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Tab 1 Ingredient and proximate analysis of experimental diets (% DW)
1* 2% 3 4* 5* 6"
60. 00 60. 00 60. 00 60.00 60. 00 60. 00
10.00 10. 00 10. 00 10. 00 10. 00 10.00
3.00 3.00 3.00 3.00 3.00 3.00
4.00 4.00 4.00 4.00 4.00 4.00
2.00 2.00 2.00 2.00 2. 00 2.00
12.50 12.497 12. 493 12.486 12. 472 12.43
(100% ) 2.50 2.50 2.50 2.50 2. 50 2.50
2.00 2.00 2.00 2.00 2. 00 2.00
(50% ) 1.00 1.00 1.00 1.00 1. 00 1.00
* 2.00 2.00 2.00 2.00 2. 00 2.00
" 1.00 1.00 1.00 1.00 1. 00 1.00
G2 0.00 0. 0035 0. 007 0.014 0. 028 0.07
(% DW) 52.71 52.04 52.27 52.48 52.51 52.76
(% DW) 13.43 13.35 13.02 13.34 13. 16 13.12
(% DW) 11.87 11.88 11.83 11.99 1. 04 11.30
* (kg ): MgS04, 157.5; MnSOs, 4; femic ctratel, 2; CuSO4, 0.2; ZnCh, 6 KI, 0.04;
NasSeO3, 0.012; NaCl, 188; KCl, 62.2; 570. 048
* ok (mg/ kg )+ thiamin HCI, 60; riboflavin, 200; folic acid, 15; pyridoxine HCL, 40; nicotinic

acid, 800; Ca pantothenate, 280; inositol, 400; biotin, 6.0; viamin E, 400; menadione, 40; cyanocobalamin (B12), 0. 1; retinal
acetate, 1.2; chelecalciferol, 0. 05

