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Abstract 

Growth and feed efficiency were determined in red snapper, Lutjanus 

argentimaculatus (Forsskal 1775), fed diets containing L-ascorbyl-2-

monophosphate-Mg (AMP). Fish (13.39±0.08 g) were fed a practical diet 

without vitamin C supplement for four weeks then stocked in twelve 650-l 

tanks at 30 fish/tank and fed one of four practical diets containing AMP at 0, 

60, 180, or 540 mg/kg dry diet for 17 weeks. Survival rates in all treatments 

were similar (88.9-98.9%). Fish fed the 0 or 540 ppm diets had inferior final 

average weights, protein efficiency ratios, and feed conversion ratios than fish 

fed the 60 or 80 ppm diets (p<0.05). Growth of fish fed the 0 or 540 ppm 

diets slowed down on day 60 and fish fed the AMP-free diet exhibited clinical 

signs of vitamin C deficiency with a soft body and a significantly high 

(p<0.05) hepatosomatic index. Ascorbic acid in brain and liver tissues rose 

with the level of dietary AMP. Fish fed the 540 ppm diet had significantly 

lower hematocrit (p<0.05) than fish fed the 60 or 180 ppm diets. Histological 

analysis of the liver and kidney of fish fed the 180 and 540 ppm diets showed 

changes indicative of possible toxic effects. Based on growth, feed efficiency, 

tissue histology, and hematocrit level, AMP at 540 ppm is toxic to snapper. 

Thus, supplementation of 60 ppm AMP or its equivalent 26 ppm ascorbic acid 

in practical diets for red snapper promotes optimum growth and feed 

efficiency and prevents vitamin C deficiency symptoms. 
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Introduction 

The Indo-West Pacific red snapper (Lutjanus argentimaculatus Forsskal 1775) is a 

popular species for culture. Thus, reports are available on red snapper reproduction in 

captivity (Leu et al., 2003; Ibara-Castro and Lajonchere, 2009), maturation and seed 

production using natural food organisms (Duray et al., 1996), dietary crude protein 

requirement (44%) and protein to energy ratio (23.3 mg protein/kJ) for grow-out size 

snapper (Catacutan et al., 2001), and the optimum inclusion level of defatted soybean 

meal (24%) in the snapper diet (Catacutan and Pagador, 2004). These are important 

factors in developing formulated red snapper feed that is more convenient and practical 

to use than trash fish. The efficiency of formulated artificial feeds can be enhanced by 

cost-effective supplements of essential micronutrients. 

 Labile vitamin C is an important micronutrient. L-ascorbyl-2-monophosphate-Mg 

(AMP), a stable phosphate derivative of vitamin C that remains stable during feed 

manufacture, meets the vitamin C requirements of seabass Lates calcarifer 

(Phromkunthong et al., 1997), grouper Epinephelus malabaricus (Lin and Shiau, 2005), 

and ayu fish (Plecoglossus altivelis; Xie and Niu, 2006). Our study was designed to 

investigate growth and feed efficiency, examine changes in kidney and liver histology, 

and determine the vitamin C content in the brain and kidney in mangrove red snapper 

fed practical feed ingredients supplemented with different levels of AMP. 

   

Materials and Methods 

Fish. Red snapper (Lutjanus argentimaculatus) fry were obtained from the SEAFDEC/AQD 

hatchery in Tigbauan, Iloilo, Philippines, and reared in 650-l fiberglass tanks with aerated 

sand-gravel filtered sea water (salinity 32 g/l, flow rate 1-2 l/min). Fry were fed Artemia 

for two weeks and gradually weaned during three weeks until they were able to subsist 

solely on a dry pelleted maintenance diet (45% protein). 

 Diets. Four experimental diets were formulated from a basal diet (45.4% crude 

protein; 18 MJ/kg dry diet) and graded levels 

of L-ascorbyl-2-monophosphate-Mg (AMP; 

93% purity, Showa Denko K.K., Japan) at 0, 

60, 180, and 540 mg/kg dry diet (Table 1). 

