D38~D3044 i & & T
DO%H (P<0.05), D38~D30441 [ JG L & % H
(P>0.05), 2MANEMEZ IS, FATSHIKEY

BE =1 %Kj/%ﬁ Hij (P<0.05).
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Fig. 6 Effects of dietary supplementation VC on

T3 content of juvenile hybrid grouper
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Fig. 7 Effects of dietary supplementation VC on

T4 content of juvenile hybrid grouper
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Fig. 8 Effects of dietary supplementation VC on
TSH content of juvenile hybrid grouper
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Fig. 9 Effects of dietary supplementation VC on
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Fig. 10 Effects of dietary supplementation VC on
HK content of juvenile hybrid grouper
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concentration of PEPC
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Fig. 11 Effects of dietary supplementation VC on
PEPCK content of juvenile hybrid grouper
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Effects of dietary vitamin C supplementation on hypothalamic-pituitary-

interrenal axis and physiological indices of juvenile hybrid grouper

Epinephelus lanceolatud x Epinephelus fuscoguttatus?

under acute low temperature stress
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Abstract: A trial was conducted to determine the effects of dietary Vitamin C levels on hypothalamic-pituitary-

interrenal axis and physiological indices of juvenile hybrid grouper (Epinephelus lanceolatud xEpinephelus

fuscoguttatus}) under acute low temperature stress. A basal diet was used as a control, and four other diets were

prepared by supplementing 38, 76, 152, or 304 mg/kg vitamin C. Triplicate groups of fish (initial body weight, 50
g) were fed one of test diets at ratio of 1.5% or 2% body weight for 12 weeks at 27-28 °C. Uniform sizes of fish

were selected for acute low temperature stress (17 °C) at the end of rearing management. Some biochemical

indices in their serum and corticotrophin-releasing factor content of brain were examined over 2 hours. Results
showed that: Weight gain of the fish fed with D38 group was significantly higher than that of D152 and D304

groups. We found no significant difference in corticotropin releasing factor content (CRF), adrenocorticotropic
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hormone content (ACTH), epinephrine content (EPI) or cortisol content in juvenile hybrid grouper, among all
treatment groups. After acute low temperature stress, CRF content was increased by increasing dietary vitamin C
levels. While ACTH and EPI content in serum showed a reverse trend, fish fed diets with vitamin C 304 mg/kg
was significantly lower than control diet. Cortisol was reduced significantly in fish fed diets 76 mg/kg to 304
mg/kg diets compared to control diet. Fish fed diets 152 mg/kg to 304 mg/kg dites T3 content were significantly
higher than control diet. Whereas, after acute low temperature stress, fish fed diets 38 mg/kg to 304 mg/kg were
significantly higher than control diet. There was no significant difference in T4 content in fish among different
treatments. Fish fed diet 304 mg/kg diet showed significantly higher than other groups, whereas no difference was
found among group DO to D152. TSH content in D76 group exhibited obviously higher than D0, D38 or D304
groups. After acute low temperature stress, all diets containing vitamin C significantly elevated TSH content in
serum. Dietary vitamin C levels had no strong effects on GCK and HK contents of liver. After acute low
temperature stress, GCK content was negatively correlated with dietay vitamin C, and reached lowest value in 304
mg/kg diet, and was significantly lower than other groups. HK content reached lowest value in 76 mg/kg diet, and
was significantly lower than DO, D152, D304 groups. Significantly higher PEPCK value was found in fish fed 304
mg/kg vitamin C compared to 0 mg/kg diet. After acute low temperature stress, PEPCK concentration was
decreased significantly with increasing dietary vitamin C levels. All those data reveal new insights into the funtion
of vitamin C that VC can modulate some biochemical indices of hypothalamic-pituitary-interrenal axis, protect and
regulate the thyroid of fish, and maintain the dynamic balance of fish body under acute low temperature stress.
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