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Abstract 

The main purpose of this study is to find out the possibility of using fermented golden apple snail 
(FGAS) as an alternative protein source in sex-reversed red tilapia (Oreochromis niloticus x O. 
mosambicus) diets. FGAS was prepared by incubating minced golden apple snail (GAS) with locally 
screened lactic acid bacteria and using molasses as carbon sources at ambient temperature for 10 days. 
Five experimental diets were formulated by replacing fishmeal with FGAS at level of 0 (control), 25, 50, 
75 and 100 % of fishmeal protein. Another diet with minced GAS was also included in the experiment. 
Each diet was randomly fed to triplicate groups of fish with an initial weight of 2.73 ± 0.09 g for 8 weeks. 
The results showed that growth performance and feed utilization of fish fed 75 % fishmeal replacement 
diet were significantly better (p < 0.05) than those fed the control diet. The fish fed 100 % replacement 
diet showed lower growth rates compared with the control diet but were not significantly different (p > 
0.05). In addition, fish fed a diet containing minced GAS showed better growth performance and feed 
utilization than those of the control diet. The digestibility study indicated that fish utilized protein from 
snail meal either in a minced or fermented form much better than protein from fishmeal. It was concluded 
that snail meal is a potential protein source in sex-reversed red tilapia diets. Replacement of fishmeal 
protein with minced snail meal could be at 50 % and FGAS could be up to 100 % but 75 % is 
recommended. 

Keywords: Golden apple snail, fermented golden apple snail, fish meal replacement, lactic acid bacteria, 
sex-reversed red tilapia 
 
 
Introduction 

 Golden apple snails (GAS) (Pomacea sp.) are a significant pest in many rice fields in Thailand. 
There have been attempts to utilize this snail as food for animals because of its high nutritional value 
[1,2]. Snail meal has been used for broilers, laying hens and pigs’ diets [2]. For aquatic animal diets, 
Norachan et al. [3] found a significant improvement in growth and feed efficiency of juvenile Nile tilapia 
(Oreochromis niloticus) when dried GAS meal was substituted for 47.7 % of fishmeal protein or 12.2 % 
of diet. The total fishmeal replacement with ground sundried GAS in diet of the striped catfish 
(Pangasianodon hypophthalmus) has been reported [4]. In shrimp diet, Bombeo-Tuburan et al. [1] 
reported the use of chopped fresh GAS mixed with cooked cassava or cooked maize in the proportion of 
60 %:40 % of total weight to feed black tiger shrimp (Penaeus monodon) for the 4-month culture period. 
The recommended level of GAS meal in the diet for giant freshwater prawn (Macrobrachium 
rosenbergii) was not more than 50 % of fish meal protein or 17.5 % of diet [5]. 
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 The limitation of GAS in aquatic animal diet when incorporated at a high level is the low 
digestibility coefficient [3,5]. In addition, GAS is easily spoiled. An earlier study by Rattanaporn et al. [6] 
indicated that the lactic fermentation processes is an efficient method for preserving and improving GAS 
meal quality. They produced the snail silage by incubating minced GAS with locally screened lactic acid 
bacteria at ambient temperature using molasses as the carbon source for bacterial growth. The results 
showed that the ensilation of GAS helped improve the quality of the meal by increasing free amino acids, 
which can readily be used by aquatic animals. The recommended fermentation period was 10 days. The 
application of ensiled GAS in aquatic animal diet has been reported by Phonekhampheng et al. [7]. They 
replaced fishmeal with ensiled GAS in the diet of African catfish (Clarias gariepinus). The growth 
performance and feed consumption was recorded for a period of 6 weeks. The results indicated that 
ensiled GAS has a high nutritive value and could be used to completely replace fish meal in African 
catfish diet. 
 In this study, a fermentation technique according to Rattanaporn et al. [6] was used either to 
predigest fibrous protein in GAS meat or to preserve the GAS nutritional profile. The fermented golden 
apple snails (FGAS) were then used as an alternative protein source in diets and the optimum level of 
FGAS in sex-reversed red tilapia diet was investigated. 
 
Materials and methods 

Preparation of minced GAS  
 GAS was collected from rice fields in Nakhon Si Thammarat Province, Southern Thailand. They 
were then dipped into boiling water for 2 min. After that, the shells were removed and the meat was then 
ground using a Hobart mincer. Minced GAS was kept at −20 °C until used. 
 