Respective estimated equivalents of ascorbic 

acid were 0, 26, 77.6, and 232.8 mg/kg dry 

diet. The AMP was first mixed carefully with a 

small quantity of the dry ingredient mixture, 

which was gradually increased before pouring 

in the rest of the ingredients. Diets were 

prepared as described by Catacutan et al. 

(2001), but the dough-like mixture was 

extruded (Kitchen Aid, USA) twice, initially 

using a 2-mm die, and the strands were 

manually broken into 4-6 mm lengths. As the 

fish size increased, the die diameter was 

increased to 5 mm and strands were broken 

into 8-12 mm lengths. Diets were oven dried 

at 70°C for 2-3 h and stored at 15-18°C. 

There were 4-5 batches of feed preparation 

throughout the study. The proximate 

compositions of the diets were analyzed 

according to AOAC (2000). In a preliminary 

experiment with 100 mg AMP/kg dry diet, 

practical test diets were steamed for 5 min in 

the laboratory and oven-dried; the diets 

retained 95% of the AMP after a month of 

storage at room temperature (28-32°C). 

 

 

    Table 1. Composition (g/kg dry diet) of test 
diets*. 
 

 AMP content (mg/kg diet) 

Ingredient   0     60    180      540 
Peruvian fishmeal 450 450 450 450 

Acetes sp. 70 70 70 70 

Squid meal 50 50 50 50 

Defatted soybean meal 80 80 80 80 

Breadflour 200 200 200 200 

Cod liver oil 38 38 38 38 

Soybean lecithin 5 5 5 5 

Vitamin mix 1 15 15 15 15 

Mineral mix 2 20 20 20 20 

Dicalphos 3 5 5 5 5 

AMP 4 0 0.06 0.18 0.54 

Rice bran 67 66.94 66.82 66.46 

* Moisture averaged 4.4%. On a dry matter basis, 
crude protein = 45.4%, crude fat = 9.3%, crude 
fiber = 1.7%, ash = 13.8%, nitrogen free extract = 
29.8%. 
1 mg/kg dry diet: beta-carotene 6, cholecalciferol 3, 
DL-alphatocopherol 200, menadione 33, para-
aminobenzoic acid 200, biotin 3, Ca-pantothenate 
140, choline chloride 4000, cyanocobalamin 0.045, 

folic acid 0.75, inositol 2000, niacin 400, pyridoxine  
20, riboflavin 100, thiamin 30, celufil 7864.205 
2 g/kg dry diet: K2HPO4 5.0, KCl 2.5, NaH2PO4.2H2O 
7.5, Ca (H2PO4)2.H2O 5.0 
3 Contains 18% P, 22% Ca, 1% F (product leaflet) 
4 L-ascorbyl-2-monophosphate-Mg 
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 Growth experiment. Weaned red snapper (13.39±0.08 g) that had been fed a 

maintenance diet without vitamin C supplement for four weeks were randomly distributed 

into twelve 650-l fiberglass tanks at 30 fish/tank. Fish in each tank were weighed in bulk 

every 20 days to adjust the feeding rate (4-6% of body weight per day). Before 

weighing, fish were anesthetized with 100-200 ppm MS-222 (Sigma Chemical Co., St. 

Louis, MO). Feed was given twice daily at 09:00 and 16:30. Average weight, survival, 

specific growth rate (SGR), protein efficiency ratio (PER), feed conversion ratio (FCR), 

and hepatosomatic index (HSI) were determined after 17 weeks of feeding. 

 Vitamin C analysis. Ascorbic acid levels in the liver and brain at the end of the 17-

week experimental feeding were analyzed by HPLC using a reversed-phase column (C 18, 

4.6 mm x 250 mm) following the methods of Koshio et al. (1997) and Sakakura et al. 

(1998). The HPLC system (Japan) consisted of a column oven (Shimadzu CTO-6A, at 

40°C), detector (Shimadzu SPD-6AV, UV 257 nm), pump (Shimadzu LC-9A), and 

chromatopak (Shimadzu C-R4A). 