1.2 )
(2 1) , , ’ 2mm , - 18C
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0 35 70 140 280 700mg/ ke 3 2 (09: 00,
) 17:00), 3% ,
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, 2 , (ANOVA),
> R Duncan s
25—28 C, 6. 89— ( STATISTIC version 5.0), P < 0.05 R
7. 02mg/ L, 22 —26, 0. 51 — P <0.01
0. 63mg/ L 2
1.4 2.1 C
. 5
) 5 C
2 2 s C
C 105 C (P<0.05)),
; ( x C 0 70mg/ kg,
6. 25) ; C
) 70mg/ ke ,
(550°C) 24h \ C 700mg/ kg
C 2,4 ( , 70mg/ kg C
, 1994) ’
SGR= 100 (In - In TOmg/ kg C ,
)/ C
WG(%) = ( - ) % , C 0
100/ 70mg/ kg :
SR (%) = x 100/ ¢ ’
( P< 0.05) C
(%)= x 100/ (P <0.05),
(%)= x 100/ C C
=100x  (g)/ (a) , C 35mg/ ke
15 700mg/ kg,
“Fxcel for Windows”
2 C
Tab 2 Weight gain and suvival rate of E. coioides fed with graded viamin C enriched diet
C (mg/ ke) (8) (%) SGR (%)
0 9.98%0.16 48.52 3. 44° . 710, 05° 67. 50%2. 50°
35 9. 88%0. 13 80.91+6.91" .06£0.01" 72.50£2.50®
70 10. 10%0. 05 116.34£9.29¢ 3410, 13¢ 80. 00%5. 00"
140 9.98+0.23 97.66 £8.50™ .19%0. 17 77. 50£2. 50"
280 9. 88%0. 13 99.93 £7.90™ .23%0.06™ 82. 50%2.50"
700 9.95+0.22 93.65%2.08" 171012 80. 00£5.00"
: + (n=3), (Duncan . P<
0.05) 3 4 5
2.2 C ) C )
C140mg/ kg
3 s C C
(P<0.05), C ,
C_ (700mg/ke) ( P> 0.05)
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C
Tab 3 Condition factor, vierosomatic and hepatosomatic index of E. coioides fed with graded viamin C enriched diet
C (mg/ kg) (%) (%) (%)
0 1. 83 %0. 05 9.86%0. 89 3.57%0.43
35 2.46%0.29" 9.71%0. 57 3.43%0.30
70 2.65%0. 15" 9.36%0. 41 3.34%0.05
140 3.02 £0.28° 9.74%0. 95 3.31%0.08
280 2.86%0. 17" 9.43%1. 04 3.40%0.42
700 1.44%0. 19 9.15%0. 32 3.41%0.22
2.3 (P <0.05),
C 280mg/ kg
4 , C
C 35mg/ kg
(P> 0.05) C
4 C
Tab 4 Crude protein, crude lipid, moisture and ash composition of whole fish body of
E. coioides fed with graded vitamin C enriched diet
C (mg/ kg) (%) (%) (%) (%)
0 75.05%£2.27 62.65%3.47 16.21%2. 81" 19. 21£2.03
35 72.51£0.99 60. 57 £2. 07 20.26%2. 95° 18. 08%0. 94
70 73.17%0.51 61.70%1.68 17.89%0. 93" 17. 78%+1.28
140 73.93%2.36 63.74%4.87 19.09%0. 71 18. 72+ 1.43
280 74.92%1.87 64.71 5. 41 15.30%2. 10® 19. 25%2.56
700 76.03%1.35 64.6412.29 15.29% 1. 29 18. 88%0.85
73.86%1.08 65.95%1.42 13.45%0. 44* 18. 15%0.77
2.4 C ( P <0.05)
C C 5
C )
C 5, 5 C
) C
5 C
Tab. 5 Musde and liver ascorbic acid concentrations E. coioides fed with graded vitamin C enriched diet
C (mg/ kg) C (mg/ kg) C (mg/kg)
0 6.24%0.29 15. 20%0. 45*
35 8.31%+0.05% 20.92+1. 37
70 10. 65+0.15™ %.9%1. 35"
140 13. 2£0.28¢ 28.88+2. 13¢
280 16. 83£0. 17 31. 81, 7
700 21.4%0.19¢ 33,512, 69!
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3 C C
, ; Wang  (2003b)
G2 c
, C( 140mg/ kg ) C
, (Wang et al , 2003a),
C 70mg/ kg C
Merchie  (1996) Shiau )
(1999) Alexis  (1999) C
Wang ) )
(2003a, b) G2 G2 C C
C (parrot fish) , C
( Korean rockfish) , )
C , C
C )
C , C
; , (Wang et al , 2003a, b)
C , C
, ( Dabrowski et al , C ,
1988) C ,
C , C Shiau
0 (1992; 1995a, b; 1999) Alexis
C, (1999) Wang (20034,
C C b)
(Shiau et al , 1992; , 1996) ;
C C , ,
c ., C 0 C
(Shiau et al , 1995a, b; Wang e al , 2003a, b) , ,
C , C
) C 70mg/ kg( G2 )
C (Wit
son et al , 1989) G2
(Miyasaki et al , 192), ) )
, G2 1994. . : , 285—
(Sato et al , 1991) 294
ca C o . 19%.
c (Shiau c . , 27(4): 368—372
et al. 1995a, b 1999) ( Wang et al . [Wang AL, Mu X Q, Ling L Y, 1996. Study on optimum

supplemert of viamin C in formulated diet for Chinese
prawn Penaeus chinensis. Oceanologia et Limnologia Sint
ca, 27(4): 368—372]
, 1996. C
, 5(4): 240—245 [Wang D Z,
Leng X J, 1996. A study on the requirement of vitamin C

for allogynogenetic. crucian carp. , Joumal of Shanghai
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Fisheries University, 5(4): 240 —245]
, 2002.