Preparation of fermentation inoculum 
 Fermentation inoculum was prepared according to the method of Rattanaporn et al. [6]. Local 
screened lactic acid bacteria (L1/2) cells were obtained from the Biotechnology Laboratory, Walailak 
University. To prepare a starter culture, a loopful of lactic acid bacteria from a stab of MRS agar was 
transferred into 10 mL of inoculum medium containing 50 g/L of sucrose, 5 g/L of peptone, 5 g/L of yeast 
extract, K2HPO4 at 5 g/L and MnSO4 at 0.03 g/L and incubated at 37 °C for 24 h. To prepare the 
fermentation inoculum, the starter culture was transferred to a 90 mL sterile inoculum medium and was 
incubated at 37 °C for 24 h. 
 
Preparation of FGAS  
 FGAS was prepared following the method of Rattanaporn et al. [6]. Briefly, frozen minced GAS 
was thawed and then incubated with the fermentation inoculum at 1 kg of minced GAS per 1 L of 
inoculum medium with the addition of 0.15 L of molasses as a carbon source. The mixture was incubated 
at ambient temperature (27.0 - 31.0 °C) for 10 days. 
 
Analysis of feed ingredients 
 The chemical composition of feed ingredients was determined using the AOAC method [8]. The 
total acidity and pH of minced GAS and FGAS were measured. The pH of the sample was measured 
using an Orion pH meter model 420 A. Total acidity was measured by titrating against 0.1 N NaOH to a 
final pH of 8.4 [9]. The composition of feed ingredients is presented in Table 1. 
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Table 1 Proximate analysis of feed ingredients. 
 

Ingredients Moisture1 
(%) 

Protein1 
(%) 

Fat1 
(%) 

Ash1 
(%) 

Fiber1 
(%) 

Fish meal 4.70±0.03 63.14±1.12   7.30±0.07 30.50±0.33   0.99±0.07 
Shrimp head meal 4.60±0.14 56.95±1.29   4.51±0.11 24.46±0.18 13.18±0.19 
Soybean meal 7.41±0.02 44.77±1.91 19.28±1.14   5.76±0.16   4.30±0.20 
Palm kernel meal 5.25±0.14 18.27±0.94 12.05±0.10   3.56±1.26 12.56±0.22 
Rice bran 8.58±0.02 15.68±0.20 15.07±0.19 12.97±0.22   5.22±0.13 
Cassava meal 9.63±0.10   2.54±0.15   0.54±0.04   4.08±0.27   1.30±0.18 
 
1mean±SD, n = 3 
 
 
Preparation of experimental diets 
 Six practical diets were formulated to contain 30 % protein and 9 % lipid. Diet compositions are 
presented in Table 2. FGAS was used as a fishmeal protein substitute. Chromic oxide was added at 1.0 % 
of diet as an inert indicator. All ingredients were mixed using a Hobart mixer and then cooked cassava 
meal was added as a binder. The diet was pelleted using an extruder with a 2 mm diameter die. The 
extruded pellets were dried at 60 °C overnight, packed and stored at −20 °C until used. Proximate 
analyses of diets were determined using the AOAC method [8].  
 
 
Table 2 Composition of experimental diets (g/kg diet). 
 

Ingredient Diet (Ratio of fish meal protein : FGAS or GAS protein) 
1(100:0) 2(75:25) 3(50:50) 4(25:75) 5(0:100) 6(50:50) 

Fish meal 250 188 125 63 0 125 
GAS 0 0 0 0 0 152 
FGAS 0 96 192 288 384 0 
Soybean meal 280 280 280 280 280 280 
Palm kernel meal  150 160 160 160 160 160 
Rice bran 100 100 100 100 100 100 
Cassava meal  180 136 103 69 36 143 
Cr2O3 10 10 10 10 10 10 
Mineral premix1 20 20 20 20 20 20 
Vitamin premix2 10 10 10 10 10 10 
 

1Mineral premix (g/kg diet) : NaCl 0.25; MgO 1.1; KC1 4; Ca(H2PO4)2 9; FeSO4 0.72; Calcium lactate 0.88; ZnSO4. 
7H2O 0.088; MnSO4.7H2O 0.04; CuSO4.5H2O 0.088; CoSO4 0.0002; Kl 0.0008; cellulose 1.183  
2Vitamin premix (mg/kg diet) : Thiamine (B1) 10: Riboflavin (B2) 20; Pyridoxine (B6) 10; Cobalamin (B12) 2; Retinal 
(A) 4; Choleccalciferal (D3) 0.4; Philloquinone (K1) 80; Folic acid 5; Calcium pantothenate 40; Inositol 400; Niacin 
150; Tocopherol (E) 60; Choline 6,000; Ascorbic (C) 500; Cellulose 2.717 
 