 Hematocrit level determination. Hematocrit was determined at the end of the feeding 

study by the microhematocrit analytical method of Hesser (1960). Blood was withdrawn 

from the caudal artery (three fish from each treatment) into heparinized capillary tubes 

and centrifuged at 11,500 rpm for 5 min at room temperature (about 25°C). 

 Histopathological procedures. Liver, kidney, and muscle dissected from five fish at the 

start of the study and three fish from each treatment (one per replicate) at the end of 

feeding were fixed in Bouin’s solution for 24 h. Samples were embedded in paraffin, 

sectioned (4-5 um), and stained with hematoxylin and eosin (Humason, 1972). Sections 
were examined under a light microscope. 

 Statistical analysis. Data were analyzed using analysis of variance and Duncan’s 

multiple range test in the SAS package for IBM-PC (SAS, 1988). Means were compared 

and differences between treatments were considered significant when p<0.05. 

 

Results 

The average body weight of the red snapper increased about six times after 17 weeks of 

feeding (Fig. 1). Growth rates were similar up to day 40, but started to slow down on day 

60 in fish fed the AMP-free and 540 ppm diets. By the end of feeding, the average final 

weights of fish fed these treatments were significantly lower than those of fish fed the 60 

or 180 ppm diets. All fish fed the AMP-free diet were sluggish and had soft bodies and 

eroded hemorrhagic fins that were not observed in fish fed AMP-supplemented diets. 

Most fish in this treatment were scoliotic and some had bulging eyes. 

       The final weights and SGR of red snapper fed 

the 60 or 180 ppm diet were significantly higher 

than those of snapper fed the 0 or 540 ppm diets 

(Table 2). Survival was lowest in fish fed the 

control, although there were no significant 

differences among treatments. The PER and FCR 

were better in red snapper fed the 60 ppm diet 

than in the control, and there were no further 

improvements in fish fed a higher dietary level of 

AMP. The HSI was significantly highest in fish fed 

the control while blood hematocrit was 

significantly highest in fish fed the 60 and 180 

ppm diets. Ascorbic acid in the brain and liver 

increased as the dietary level of AMP increased. 

For each dietary treatment, the brain tissue had 

about three times more ascorbic acid than the 

liver tissue. Ascorbic acid levels in the brain and 

liver of fish fed the 60 ppm diet were 

significantly higher than in fish fed the control, 

but there was no significant increase when the 

level was raised to 180 ppm. 

 
     Day 

    Fig. 1. Average body weight of red 
snapper (Lutjanus argentimaculatus) fed 
diets containing different levels of L-
ascorbyl-2-monophosphate-Mg (AMP) for 

17 weeks. 
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 Histological analysis of the kidney and liver showed normal cellular structures at the 

start of the feeding (Fig. 2). At the end of feeding, the kidney of fish fed the 540 ppm 

diet had extensive degeneration of the renal tubules and the intertubular tissues had 

    Table 2. Growth, survival, feed efficiency, blood parameters, and ascorbic acid level in liver and 
brain tissues of red snapper (Lutjanus argentimaculatus) after 17 weeks of feeding diets with 
different levels of L-ascorbyl-2-monophosphate-Mg (AMP). 
 

 AMP content (mg/kg diet) 

                0                60               180                540 

Initial wt (g) 13.35±0.08 13.43±0.10 13.39±0.06 13.38±0.09 

Final wt (g) 77.8±2.0b 89.9±4.9a 90.7±2.7a 76.6±4.4b 

SGR (%/day)2 1.47±0.02bc 1.58±0.04ab 1.60±0.02a 1.45±0.05c 

Survival (%)1 88.9±6.8 97.8±2.2 97.8±2.2 98.9±1.1 

PER3 0.58±0.02b 0.65±0.01a 0.66±0.01a 0.58±0.02b 

FCR4 3.60±0.14a 3.21±0.04b 3.19±0.04b 3.62±0.10a 

HSI (%)5 1.67±0.08a 1.41±0.05b 1.31±0.05b 1.37±0.05b 

Hematocrit (%) 45.01±5.32ab 55.48±5.82a 57.69±2.35a 33.44±4.74b 

Ascorbic acid level (ug/g of wet tissue) 