C . >
26(4): 351—356 [ Song X H, Cai CF, Pan X F et al,

’ ’

2002. Determining the vitamin C requirement of allogyno-
genetic silver crucian carp with growth and nor specific in+
munity. Joumal of Fiheries of China, 26(4): 351—356]
, 1995. , 365—
367
, 2000. C

, 19(1):
58 =63 [Qin QW, WuZH, ZhouY C et al, 2000. Noa-

l 9

specfic immunomodulatory effects of dietary vitamin C on
grouper Epinephelus avoara. Tropic Oceanology, 19( 1):
58 —63]

Alexis M N, Nengas I, Fountoulaki E et al, 1999. Tissue
ascotbic acid levels in European sea bass ( Dicentrarchus
labrax ) and gilthead sea bream (Sparus aurata L. ) finger
lings fed diets containing different forms of ascoibic acid.
Aquaculure, 179: 447—456

Chen HY, TsaiJ C, 1994. Optimal dietary protein level for the
growth of juvenile grouper, Epinephelus malabaricus, fed
semipurified diets. Aquacultrue 119, 265—271

Dabrowski K, Hinterleiner S, Sturmbauer C, 1988. Do corp
larvae require viamin C. Aquaculture, 72: 295—306

EtfDakour S, George K A, 1982. Growth of hamoor
( Epine helus tawvina) fed on different protein: energy ra
tios. Kuwai Institute of Scientific Research Annual Re-
search Report ( 1981) , 75—77

LiY, Lovell RT, 1985. Elevated levels of dietary ascorbic acid
increase immuneresponses in chamnel catfish. ] Nutr,
115(1) : 123—131

Merchie G, Lavens P, Dhert P et al, 1996. Dietary ascorbic
acid requirements during the hatchery production of turbot
larvae. J Fish Biology, 49: 573—583

Millamena, Oseni M, 2002. Replacement of fish meal by animal
by-product meals in a practical diet for grow-out culture of
grouper Epinephelus coloides. Aquaculture, 204: 75—84

MiyasakiT, Sato M, Yoshinaka R et al , 1992. Conversion of
ascoibyt 2 phosphate to ascorbic acid in rainbow trout. Nip-
pon Suisan Gakkaishi, 58: 2101 —2104

Sato M, Hatano Y, Yoshinaka R, 1991. I=ascorby}2-sulfate as
a dietary vitamin C source for rainbow trout Oncorhynchus
mykiss. Nippon Suisan Gakkashi, 57: 717—721

Serrano A E, Apines M J, 1996. Effect of dietary protein and

energy on growth, potein utilization and body compoesiion
of juvenile grouper ( Epinephelus coioides ). Philipp J Aquat
Sei, 1: 159—170

Shiau S Y, Jan F L, 1992. Dietary ascoibic acid requirement of
juvenile tilapia Oreochromis miloticus < O.  aureus.
Fisheries Sci, 58: 671—675

ShiauS Y, HsuT S, 1995a. kascorbyt 2 sulfate has equal ant+
scotbutic activity as I ascorbyt 2 monophosphate for tilapia
Oreochromis niloticus x  O.
147—157

Shiau S Y, Hsu T S, 1995b. Tissue storage of ascorbic acid in

aureus. Aquaculture, 133:

tilapia Oreochromis niloticus X O. aweus fed l=ascorbic
acid, [-ascobyt2-sulfate or I ascorby}l2-monophosphate.
Fisheries Sci, 61: 1043—1044

Shiau SY, HsuT S, 1999. Quantification of vitamin C require-
ment for juvenile hybrid tilapia, Oreochromis niloticus %
Oreoclromis aureus, with I+ ascotbyl2-monophosphate- Na
and I=ascorbyt 2 monophosphate Mg.  Aquaculture, 175:
317—326

Teng SK, ChuaT E, Lim P E, 1977. Preliminary Observation
on the Dietary Protein Requirement of Estuary Gmouper,
Epinehelus tawina ( Forsskal) Cultured in Floating Net
Cages. In: Divina M, Zamora V ed. Grouper Absiract,
1987. Brackish Water Aquaculture Information System,
SEAFDEC. Philippines, 60

Teng S K, 1978. Preliminary observation on the dietary protein
requirement of eatuaty grouper, E. salmanides, cultured in
floating net. Lages Aonaculture, 15: 257 —271

Wang X J, Kim K W, BaiS C et al, 2003a. Effects of the dif
ferent levels of dietary vitamin C on growth and tissue asco
bic acid changes in parrot fish ( Oplegnahus fasciaius ) .
Aquaculture, 215: 203—211

Wang X J, Kim KW, Bai S C, 2003b. Comparison of = ascox
by}2-monophosphate- Ca with I as corby} 2 monophosph ate-
Na/Ca on growth and tissue ascorbic acid concentration in
Korean wckfish (Sebastes schlegeli). Aquaculture, 225:
387—395