 
Fish rearing and culture conditions 
 Sex-reversed red tilapia juveniles were obtained from Nakhon Si Thammarat Inland Fisheries 
Station, Department of Fisheries and acclimatized to laboratory conditions for 2 weeks in 70 L aquaria 
equipped with continuous aeration and 50 % water discharge daily. Six experimental diets were randomly 
fed to triplicate groups of fish with an initial weight of 2.73 ± 0.09 g. A hundred grams of fish in the same 
population were randomly sampled for initial carcass analysis. The diet was fed to satiation twice daily at 
9.00 and 16.00 h for 8 weeks. Feed intake and mortality were recorded daily. Fish weight in each 
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experimental unit was measured every 2 weeks for growth data. At the end of the experiment, 6 fish were 
randomly taken from experimental unit for carcass analysis. 
 
Protein digestibility study 
 During the last 3 weeks of the experiment, daily faeces collection was done 1 h after the evening 
meal [10]. Before collection, the tanks were cleaned of uneaten food and 50 % water volume was 
replaced, then the siphon method was used to collect faeces from the bottom of the tank. In each 
treatment, collected faeces were pooled and frozen at −20 °C. Pooled samples were dried at 60°C in a hot 
air oven and blended using a porcelain mortar. Protein content of faeces was determined according to 
AOAC [8]. Acid digestion was used to determine chromic oxide content in diets and faeces [11]. 
Apparent protein digestibility coefficients were calculated according to De Silva and Anderson [12]. 
 
Water quality measurement 
 Water temperature was recorded daily and water samples were collected weekly for analysis of 
dissolved oxygen using a DO meter model WTWOxi 330i/SET, pH using a pH meter model HACH 
Sension 3, and ammonia and total alkalinity following the method of Boyd and Tucker [13]. 
 
Statistical analysis 

All analyses were conducted in triplicate and data reported as the mean±SD. Statistical analyses 
were performed according to Steel and Torrie [14] using one-way analysis of variance, ANOVA (SPSS 
v.11) with a 5 % level of probability (p < 0.05) selected in advance to sufficiently demonstrate a 
statistically significant difference. Where significant differences were observed, treatment means were 
differentiated using pairwise multiple comparison procedures (Duncan’s new multiple range test). 
 
Results and discussion 

Generally, fermentation is a wildly used technique for preserving and improving nutritive values of 
raw materials before use as protein sources in animal diet such as shrimp waste [15], fish waste [16] or 
even golden apple snail [6,7]. Various methods were used to produce fermented feed stuff. Fagbenro and 
Fasakin [17] reported that poultry viscera was preserved by adding 4.5 % (v/w) citric and 0.5 % (v/w) 
propionic acids for autolysis for 30 days then the product was used as protein source for catfish (Clarias 
gariepinus ) up to 30 % of replacement for poultry by product meal without apparent differences in pellet 
quality or diet acceptability. Moist fermented fish silage prepared using Lactobacillus plantarum as a 
starter culture and fermented under anaerobic conditions at 30 °C for 7 days had highly digestible and 
suitable protein which could be used as a supplement for tilapia (Oreochromis niloticus) [16]. 
 In this study, the fermentation technique according to Rattanaporn et al. [6] was applied for 
preparation of the FGAS before adding into the diet of sex-reversed red tilapia (Oreochromis niloticus x 
O. mossambicus) as a fishmeal protein replacement. FGAS was prepared by incubating minced GAS with 
locally screened lactic acid bacteria and using molasses as carbon sources. The ingredient mix (1 kg 
minced snail per 1 L culture medium and 0.15 L of molasses) was incubated at ambient temperature (27.0 
- 31.0 °C) for 10 days. The proximate composition of 10 days fermented snail compared with the minced 
golden apple snail (GAS) is presented in Table 3. The moisture content of FGAS was higher than GAS 
due to the liquid (inoculum medium and molasses) added and the autolysis process during the incubation 
period. The protein and ash content of FGAS was lower than for the GAS. In addition, the acidity of the 
FGAS increased which related with the lower pH. The range of pH and acidity of the fermented product 
corresponded to preparation of lactic acid fermented snail prepared by Rattanaporn et al. [6]. From their 
results, the 10 days incubation period gave the highest free amino acid content in the FGAS. 
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Table 3 The proximate composition of GAS and FGAS (as fed basis). 
 