Liver 30.4±2.3a 55.4±0.1b 81.7±7.3bc 105.4±12.5c 

Brain 111.0±11.7a 237.4±3.2b 261.2±5.1b 337.4±17.8c 

Means in a row with different superscripts significantly differ (p<0.05). 
1 Survival (%) =100 x (final no. of fish/initial no. fish) 
2 Specific growth rate (%/day) = 100 x (ln avg final wt - ln avg initial wt)/no. days 
3 Protein efficiency ratio = wt gain (g)/protein fed (g) 
4 Feed conversion ratio = dry wt feed (g)/wet wt gain (g) 
5 Hepatosomatic index = 100 (liver wt/fish body wt) 
  

a b 

  

c d 

  
   
    Fig. 2. Normal cellular structures in the (a) kidney and (b) liver at the start of feeding (arrow 
shows hepatocyte with central round nucleus. After 17 weeks of feeding, (c) extensive 
degeneration and necrotic changes in the renal tubules with hemosiderin (arrow) in the kidney of 

snapper fed the 540 ppm diet and (d) extensive vacuolation (arrow) and necrosis of the 
hepatocytes in liver of snapper fed the 180 ppm diet (H&E).  
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extensive pigment deposits. The livers and intertubular tissues of fish fed the control and 

60 ppm diets had slight vacuolation of the hepatocytes, but fish fed the 180 and 540 

ppm diets had severe necrosis, extensive vacuolation, and cloudy swelling in their 

hepatocytes. No changes in the cellular structure of the muscle tissues were noted. 

 

Discussion 

Red snapper fed the AMP-free diet had deficiency symptoms (bulging eyes, soft body, 

eroding and hemorrhagic fins) similar to fish fed diets without vitamin C supplement 

(Dabroswki et al., 1990; Shiau and Hsu, 1995). These symptoms are related to collagen 

malsynthesis (Moreau et al., 1996). Collagen is an important component in connective 

tissues. In the present study, fish fed the AMP-free diet had soft bodies not observed in 

the other treatments, indicating that collagen formation was hampered in this treatment. 

Collagen synthesis is enhanced when diets are supplemented with vitamin C (Eya, 1996: 

Terova et al., 1998). For the red snapper in this study, a dietary supplement of 60 mg 

AMP/kg diet, equivalent to 26 mg ascorbic acid per kg diet, was an adequate source of 

vitamin C to prevent gross vitamin deficiency symptoms. This level is within the range 

that enhances collagen synthesis in channel catfish (30 mg AMP; Mustin and Lovell, 

1992) while the less stable L-ascorbic acid allows optimum synthesis of vertebral collagen 

in the African catfish Clarias gariepinus at 46 mg/kg diet (Eya, 1996). 

 The final average weight, PER, and FCR of red snapper fed the 60 mg AMP diet were 

significantly better than in fish fed the AMP-free diet. Increasing the AMP level to 180 or 

540 mg did not further improve growth or feed efficiency. Thus, a dietary supplement of 

AMP at 60 mg/kg diet in practical diet formulations for red snapper seems to be optimum 

for growth and feed efficiency. For sea bass and grouper, 30-60 mg AMP/kg diet (or 13-

26 mg AA/kg diet) is best for good growth, survival, and the prevention of vitamin C 

deficiency symptoms (Phromkunthong et al., 1997; Lin and Shiau, 2005). However, to 

avoid AA deficiency symptoms in ayu, the recommended level is higher: 47 mg AA/kg 

diet (Xie and Niu, 2006). 