Wilson R P, Poe W E, Robinson E H, 1989. Evaluation of I+
ascorby} 2 polyphosphate as a dietary ascorbic acid for
channel catfsh. Aquaculure, 81: 129—136

Wongsomnuk S, Parnichsuka P, Danayadol Y, 1978. Exper+
ment on nursing of grouper, Epineghelus tawina (Forsskal)
with various mixed feeds. Annual Repoit of Songkhla Sta
tion Department of Fiheries, 97—102



158 36

EFFECT OF THE DIFFERENT LEVELS OF DIETARY VITAMIN C ON
GROWTH AND TISSUE ASCORBIC ACID CONCENTRATIONS IN JUVENILE
GROUPER EPINEPHELUS COIOIDES

ZHOU Q+Cun, LIU Yong Jian', MAI Kang-Sen™, TIAN L+Xia
( School ¢ Life Science, Zhongshan University, Guangzhou, 510275;
Fisheries College, Ocean Unversity  Zharjiang, Zharjiang, 524025)
“( School o Life Science, Zhongshan University, Guangzhou, 510275)
" (School of L e Science, Zhongshan Unwersity, Guangzhou, 510275;
Fishaies College, Ocean University ¢ China, (Jingdao, 266003)

Abstract A singlefador experiment was conduded to study the effects of dietary vitanin C (Irascorbyt 2
monophosphate) on growth of juvenile grouper ( Epinephelus coioides ), body distribution of ascorbic acid concen
trations, histopathological changes and main body camposition of whole body. Six ise-nitrogenous and ise- energetic
diets in the levels of 0, 35, 70, 140, 280 and 700mg/ kg I+ ascorby} 2 monophosphate were fed twice daily (09: 00,
17: 00) . Triplicated groups of 20 with initial weight of about 10g were fed with the diets in the levels for 8 weeks.
The experiment was done in floaing ne cages (1. 5m X% 1. Om X 2. Om). Results indicated that after 8 weeks of the
feeding trial, weight gain ( WG ), specific growth ratio ( SGR ) and survival rate ( SR ) of the fish fed with the
control diet ( E aswrbyl2-monophosphate ussupplemented diet) were significantly lower than those with vitamin C
emriched diets. WG , SGR and SR were the highest in the fish fed in 70mg/ kg level. However, with increase of die-
tary vitanin C supplemented levels from O to 70mg/ kg, the WG and SGR increased significantly; but with increase of
dietary vitamin C from 70 to 700mg/ kg, the WG and SGR deaeased slightly. No significant change in SR was found
in the vitamin C enriched groups but the SR were higher than the ur-supplemented vitamin C group. In addition, no
significant differences for viserosomatic index and condition factor were shown between different groups. But it is clear
that the hepatosomatic index was affected by emriched vitamin C diets, for example, the ur-supplemented vitamin C
group and the group in 700mg/ kg level were significantly lower than other groups. Moisture, proten and ash concen-
tration in whole body of juvenile grouper were not affected by the supplemental levels of dietary vitamin C; but the
lipid concentra ion in the juvenile grouper increased significantly while vitamin C food enrichment from 0 to 35mg/ ke,
while with the increase of vitamin C supplemented level in die was upper to 70mg/ kg, the lipid concentration de-
creased significantly. For changes in ascorbic acid concentrations in the grouper muscle and liver, clear increases
were found with the vitamin C enrichment. For instance, the ascorbic acid cncentrations with no vitamin C enriched
were the lowest among all, with the increase of vitamin C supplemented level in diet, the ascorbic acid concentrations
increased significantly. Mearwhile, the ascorbic acid concentrations in liver were higher than in muscl€ s levels which
were in a same supplemented level. Based on the WG and SGR of juvenile grouper, it is proposed that the optimal
vitamin C enrichment in the form of E ascorbyt 2-monophosphate for juvenile grouper growth is about 70mg/ kg.

Key words Vitamin C ( Eascorby} 22monophosphate), Grouper ( Epinephelus coioides ), Growth, Tissue

ascorbic acid cmncentrations