Ingredients Moisture1 
(%) 

Protein1 
(%) 

Fat1 
(%) 

Ash1 
(%) 

pH1 
 

Acidity1 
(% lactic acid) 

GAS 66.01±1.35 49.54±0.40 0.83±0.15 13.98±0.21 8.18±0.05 0 
FGAS 75.23±1.72 39.11±0.38 0.75±0.04   3.62±0.03 4.97±0.67 1.47±0.74 
1mean±SD, n = 3 
 
 
 The feeding trial performed using the GAS meal either the fermented or minced form added to the 
diet at different levels of fishmeal protein replacement. FGAS was replaced at 25, 50, 75 and 100 % of 
fishmeal protein while replacing 50 % fishmeal protein with minced GAS was tested. The proximate 
composition of six experimental diets is presented in Table 4. The crude protein and lipid contents of 
these diets ranged from 30.11 to 34.98 % and 8.78 to 9.59 %, respectively. The average moisture ranged 
from 0.80 to 2.26 %. Ash content was highest in the control diet (diet 1) which contained the highest 
amount of fishmeal. Dietary fiber ranged from 4.57 to 5.46 %. 
 
 
Table 4 Proximate analysis of experimental diets. 
 

Diet1 Moisture2 
(%) 

Ash2 
(%) 

Protein2 
(%) 

Lipid2 
(%) 

Fiber2 
(%) 

1 2.16±0.02 13.61±0.06 30.11±0.34  9.59±0.05  5.46±0.23 
2 1.59±0.02 12.52±0.16 31.19±0.15  9.92±0.11  4.57±0.16 
3 2.25±0.02 11.48±0.06 31.76±0.53  9.31±0.22  4.97±0.41 
4 0.80±0.03 10.76±0.08 32.32±0.10  8.71±0.06  4.93±0.12 
5 1.97±0.03  9.18±0.01 32.31±0.33  9.20±0.36  4.85±0.88 
6 1.67±0.01 10.99±0.11 34.98±0.04 8.78±0.35 5.23±0.16 

1Diet 1, control diet; Diet 2, 25 % fishmeal protein replacement with FGAS; Diet 3, 50 % fishmeal protein 
replacement with FGAS; Diet 4, 75 % fishmeal protein replacement with FGAS; Diet 5, 100 % fishmeal protein 
replacement with FGAS and Diet 6, 50 % fishmeal protein replacement with minced GAS 
2mean±SD, n = 3 

 
 
 The average body weight every 2 weeks of the fish in the feeding trial is shown in Figure 1. Body 
weight of fish fed the control diet (diet 1) compared with those fed the snail meal (diet 2 - 6) appeared 
significantly different (p < 0.05) after 4 weeks of study. The results indicated that snail meal could be a 
growth enhancement. At the end of study, fish fed the diet replacing fishmeal protein with 50 % of 
protein either as FGAS or minced snail meal had a higher body weight (p < 0.05) than those fed the 
control diet. The body weight of fish fed the diet which totally replaced fishmeal protein with FGAS was 
not significantly different (p > 0.05) with the fish fed control diet. 
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Figure 1 Average body weight of fish fed experimental diets every 2 weeks. 
(Diet 1, control diet; Diet 2, 25 % fishmeal protein replacement with FGAS; Diet 3, 50 % fishmeal 
protein replacement with FGAS; Diet 4, 75 % fishmeal protein replacement with FGAS; Diet 5, 100 % 
fishmeal protein replacement with FGAS and Diet 6, 50 % fishmeal protein replacement with minced 
GAS; mean ± SD, n = 3; values not sharing a common superscript are significantly different (p < 0.05)) 
 
 
 Fish survival rate ranged from 90.74 % to 100 % (Table 5). There was no significant difference (p > 
0.05) between treatments. The substitution of fishmeal with GAS meal either minced or fermented 
benefited fish growth. The data of growth performance; final weight, weight gain and specific growth rate 
are presented in Table 5. Fish fed diets with 50 % fishmeal replaced with either minced GAS or FGAS 
showed significantly higher growth performance than those of fish fed the control diet (p < 0.05). 
 Fish fed diets containing snail meal, both minced and fermented, at 50 % fishmeal replacement 
showed no differences in growth performance. However, the group of fish fed the diet which totally 
replaced fishmeal protein with FGAS grew less than other groups but similar to those fed the control diet. 
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Table 5 Initial weight, final weight, weight gain, specific growth rate (SGR) and survival rate of sex-
reversed red tilapia fed the experimental diets for 8 weeks. 
 