 Although the AMP540 diet produced the highest ascorbic acid in the examined tissues, 

there was a significant decrease in growth and feed efficiency of fish fed this diet. The 

increased dietary level of AMP seemed to have a toxic effect on the red snapper as those 

fed the AMP540 diet had extensive degeneration of the renal tubules, an extensive 

pigment deposit in the intertubular tissues, and a significantly lower final weight than fish 

fed the AMP 60 and AMP180 diets. Further, fish fed the AMP180 and AMP540 diets had 

livers with severe necrosis, extensive vacuolation, and cloudy swelling of the 

hepatocytes. In Atlantic salmon Salmo salar L., a diet with 5000 ppm crystalline vitamin 

C reduced selenium (Se) in the liver (Maage et al., 1990). Fish with Se depletion are 

anorexic (Watanabe et al., 1997). This could explain why the red snapper in our study 

had significantly slower growth at 540 mg AMP/kg diet in addition to the degenerative 

effect on the kidney. Lower levels of AMP (e.g., 100 mg/kg diet) do not cause 

pathological changes in the gill or kidney of small sea bass (<5 g; Phromkunthong et al., 

1997). In the present study, the 60 mg AMP diet enhanced the growth of the red snapper 

without causing pathological changes in the liver, kidney, or muscle. 

 The level of ascorbic acid in the red snapper liver and brain increased as the level of 

dietary AMP increased, as in other fish species given AMP or some form of vitamin C 

(Fournier et al., 2000; Lin and Shiau, 2005). The level of ascorbic acid did not plateau 

but continued to rise in red snapper fed the AMP540 diet, similar to ayu fed a diet 

containing 1176 mg AMP/kg diet (Koshio et al., 1997). The brain is a vital organ and 

likely stores vitamin C longer than other tissues in case of vitamin C depletion (Gouillou-

Coustans and Kaushik, 2001). In the present study, although the control snapper 

received no vitamin C supplement for 21 weeks and exhibited vitamin deficiency 

symptoms, they had 111 ppm ascorbic acid in the brain, more than 3 times the amount 

in the liver (30 ppm). Other species given no dietary vitamin C supplement for 8-20 

weeks also exhibited vitamin C deficiency symptoms and had less than 20-30 ppm 

ascorbic acid in the liver (Lee et al., 1998). Parrot fish Oplegnathus fasciatus (3.9 g) fed 

a vitamin-free casein-gelatin based diet retained 31.5 ppm ascorbic acid in the brain and 
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none in the muscle, liver, or gill after 11 weeks (Wang et al., 2003). In the current study, 

ascorbic acid was still detected in the brain and liver of snapper fed no dietary vitamin C 

for 21 weeks, suggesting that 21 weeks may not be enough to deplete vitamin C in these 

organs when the fish is fed a practical diet formulation. It could also indicate a difference 

in the rate of ascorbic acid deposition between tissues and species as noted in a parallel 

experiment in sea bass and sea bream Sparus aurata L. (Alexis et al., 1999). 

 Hematocrit of red snapper fed 60 and 180 mg AMP/kg diets was significantly higher 

than hematocrit of fish fed the AMP540 diet. A low hematocrit level is indicative of 

abnormal function (Anderson and Siwicki, 1995). This was evident in snapper fed the 540 

mg AMP diet. The hematocrit of channel catfish (29-42%) fed a diet without AMP for 12 

weeks was significantly lower than in those fed diets containing up to 120 mg AMP/kg 

diet (Mustin and Lovell, 1992). In our study, the differences in hematocrit level could 

only be due to the different dietary levels of AMP since all fish were handled similarly and 

fed a basal diet for the same length of time. As such, dietary AMP at 540 ppm in practical 

diets for red snapper is toxic. 

 Snapper utilized AMP as a dietary source of vitamin C, but the toxic effect at the level 

of 540 mg AMP/kg was evident not only in growth and feed efficiency but also in the 

histology of the liver and kidney. Based on the experimental conditions of this study and 

the practical composition of the basal diet, the minimum amount of AMP that supported 

optimal growth and feed efficiency without causing clinical signs of ascorbic acid 

deficiency was 60 mg/kg diet, equivalent to 26 mg ascorbic acid/kg diet. 
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