Diet1 Initial weight2 

(g/fish) 
Final weight2 

(g/fish) 
Weight gain2 

(g/fish) 
SGR2 

(%/day) 
Survival rate2 

(%) 

1 2.68±0.03a 33.03±0.66bc     30.34±4.63bc  4.47±0.24bc  100.00±0.00a 
2 2.74±0.05a 37.26±1.81ab     34.52±1.85ab  4.66±0.12ab   90.74±11.56a 
3 2.74±0.11a 39.96±2.70a     37.23±2.69a  4.79±0.14a   98.15±3.21a 
4 2.78±0.07a 38.59±2.58ab      35.81±2.54ab  4.69±0.10ab   94.44±0.00a 
5 2.79±0.13a 30.52±4.10c      27.73±3.99c  4.26±0.18c   98.15±3.21a 
6 2.66±0.14a 41.13±3.96a 38.47.73±3.91a  4.88±0.16a   98.15±3.21a 

1Diet 1, control diet; Diet 2, 25 % fishmeal protein replacement with FGAS; Diet 3, 50 % fishmeal protein 
replacement with FGAS; Diet 4, 75 % fishmeal protein replacement with FGAS; Diet 5, 100 % fishmeal protein 
replacement with FGAS and Diet 6, 50 % fishmeal protein replacement with minced GAS 
2mean±SD, n = 3 

Means within each column not sharing a common superscript are significantly different (p < 0.05) 
 
 
Feed efficiency of fish fed different diets is presented in Table 6. Feed intake (FI) of fish fed 

different diets ranged from 31.87 to 39.80 g/fish. The substitution of fishmeal protein with 100 % FGAS 
protein caused lower FI. Fish fed diets with 50 % fishmeal protein as either minced GAS or FGAS 
protein showed higher FI than those of fish fed the control diet. However, there was no significant 
difference in FI among treatments (p > 0.05). 

Feed conversion ratio (FCR) ranged from 1.02 to 1.19. It was found that the optimal snail meal 
substitution improved FCR. The results of fish fed the diet containing snail meal (diets 3, 4 and 6) showed 
a significantly better FCR than fish fed the fishmeal diet (p < 0.05). While FCR of the 100 % snail meal 
diet showed no significant difference with the control diet. For protein efficiency ratio (PER) and 
productive protein value (PPV) of fish fed different diets, it was found that there were no significant 
difference in PER and PPV among treatments (p > 0.05). 
 
 
Table 6 Feed intake (Fl), feed conversion ratio (FCR), protein efficiency ratio (PER) and productive 
protein value (PPV) of sex-reversed red tilapia fed the experimental diets. 
 

Diet1 FI2 
(g/fish) FCR2 PER2 PPV2 

(%) 

1  35.80±3.09ab 1.19±0.08a 2.80±0.19a 41.04±2.88ab 
2 38.07±3.92a   1.10±0.06abc 2.92±0.16a 43.41±2.29ab 
3 39.80±2.57a  1.07±0.03bc 2.94±0.07a 43.91±1.08ab 
4  37.03±2.36ab 1.03±0.03c 2.99±0.07a 45.38±1.13a 
5  31.87±3.11ab  1.15±0.05ab 2.68±0.13a 39.53±1.88b 
6 39.02±3.22a 1.02±0.02c  2.81±0.07ab  44.01±1.03ab 

1Diet 1, control diet; Diet 2, 25 % fishmeal protein replacement with FGAS; Diet 3, 50 % fishmeal protein 
replacement with FGAS; Diet 4, 75 % fishmeal protein replacement with FGAS; Diet 5, 100 % fishmeal protein 
replacement with FGAS and Diet 6, 50 % fishmeal protein replacement with minced GAS 
2mean±SD, n = 3 
Means within each column not sharing a common superscript are significantly different (p < 0.05) 
 
 
 In this study, fish growth performance and feed utilization data indicated that protein from raw and 
fermented GAS can replace fishmeal in diets for sex-reversed red tilapia. Replacing 50 % fishmeal 
protein in diet with raw GAS showed benefit in tilapia diet similar with the results found by Norachan et 
al. [3]. They also recommended that using dried GAS in juvenile Nile tilapia (O. niloticus) feed should 
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not be more than 47.7 % of fishmeal protein or 12.2 % of feed weight. The fermentation applied to 
produce FGAS can modify snail protein to make it easy to digest which allows a higher level of GAS in 
the diets as compared with other studies in fish [3] or shrimp [5]. The fermentation of GAS with lactic 
acid bacteria with the addition of molasses as a carbon source was successful in stabilizing and preventing 
it from spoilage and helped improve the quality of snail meal by increasing the free amino acids, which 
can readily be used by aquatic animals [6]. 
 Predigested snail meal with acid digestion gave free amino acids which may be readily absorbed in 
the animal intestinal tract. The digestibility study was carried out in the last period of this study and the 
results are presented in Table 7 which indicated that the FGAS diet had higher digestibility and protein 
was better utilized than the control diet (p < 0.05). However, increased FGAS amount in diet does not 
improve protein digestibility with the data showing that no significant difference found in fish fed diets 2 
to 5. The highest protein digestibility was found in fish fed diet 6 in which 50 % of the fishmeal was 
replaced with minced GAS. This was due to higher proportion of predigested protein in the FGAS in the 
diet. 
 
 
Table 7 Apparent protein digestibility of the experimental diets. 
 
Diet1 Protein digestibility (%)2 

1 84.42±0.02c 
2 88.42±0.03ab 
3 87.46±1.88b 
4 87.50±0.70b 
5 87.59±1.54b 
6 90.10±1.01a 
1Diet 1, control diet; Diet 2, 25 % fishmeal protein replacement with FGAS; Diet 3, 50 % fishmeal protein 
replacement with FGAS; Diet 4, 75 % fishmeal protein replacement with FGAS; Diet 5, 100 % fishmeal protein 
replacement with FGAS and Diet 6, 50 % fishmeal protein replacement with minced GAS 
2mean±SD, n = 3 
Means within each column not sharing a common superscript are significantly different (p < 0.05) 
 
 
 Water quality measured during the feeding trial indicated that the mean value of any parameter was 
in the acceptable range. Daily temperature ranged from 28.29 to 28.52 °C, pH ranged from 6.43 to 6.53. 
The average alkalinity, and dissolved oxygen was 25.20 ppm and 5.60 ppm, respectively. Although the 
total ammonium reached 2.37 ppm the low water pH caused a less toxic ammonium form. 
 
Conclusions 

It was concluded that FGAS is a potential protein source in sex-reversed red tilapia diets. FGAS can 
be used to replace fishmeal in diets up to 100 % however, 75 % is recommended. In addition, replacing 
fishmeal protein with GAS protein at 50 % is also successful. 
 
Acknowledgements 

We would like to thank the Higher Education Commission, Thailand for a research grant and The 
Center for Scientific and Technological Equipments, Walailak University, for laboratory equipment. 
Special thanks to Assistant Professor Dr. Piyapong Chotipuntu and Mr. Phusit Horpet for kindly 
reviewing the manuscript. 
 
 
 
 



FGAS as an Alternative Protein Source Noppawan CHIMSUNG and Chutima TANTIKITTI 

http://wjst.wu.ac.th 

Walailak J Sci & Tech 2014; 11(1) 
 

49 

References 

[1] I Bombeo-Tuburan, S Fukumoto and EM Rodriguez. Use of the golden apple snail cassava and 
maize as feeds for the tiger shrimp (Penaeus monodon) in ponds. Aquaculture 1995; 131, 91-100. 

[2] JW Hertrampf and F Piedad-Pascual. Handbook on Ingredients for Aquaculture Feed. Kluwer 
Academic Publishers, London, 2000, p. 1-624. 

[3] C Norachan, P Tabthipwan, O Jintasathaporn and S Mahasawat. Substitution of dried golden apple 
snail meal for fish meal in tilapia (Oreochromis niloticus, Linn.) diets. In: Proceedings of 40th 
Kasetsart University Annual Conference, Bangkok, Thailand, 2002, p. 650-7. 

[4] CT Da, T Lundh and JE Lindberg. Evaluation of local feed resources as alternatives to fish meal in 
terms of growth performance, feed utilization and biological indices of striped catfish 
(Pangasianodon hypophthalmus) fingerlings. Aquaculture 2012; 364-365, 150-6. 

[5] O Jintasataporn, P Tabthipwan and S Yenmark. Substitution of golden snail meal for fishmeal in 
giant freshwater prawn, Macrobrachium rosenbergii (de Man) diets. In: Proceedings of 42th 
Kasetsart University Annual Conference, Bangkok, Thailand, 2004, p. 181-9. 

[6] K Rattanaporn, W Luanloy, S Ieng-ubol, W Songsioon and N Chimsung. Effect of molasses on 
golden apple snail silage production. In: Proceedings of the 44th Kasetsart University Annual 
Conference, Bangkok, Thailand, 2006, p. 3-10. 

[7] O Phonekhampheng, LT Hung and JE Lindberg. Ensiling of golden apple snails (Pomacea 
canaliculata) and growth performance of African catfish (Clarias gariepinus) fingerlings fed diets 
with raw and ensiled golden apple snails as protein source. Livestock Research for Rural 
Development, Available at: http://www.lrrd.org/lrrd21/2/phon21018.htm, accessed April 2013. 

[8] AOAC. Official Methods of Analysis. Association of Official Chemists. Washington DC, 1990, p. 1-
61. 

[9] LA Cira, H Sergio, MH George and S Keiko. Pilot scale lactic acid fermentation of shrimp wastes 
for chitin recovery. Proc. Biochem. 2002; 37, 1359-66. 

[10] N Sukkasame. 2000, Effects of Palm Kernel Cake Levels on Growth Performance of Nile Tilapia 
(Oreochromis niloticus Linn.). Master Thesis. Prince of Songkla University, Songkhla, Thailand. 

[11] A Furukawa and H Tsukahara. On the acid digestion of chromic oxide as an index substance in the 
study of digestibility of fish feed. Bull. Jpn. Soc. Sci. Fish. 1966; 32, 502-6. 

[12] SS De Silva and TA Anderson . Fish Nutrition in Aquaculture. Chapman and Hall, London, 1995, 
p. 1-319. 

[13] CE Boyd and CS Tucker. Water Quality and Pond Soil Analyses for Aquaculture. Auburn 
University, Alabama, 1992, p. 1-183. 

[14] RGD Steel and JH Torrie. Principles and Procedures of Statistics. McGraw-Hill Book Company, 
New York 1960, p. 1-481. 

[15] OA Fagbenro and OA Bello-Olusoji. Preparation nutrient composition and digestibility of 
fermented shrimp head silage. Food Chem. 1997; 60, 489-93. 

[16] OA Fagbenro and K Jauncey. Water stability, nutrient leaching and nutritional properties of  moist 
fermented fish silage diets. Aquacutl. Eng. 1995; 14, 143-53. 

[17] OA Fagbenro and EA Fasakin. Citric-acid-ensiled poultry viscera as protein supplement for catfish 
(Clarias gariepinus). Biores. Technol. 1996; 58, 13- 6. 

 

http://www.cabdirect.org/search.html?q=au%3A%22Rattanaporn%2C+K.%22
http://www.cabdirect.org/search.html?q=au%3A%22Iuanloy%2C+W.%22
http://www.cabdirect.org/search.html?q=au%3A%22Ieng-ubol%2C+S.%22
http://www.cabdirect.org/search.html?q=au%3A%22Songsioon%2C+W.%22
http://www.cabdirect.org/search.html?q=au%3A%22Chimsung%2C+N.%22
http://www.cabdirect.org/search.html?q=do%3A%22The+Proceedings+of+the+44th+Kasetsart+University+Annual+Conference%2C+Kasetsart%2C+30-January+-+2+February%2C+2006.+Subject%3A+Agro-industry%2C+Economics%2C+Business+Administration%22
http://www.cabdirect.org/search.html?q=do%3A%22The+Proceedings+of+the+44th+Kasetsart+University+Annual+Conference%2C+Kasetsart%2C+30-January+-+2+February%2C+2006.+Subject%3A+Agro-industry%2C+Economics%2C+Business+Administration%22

	Noppawan CHIMSUNG1,* and Chutima TANTIKITTI2
	Preparation of minced GAS
	Table 1 Proximate analysis of feed ingredients.
	Fish rearing and culture conditions
	Water quality measurement
	Table 7 Apparent protein digestibility of the experimental diets.
	[8] AOAC. Official Methods of Analysis. Association of Official Chemists. Washington DC, 1990, p. 1-61.

